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® ISC/IEC ISOVIEC 11172-2: 1993 (E)

Foreword

ISO rthe International O-genization for Standardization) and [EC (the Inter-
nationa Electrotechnical Commission) form the specialized systern for
werldwide standardization. National bodies that are members of ISO or
IEC participate in the develbopment of Iniematicnal Standards through
technical committees established by the respective orgenization o deal
with particdar fields of techincal activity, I1SO and IEC technical com-
mittees collaborate in fields of mutual interest. Dther international organ-
izaticns, govemmental and non-governmental, in lisison with 1SO ard IEC,
also take part n the work, o

Im the field of information t2chnolegy, 1SO and IEC have astablished a joint
technical committee, ‘SO/IZC JTC 1. Daft International Standards adopted
by the joint technical cermmittee are circulated to national bodies for vot-
ing. Publication as an Intemztional Standard requires approval by at least
75% o' the naticnal bodies casting a vote.

Intemational Standard ISO/IEC 11172-2 was prepared by Joint Technical
Committee :SO/IZC JTC 1, Inforrmation technology, Sub-Committee SC 29,
Coded representatiory of audio, picture, multimedia and hypermedya infcr-
mation. ' :
ISD/EC 11172 consists of the following parts, under the geners! fitle in-
formation technalogy — Coding of moving pictures and associated audio
for cigital storsge media at Lo fo about 1,5 Mbivs:

— Pant 1: Systems

— Pan 2. 'Videa

— Pan 3: Audio

— Pant 4; Compliance testing

Annexes A, B and C form an integral part of this part of 1ISOAEC 11172,
Annexes D, E and F are fer information only,

ki
-
=1
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Introduction

Notz -- Readers interested in an overview of the MPEG Video layer shoald read this Introdection and then
procead © annex D, before returning wo clavses 1 and 2,

0.1 Purpose

Thiis part of ISO/IEC 11172 was developed in 1esponse to the growing vecd for a common format for
representng compressed video on varicus digital storage media such as CDs, DATS, Winchegter disks and
optical drives. This part of ISO/IEC 11172 specifies a coded representation thalcan be used for
compressing video sequences 10 bitrates around 1,5 Mbitss. The use of this part of ISG/EC 11172 means
that motion video can be manipulated as a forn of computer data and can be transmitted and received over
exising and futire retworks. The coded represeniation can be usad with both 625-line and 5254ine
television ard provides flexibifity for wse with workstalion and persoaal compuier displays.

This part of ISO/IEC 11172 was developed o operate principally from storage media offering a continuous
transfer rate of about 1.5 Mbit/s. Neventhelessit can be used more widely than this becaonse the approach
taken is genaric.

0.1.1 Coding parameters

The intention i developing this part of ISOTEC {1172 has been (o define asource coding algorithm with a
large degree of flexibility that can be used in many diffzrentapplications. To achizve: this goal, a sumber of
the parameters defining the charactesistics of coded bitstreams and decoders are coniained in-the bitstream
itself. This allows for example, the algorithm 0 be nsed for pichuwres with a variety of sizes and aspect
ratios and on channels or devices operating a1 a wide range of bitrates. ,

Because of the large range of the charaeteristics of bitstreams that can be represented by this part of ISOTEC
11172, asub-s2t of these coding parameters known as the “"Constrained Paramers” hasbesn defined, The
aim in defining the constrained parameiers is (o offer guidance sbout a widely useful range of paramelers.
Conforming to this set of constraints is not 4 requirernznt of this part of ISO/IEC 11172, A flag in the
bitsiream indicates whether or not it is a Constrained Parameters bitsireanm.

Summary of the Constrained Pammeters:

Hortizontal piciure size Less than orequal ta 768 pels

Vertical pictare size Lzss than orequal tc 576 lines

Picture area 235 than orequal to 396 macroblocks

Pel mle L zss than orequal 1o 396%25 macroblocks/s

Fichre rate Less than orequal tc 30 Hz

Motion vecior range Less than -64 10 +63,5 pels {usmyg half-pel veciors)
[backward f code and forward_[_code <=4 (see table D 7)]

Input buffer size (in VBV modei) Less than orequal to 327 680 bits

Ritmate Less than or equai to 1 856 0K bits/s (constan birate)

0.2 DOverview of the algorithm

The coded representation defined in this pant of ISOTEC 11172 achieves a high campression ratio while
preserving good picmue quality. I'he algorithre isnot Ipssless as the exact pel values are not preserved
durng coding. The choice of the techmiques is based on the need (o balance a high picture quality and
compeession ratio with the requirement w make random access to the coded bitstréam. Obaining pood
pictare qoality at the hitrates of imterest demands a very high compression ratio. which is notachicvable
with intraframz opding alonz. The need (or random aceess, however, is best satisfied with pue intraframe
coding. This requires 2 careful balance between mira- and inerframe coding and between recursive and non-
rzeursive temporil redundancy reduction,
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A mumber of wechniques are used o achieve a high compression ratic. The first, which is almost
independent from this part of ISOAEC 11172, 35 to select an appropriate spatial resclution for the signal,
The algorithm then wses biock-hased motion compensaion o reduce the temporal redundancy. Motion
compensation is used for causal prediction of the curent picture from a previows pictare, for non-caveal
prediciion of e current picture from a future picture, or for interpolati vo prediction from past and future
pictures. Motion vectors are defined foreach 16-pel by 16-line region of the picture, The difference signal,
the prediction eror. is further compressed nsing the discreie cosine transform (DCT) 1o remove spatial
comelation before il is quantized inan imeversible process thet discands the less important information.
Finally, the motion vectors are combined with the DCT information, and coded using variable length codas.

0.2.1 Temporal processing

Becau:e of the conflicting requirsments of ravdom access @nd highly efficient compression, thres main
pictiure types are defimed. Intra-coded pictures (I-Pictures) are coded without reference to other pictures.

They provide access points (o the coded sequence where decoding can begin, but are coded with only a
modenie compression ratia Pradictive coded pictures (P-Picwres) are coded more effidendy using motion
compensated prediction fom 2 pastinira or predictive coded picture and are generally used as a2 reference for
furtherprediction. Bidirectonally-predidive coded pictures (B-Fictures) provide the highest degree of
compression but require both past and fulwe weference pictures for motion compensation. Bidirectionally-
predictive ended pictures are never used as feferences for prediction. The organisation of the three picure
types in a seqquenceis very fexible. Thechoice is lefl to the encoder and will depend on the reqairements of
the application. Figure 1illusirates the relationship between the threc different pichure Lypes.

‘P* Bi-directional
’ Prediction

Prediction

Figure 1 «- Example of temporal picture strucfure

The fourth picture type defined in this part of ISO/IEC 11172, the D-picture, is provided o dllow a simple,
but limited cuality, fasi-forward playback mode.

0.2.2 Mction tepresentation - macroblocks

The choice of 16 by 16 macroblocks for the motion-compensation unit is a result of the rade-off betwesn
increasmg the coding efficiency provided by using motion informaton and ibé overhead nezded o store ic
Fach macroblock can be une of anumber of different types. For example, intra-coded, forward-prediciive-
coded, backward-predictive coded, and bidirectionalty-predicive-coded macroblocks are pennitted in
bidirectionally-predictive caded picrzs. Depending on the type of the macrablock, motion vecior
information and cther side infonnation are stored with the compressed prediction emor signal n each
mactohlock. Themotion vectors are encoded differentially with respect (o (be last coded motion vector,
using variable-length codes. The maximum length of the vectors tbat may be represented can be
programmed, on a picture-by-picture basis, so that the most demanding applications can be met withou!
coampromising the performance of the system in more normal simations

Itis the responsibility of the excoder o calcula® appropriate motion vectors. This part of ISOAEC 11172
does nat specify how this sbould be done.
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©.2.3 Spatial redundancy raduction

Both original pictutes and prediction errer signals have high spatial redundancy. This part of [SO/IEC
13172 uses a block-based DCT method with visually weighted quantizatior: and run-length coding. Each 8
by 8 Hock of he original picture for intra-coded macroblocks or of the prediction error for predictive-coded
macrablocks is transformed into the DCT domain where it & scaled before being quantized. Afier

quan tizagon many of the coefficients arezero in value and so two-dimensioaal nin-length and variable
Jength coding is bsed 10 encode the remalning coefficizn(s efficiently.

0.3 Encoding

This part of ISOTEC 11172 does not specify an encoding process. ltspecifies the syntax and semantics of
the biistieam and the signal processing in the decoder. Asa result, many optiors are left open 0 encoders
10 made~-off cost and speed against picture quality and coding efficiency. This clause is a brief descripion of
the functions that need o be perfomed by anencotder. Figure 2 shows the main finctional blocks

Picre Motion | . e
) e oder [T [Ebiamatos _"15_;"““__‘_"
Source inpul picluses
=
iz
g
g.
o
€
w
| Picture
— qop /

Predicior

where
DCT is disciets cosine irans{orm
DCT-1is inverse discrete cosine Gansform
Q is quantization
Qlis dequantization
VLC is varizble length coding

Figure 2 — Simplified video encoder block diagram

The input video signal must be digitized and represenied as a luminance and two colour difference signals
(Y, Ch, Cyl. This may be followed by preprocessing and formal conversion to select an appropriate
window, resolution and input format. This part of [SO/IEC 11172 requires that the coloar difference
signals (Cp and Cy) are subsampled with respect 10 the luminance by 2:1 in both vertica! and horizonial
directions and are reformatied, if necessary, as a non-interlaced signal.

The encoder must choose which picture type o use for each picture. Having defined the picture types, the
zncoder estimates motion vectors foreach 16 by 16 macroblock in the picwre. Tn P-Pictures one vector is
needed for each noa-intr macroblock and in B-Fictures one of two vectors are nezded.

if B-Picures are used. somz reondening of the picure sequence isnecessary before encoding, Becawse B-

Pictures are coded using bidirectional motion compensated prediction, they can only be dzcoded afier the
subsequent reference picture (an I or P-Ficture) bas been decoded. Therefor the pichires are reordered by the
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encoder so that the pictires arrive af the dzcodar in the order fordecoding. The corect deplay order is
recovenad by the decoder.

The basic unil of coding within 2 picture is the macroblock. Within cach picture, macroblocks are pncoded
in sequence, lefl to right top (o bottom. Each macroblock consisis of six 8 by 8 tlocks: four blocks of
lmminance, one block of Ch chremmnance, and one biock of Cr chrominance. See figure 3. Note that he
pictre area covered by the four blocks of Tuminance is the same as the area covered by each of the
chrominance blocks. This is due to subsampling of the chrominance information © match the sensitivity of
the buman visual sysiem.

011 [+] [5]

zZ 13

L & Ch Cr
Figure 3 -- Macroblock structure

Firstly, fora given macioblodk, the coding mode is chosen. It depends on the piclure tfype, the
effectiveness of motion compensated prediction in that local region, and the nature of the signal within the
block. Secondly, depznding on ihe coding mode, a mation compensated prediction of the contents of the
block bescd on past and/or future reference piclures is formed, This predidion is subtracted from the actual
daia in the curent mzcroblock to form an error signal. Thirdly, this eror signal is separated into § by 8
blocks (4 luminance and 2 chromimance blocks in each macroblock) and a discrete cosine transform is
performed on cach block. Each resulting 8 by 8 block of DCT coeficients is quantized and the rwo-
dimensional block is scanned in a zig-zag onder Le conven itinio & one-dirnensional siring of quantized DCT
coefficients. Fourthly, the side-information for the macrobleck (mode, motion vectors etc) and the
quantized coefficient dat are encoded. For maximum efficiency, a numbes of variable length code tables are
defned for the different data elements. Run-leagth coding is used for the guantized coefficient data.

A comsequence of using differ=nl picture types and variable kength coding is that the overall data rate is
variable. In applications that involve a fixed-rate channel, a FIFO bulfer may be used to match the encoder
outpul o the chanoel. The status of this bulfer may be monitored 1o control the number of bits generated
by the encoder. Centrolling the quantization process is the most direct way of coatrolling the bitrate, This
part of ISO/TEC 11172 specifies an abstract model of the buffering system (the Video Buffering Verifier) in
order to coasirain the maximum variability in the namber of hits that are used for a given picture. This
ensures tha abisstream can be decoded with a buffer of known size.

At this stage, the coded sepresentation of the picture has heen generated. The final step in the encoder is to
regenerate [-Pictres and P-Pictures by decoding the data o that they can be used as reference pichues for.
subsequent encoding. The quantized coefficients are dequanlized snd an inverse 8 by 8 DCT is performed on
each tlock. The prediction emor signat produced is then added back © the prediction signal and limited to
the sequired range o give a decoded reference picture.

0.4 Decoding

Decodiug is theinverse of the encoding vperation. 1t is considerably simples than encoding as e i o
nezd to pesform motion estimation and there are many fewer options. The decoding process is defised by
this part of ISOAEC 11172. The description that follows is a very beief overview of one possible way of
decoding abiistream. Other decoders with different architecturss are possible. Figure 4 shows the main
fimcticral blocks.

vii
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Quanlizes siepaze
- + Heture
Buff MUIX 1 d
—pfaorec Je{MuxTlplvin |- o7 | per 4 —;
: pdes Reconmstucted
IEtsiman ouiput pichmes
Motion Vectors - A
Moces Ao
. & Prodictor
Wheze

DCT1 isinverse discrete cosine transform
Q!  isdequanizaion

MUX! is demuleiplexing

VLD  isvariable length decoding

Figure 4 -- Basic video decoder block diagram

For fired-rate applications, the chame! fills a FIFD bulfer at a constant raze with the coded bitsiream. The
decoder reads this buaffer and decodes the dan elements in the biistream sccording o the defined syneax.

As the decoder reads the bitstream, it identifies the siar of a coded picture and then the type of the picture.
1t decodes each macroblock in the pictare in tum. The macroblodk type and the motion vectors, if present,
are used 10 constuct a prediction of the current mecrblock based on past and fubure reference pictures that
bave been siored in the decoder. The ccefficient dataare decoded and dequaniized. Ezch 8 by B blodk of
coefficient data iy ransformed by an inverse DCT (specified in annex A, and the result is added to the
prediction signal and limited to the defined range.

After all the macroblocks in the picture have been processed, the piciure has been reconstrucied. Ifitis an [-
picture or a P-picture it is a reference picture for subsequent piciures and is stored, replacing the oldest stored
r=ference picture. Before the pictures ae displayed they may need o be re-ordered from the coded order o
ther natural display onder. Afier reordering, the pichures are available. in digital form, for post-processing
and display in any manner that the application chooses.

0.5 Siructure of the coded video bitstream

‘This partof ISO/EC 11172 specifies a syntax for a coded vidso bitstream. This syntax contains six layers,
each of which eilher supports a signal processing or a sysiem function:

Layers of the syntax Function
Sejquence layer Random actess unit context
Group of pictwes layer Rendom access unit: video
Picture layer Primary coding unit
Slice layer Resynchronization tmit
Macroblock layer Motion compensation unit
Elock layer DCT unit

0.6 Features supported by the algorithm

Applications using compressed video on digital siorage media need 10 be ablke O perforn 4 number of
operalions in addition (o normal forward playback of the sequerice. The coded bitstream hes been desigred
to support a number of these operations.

¥iii

Page 8 of 124
Petitioners HTC & LG - Exhibit 1004, p. 8



© ISO/IEC ISO/EC 11172-2: 1983 (E)

0.6.1 Random access

Random access s 2n esseniia! feature for video om a storage medivm. Random access sequires that any
piciure can be decoded in a limited amount of time. Tt implies the existence of access points in the
bitstream - that s segments of ivformation that are identifiable and can be decoded without reference to other
segments of data. A spacing of (wo random accest points (Intra-Pictures) per second can be achieved
withont significant [oss of picture quality.

0.6.2 Fast search

Deperding on the storage medium, it is possible t scan the access points in a coded bitsiream (with the
kelp of an application-specific drectory or other knowledge beyond the scope of this part of ISOAEC
11172) to ohtain a fast-forwand and fast-reverse playback effect.

0.6.3 Reverse playback

Some applications may require the video signal tobe played in reverse onder. This canbe achicved ina
decoder by using memory 1o store entire groups of pictures after they have been decoded before being
displayed in reverse order. An encoder can make this feature easier by reducmg the kength of gioups of
pichres.

0.6.3 Error robustness

Most digital slorage mediaand commurication chantels are noterror-fice. Appropriate channel coding
schemes should be us2d and are beyond the scope of this part of ISO/MEC 11172, Nevertheless the
compmession scheme defined in this pan of ISOTEC-11172 i robusl to residual errors, The slice structure
allows a decoder torecover after a data error and 10 resynchronize its decoding. Therefore, bit errors in the
compiessed data will cavse emors in the decoded pictures. 1o be limited in area. Decoders may be able o use
concealment strategies to disguise |hese enors.

0.6.5 Editing
Thereis a conflict between the requirement For high coding efficiency and easy editing. The coding strucmre

and syntax have not been designed with the primary aim of simplifying editing at any picture. Nevartheless
anumber of featares bave been included that enzble editing of coded dam.

i
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INTERNATIONAL STANDARD © ISO/EC ISDAEC 11172-2: 1993 (E)

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

Part 2:
Video

Section 1: General
1.1 Scope

This part of ISOTEC 11172 specifizs the coded representation of vided for digital siorage media and
specifies the decoding process. The representation supporis normal speed forward playback, as well as
special fanctions such as random access, Fast forward playback, fasi reverse playback, normal speed reverse
playback, pause and still pictures. Thnis part of ISO/IEC 11172 is compatible with standard 525- and 623-
line television formats, ard it provides flexibility foruse with personal computer and workstation displays.
ISO/IEC 11172 is primarily applicable o digital storage media supporting a continnous tranifer rafe up to
about 1,5 Mbit/s, such as Compact Dise, Digital Audio Tape, and magnetic hard disks. Nevertbeless it can
be used more widely than this because of the zgeneric approach 1aken. The storage media may be directly
connected 1o the decoder, or yvia communications mezns such as busses, LANs, or ielecommunications
links., This part of ISO/TEC 11172 is iniended for non-interlaced video formats having approximately 288
Tines of 352 pels and picture raes around 24 Hz to 30 Hz_

1.2 Normative references

The following Intemationsd Standands contain provisions which, through r2ference in Lhis text, constitute
provisions of this part of ISO/MEC 11172. Ai the tine of publication, the editions indicated were valid,
All standasds are subject to revisioa, and parties to agrernenis based on this part of ISO/IEC 11172 are
eneourazed to investigawe the possibifity of applying the mostrecent editions of the standards indicated
below. Members of IEC and [SO maintain registers of cumently valid Iniemational Standards.

ISOMIEC 11172-1:1993 Information technology - Coding of moneng pictures and associated audio for digiwl
storaze media at up io about 1.5 Mbit/s - Part I Systems.

ISO/MEC t1172:3:1993 Injormation technology - Coding of maving pictures and assecioted audio for digual
storaze media af up 1o about 1,5 Mbw/s - Part 3 Audio.

CCIR Recommendation 601-2 Encoding parameters of digitel televisior for siudios,
CCIR Repont 6244 Charccteristics of sysiems jor monockrome and colowr felevision.
CCIR Recommendation 48 Recording of ardip sigals.

CCIR. Report 935-2 Sound broadcasting by sateliile for portable and mobile receivers, nduding Annex IV
Summary description of Advanced Digital Sysiem [T,

CCITT Recommendation 1,17 Pre-emphasis used on Sound-Programme Circuits.
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IEEE Dmafi Standard P1180/D2 199C Specificaiion for the implemertation of 8x § inverse discrefe cosine
wransform”.
IEC publication 908:1987 CD Dizital Audio Sysiem.

2
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Seclion 2: Technical slements
2.1 Definitions

For the purposes of ISOMTEC 11172, ke following definilious apply, If spedific to a part this is noted in
square brackets.

2.1.1 ac coefficient |video]: Any DCT coefficient for which the frequency in ore or both dimensions
is mon-zero.

2.1.2 access wnit [system]: In the case of compressed audio an access unit is an andio access mit. Tn
the case of compressed video anaceess unit is the coded represeniaion of a picture.

2.1.3 adaptive segmentation [avdio]: A subdivision of the digital representation of an audio signal
in variable segments of ime.

2.1.4 adaptive bit allocation [audio]; The assignment of bits to subbands in a time and frequency
varying fashion according io a psychaacoustic model.

2.1.5 adaptive noise allocation [andio]: The assigunent of coding noise fo freqeency bands ina
time and frequency vacymg fashion according toa psychoacoustic model.

2,1.6 alias [audio]: Mirrared signal component resulling from sub-Nyguist sampling.

2,1.7 analysis filterbank [audio): Fikerbank in the zncoder that transforms & broadbard PCM andio
signal into a set of subsampled subband samples.

2,18 sudio access unil [audio]: For-Layers [ and 11 an andio aceess unit i defined as the smzllest
parted the encoded bilstream which can be decoded by itsell, where decaded mezns "fully reonstructed
sound”. For Layer {11 an audio access imit is part of the bitstrezm that is decodable with the use of
previously acquired main information.

Z.1.2 audic buffer [zudio]: A buffer in the system targel decoder for sorage of compressed andio daa

2.1.10 audio sequence [audio]: A non-interrupied series of audic frames in which the following
parameters arenot changed:

-ID

= ]_ayu-

- Sampling Frequency

- For Layer 1 and 1I: Bitratz index

2.1.11 backward motion vector |[video|: A motion vecior that is used for motion compensation
from a reference picture al a later time in display oder.

2112 Bark [audie]: Unit of critical band rate, 'The Burk scale is a non-linsar mapping of the frequency
scalz over the audio range closely corresponding with the frequency sélectivity of the human ear across the
band.

2113 bidirectionally predictive-coded picture; B-picture [videol; A picture that is coded
using motico compensated prediction from a past andlor futuse reference picture.

2.1.14 bitrate: The sat a which the compressed bitslream is delivered from the storage mediwm o the
input of a decoder,

21.15 block companding [audio): Nomnalizing of Ihe digital representation of an audio signal
within a centain ime period.

Z.1.16 block [video|: Au 8-row by B-columa orthogonal block of pels.

2117 bound [audic]: The lowest subband in which inteusity stereo coding is used.
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2.1.18 byte aligned: A bit in £ coded bitsurzam s byic-aligned if its position is a maltiple of 8-bits
from the first bit in the stream.

2.1.19% byte: Sequence of 8-bits.

2.1.2¢ channel: A digital medium that stores or transports an TSOTEC 11172 stream.

2.1.21 channel [audiol: The left and right chaunels of a stwreo signal

2.1.22 chrominance (component) [video]: A matrix, block or single pel represeating ore of the
two colour difference signals related o the primary colours in tbe maaner defined m CCIR Rec 501. The
symbols used for the colowr difference signals are Cr and Cb.

2.1.23 coded audio bitstream [andio]: A coded representation of an audio signzl as specified in
[SO/EC 11172-3.

2.1.24 wded video bitstream |video): A coded representation of a series of one or more pictures as
specified in this part of ISO/IEC 11172,

2.1.25 coded order [vides]: The order in which the pictures are stored @nd decoded. This oxder is not
pecessanly the same 3s the display order

2.1.26 coded representation: A daa element as represented in its encoded form.

2.1.27 coding parameters [video]: The set of user-definable parameters that characterize a coded video
bitstream. Bitstreams are characterised by coding parameters. Decoders are chamciersed by the bilstreams
that they are capable of decoding.

2.1.2B component |videa]: A matrix, block or single pel from ore of the thres mairices (Juminance
and two chrominance) that make up & picture

2.1.29 compressione Reduction in the namber of hits used to repiesent an item of data.

2.130 constant bitrate coded video [video]: A compressed video bitstream with a constant
average bitrate.

2.1.31 constapt bitrate; Operation where the bitrate is constant from start o finish of he compress=d
bitstream,

2.1.32 constrained purameters [video]: The values of (he sel of coding parameters defired in
24.3.2.

2.1.33 constraiped system parasmeter stream (CSPS) [sysfem): An [SOAEC 11172
multiplexed stream for which the corstraints definedin 2.4.6 of ISOMEC 11172-1 apply.

2.1.34 CRC: Cyclic redwndancy code.

2.1.35 critical band rate [audie): Psychoacoustic function of frequency. Ata given andible
frequency it is proportional to the number of critical bands below that frequency. The units of the critical
band rale scale are Barks,

2.1.36 ¢ritical band [audiv]: Psychoacoustic measure in the spectral domain which correspoads to the
frequency seleciivity of the human ear. This selectivity is expressed in Bark

2.1,37 data element. An item of dala &s represented before encoding and after decoding.

2.1.38 de-coefficient [viden]: The DCT coefficient for which the frequency is zero in bota
dimensions.
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2.1.39 dc-coded picture; D-picture [video]: A picture that is coded using only information from
itself. Of the DCT coefficients in the coded representation, only the de-ooefficients are present

2.1.40 DCT coefficient: The amplitude of a specific cosine basis function,
2.1.41 decoded stream: The decoded reconstruction of a compressed bitstream.

2.1.42 decoder input buffer [viden]: The first-in first-omt (FIFO) buffer specified in the videa
buffering venficr.

2.1.43 decoder input rate [video]: The data rate specified in the video buffering verifier and encoded
in the coded vidzo bitstream.

2,144 decoder: An embodiment of a decoding process.

2.1.45 decoding (process): The process defined in ISO/IEC 11172 that reads an input coded bitstream
and produces decoded pictures or audio samples.

2.1.46 decoding time-stamp; DTS [system|: A fcld that may be present in a packet beader that
indicates the time thar an access unit is decoded in e syslem larget decoder.

2.1.47 de-emphasis faudiol: Fillering applied te an audio signal afler storage or u‘ansmlsswn o nndo
a linear distortion duc to emphasis,

2.1,48 dequantization [video]: The process of rzscaling the quantized DCT coefficients afier their
representation in the bitstream has been decoded and before they are presented Lo Lhe nverse DCT,

2.1.49 digits] storage media; DSM: A digital storage of tnnsivission device c;r system.

2.1.50 discrete cosine transform; DCT (video]: Either the faorward discrete cosine wansform or the
inverse discrele cosite ransform, The DCT & an ivertible, discrete orthogonal transiommation. The
inverse DCT is defined in annex A

2.1.51 display order [video}: The arder n which the decoded picture: should be displayed. Normally
this i3 the same order in which they were presenied at the inpul of the encoder.

2.1.52 dual channel mode [andic]: A mode, where two audin chznoels wilh independznt progranme
contents (e.g bilingual)are encoded within one bitstream, The coding process is the same zs for the siereo
mode.

2.1.53 editing: The process by which one or more compressed bilstreams are manipolated to produce 4
new compressed bitstream. - Conforming edited bitstreams minst mezt (he requirements defined in this par of
ISO/IEC 11172

2.1.54 elementary stream [system]: A zeneric lerm for ose of the coded video, coded audio or other
coded bitstremns.

2.1.55 emphasis [audio]: Fltering applied to an andio signal before storage or iransmission o
improve lhe signal-to-noise ratio al high frequencies.

2.1.56 encoder: An embodiment of an encoding process.

2.L.57 encoding {process): A proerss, not specified in ISOMEC 11172, that reads a steam of input
pictures or audio samples znd produces 2 valid coded bitstream as defined in ISOAEC 11172,

2.1.58 entropy ceding: Yariable length Jossless coding of the digital representation of a signal 1o
reduce redimdancy.,

2.1.59 fast forward playback |videol: The process of displaying a sequence, or pans of a sequence,
of pictures in display-ordes fasier than real-time.
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2.1.60 ¥FT: Fast Fourier Transformation. A fast algosithm for performing a discretz Fourier transform
(an orthogoaal transiomm).

2.1.61 filterbank [audic]: A set of band-pass filters covering the entire avdic frequency range.

2.1.62 fixed sepmentation [audio]: A subdivision of the digital representation of an audio signz
into fixed segments of tme.

2.1.63 forbidderx Theterm "forbidden” when used in the clauses defining the coded bitstream indicates
that the valve shall never be used. This is usually 1o aveid emulation of start codes

2.1.64 forced updating [viden]: The process by which macrablocks are intra-coded from time-i0-time
to ensure that mismaich erors between the inverse DCT processes in encoders and deceders cannct build up
excessively.

21565 Torward motion vector {video]: A motion vector that & uwsed for mofion compensaticn from
arefercnoe picutre al an earlier time in dsplay oder.

21.66 frame [audio]: A part of the audio signal that comesponds o audio PCM samples from an
Audio Access Unit.

2.1.67 Free Tormat [audiok Any hitrate other than the defined bitmates that is less than the maxiooum
valid bitrate for each laver.

2.1.58 future reference picture [videe]: The future reference piciure is the reference picure that
occors al a later lime than the carrent picture in display order.

2.1.69 granules [Layer TI] [audio]: The set of 3 consecutive subband sampies from all 32 subbands
that are considered together before quantization. They corespond © 96 PCM sampkes.

2.1.70 granules [Layer II1} [audin]: 576 frequency lines that <arry their own side information.
21.71 group of piclures [video}: A series of one or more coded pictures intended to assist random
access. The group of picres is oneof the layers in the coding syntax defined in this pan of ISOVIEC
11172,

21.72 Hann window Jaudio]: A tiane funclion applied sample-by-sample to a block of audio samples
before Fourier ransformation.

2.1.73 Huffman codingt A specific method for entropy coding.

2.1.74 hybrid filterbank [awdis]: A serial combination of wubband fikedank and MDCT,

21.75 IMDCT [audie]: Inverse Modified Discrete Cosine Transform.

2.1.76 intensity stereo Jaudio]: A method of exploiting siereo irrelevance or redundancy in
stereophonic avdio programmes based an retaining athigh frequencies only the enerzy envelope of the right
and left channels.

2.1.77 interlace [video]: The property of conventional felevision picres where alternatisg lines of
the piciure represent different instances in Hme,

21.78 intra coding [video]: Codiug of a macroblock or picture that usss information only from (hat
macroblock or picmre.

2.1.79 intra<coded picture; [-picture [vides|: A picture coded using information only from itself.
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2180 ISO/IEC 11172 (mulliplexed) stream [system]: A bitstrzam composed of zéro or more
elementary streams combinad in the manner defmed in ISO/IEC 11172-1.

2.1.81 joint steree coding [andio]: Any meihad that explaits stereophonic irrelevance or
skereophonic redundancy,

2.1.32 jaint stereo mode [andiol: A mode of the andio coding zlgorithm using jeint stereo coding,

2.1,83 layer [nudie]: One of the kevels in the coding hiemrchy of the audio system defined m [SO/IEC
11172-3.

2.1.84 layer [vides snd systems|: One of the levels in the data hierarchy of the viden and sysiem
specifications defined im [SO/TEC 11172-1 and this part of ISO/IEC 111722

2.1.35 luminance (component) [video]: A mairix, block or single pel representing a monochrome
representation of the signal and related o the primary colours in the manner defined in COR Rec 601. The
symbol used for Juminanceis Y,

2.1.36 macroblock [videc]: The four § hy 8 blocks of luminance daw and the two comesponding § by
8 blocks of chuominance data coming from a 16 by 16 section of the luminance component of the picture.
Macroblock is sometimes wed to refer to the pel data and sometimes 0 (he coded representation of the pel
valuzs and other dafa elements defined in the macrablock loyer of the systat defined in this part of ISOAEC
11172 The usage is dear from the conxL

2.1.87 mapping [sadio]: Conversion of an audio signal frum time (o frequency domain by subband
filtering and/or by MDCT.

2.1.88 masking |audiof A property of the human auditory svsiem by whicl an audio signzl carmot be
perceived in the presence of anothes audio signal .

2.1.89 masking thresheld [audie]: A function in frequency and Gme below which an audio signal
cannot be perceived by the human auditory system,

21.90 MDCT [audio]: Modified Discrele Cosive Transform.

2.1.91 motion compensation [video]: The use of motion vectors to improve the eficiency of the
prediction of pel values. The prediction uses motion vectors 1o provide offsets into the past and/or future
refersnce pictures containing previotsly decodsd pel values that are used to form the prediciion efror signal |

21,52 motion estimation [video]: The process of estimating motion vectors during the encoding
process.

2.1.93 motion vector [video]: A two-dimensional vector wsed for motion compensation that provides
an offset from the coordinate position m the current picture to the cooidinaEs in 21 reference picture.

2.1.94 M5 stereo [audie]: A method of exploiling stereo imelevance or redundancy in stereophonic
andio programmes based on coding the sum and difference signal instead of ihe leftand dght channels.

2.1.95 non-intra coding [vides]: Coding of a macroblock or picture that uses information both from
itself and fromn macblocks and pictuies octuming at other times.

2.1.96 nop-tonal component [awdio) A poiselike component of an asdio signal.
2.1.97 Nyquist sampling: Sampling a1 or above twice the maximurs bandwidth of a signal,

2.1.98 pack [system]: A pack consists of a pack header followed by one or more packets. It is alayer
in the system coding synfax described in ISO/IEC 11172-1

2.1.99 paclet data [system]: Conmigucus byies of dam from an clementary stream preseat oo a packed.,
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2.1.100 packet beader |system]; The dala structure usad lo convey infornation about the elemeatary
stream data contained in the packe! data

2.1.101 packet [system]: A packet consists of a header followed by 2 nmmber of contignaus bytes
from an elementary dat stream. It 1s alayer in the system coding syntax described in TSO/IEC 11172-1.

2.1.102 padding Jaudio|: A method o zdjust the average l2ngth in time of an audio frame to the
duration of the carresponding PCM amplzs, by conditionally adding a siot to the audio frame.

2.1103 past reference picture [video]: The past reference piciure is the reference picur: that occurs
# an earlier time than the current picture in display oider.

2.1.104 pel aspect ratie [video]: The mtio of the nominal vertical height of pel on the dicplay to its
nominal horzontal width,

2.1.105 pel [vides]: Picture element.
2.1.106 picture period [video} The reciprocal of the picture rate.

21107 picture rate |video]: The nominal rae at which pictures should bz outpul from the decoding
[OcESS.

2.1.108 picture |vides]: Source, coded or reconstructed image data. A spurce or reconstructed picture
consisls of three rectangular matrices of 8-bitnumbers representing the lIuminance and two chrominance
signals. The Fictre layer is one of the layers in the coding syniax defined in this part of ISOIEC 11172,
Note that the term “piciure” is always used m ISOJEC 11172 in preference to the erms field or frame,

2.1.109 polyphase filterbank [audio]: A set of equal baadwidth fillers with special phase
interrelasionships, allowing for an efficient implementation of the flterbank.

2,1.110 prediction [video| The use of 4 predicior 10 provide an estimaie of the pel value or data
element currenlly being decoded.

2.1.111 predictive-coded picture; P-picture [video] A picture thal is cpded using motion
compensated prediction from the past reference picune,

2.1.112 prediction error [video]: The difference between the actual value of a pel or data element and
its predicor.

2.1.113 predictor [video]: A linear combination of previously decoded pel values or data zlements.

2.1.114 presentation time-stamp; PTS [systerm]: A ficld that may be preseni in a packst header
that indicates the time that a presentation wnil is presented in the system arget decoder.

2.1.115 presentstion unit; PU |system]: A decoded audio access unit of a decoded piclure.

2.1.116 psychoacoustic model [sudio|; A malhematical model of the masking behaviour of the
human anditory sysiem.

2.1117 quantization matrix [video|: A set of sixty-four 8-bit values used by the dequantizer,

2.1118 quentized DCT coefficients [video); DCT coefficienis before deguantization. A variable
kength coded representation of quantized DCT coefficients & stored as pan of the compressed video
bitstream.

2.1.119 quantizer scalefactor [video]: A daln 2lement represented in' the bilstrieam and vsed by the
decndmg process to scale the dequantization,
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2.1.120 random access: The process of beginning to resd and dzcode the coded bitstream at an arbitrary
point

2.1.121 reference pictere [video|: Reference pictures are the nearest adjacent 1- or P-pictures (o the
cumrent piciure in display order.

2.1.122 reorder buffer {video]: A buffer in the system target decoder for storage of a reconstracted 1-
pictare or & reconstructed P-piciure.

2.1.123 requantiztion [audio]: Decoding of coded subband samples in order to recover the criginal
quantized valees.

2.1.124 reserved; The term "reserved” when used m lhe clauses defining the coded bilstream indicates
that the value may be used in [he fuue for ISO/IEC defined cxiensions.

2.1.125 reverse playback [video|: The process of displaying the picture sequence in the reverse of
display order.

2.1.126 scalefactor band [audio): A set of frequency lines in Layer I which are scaled by one
scalefacior,

2.1.127 saalefactor index [audia]: A nwmerical code for a scalefdctor,
2.1.128 scalefactor [audio): Facor by which a st of values is scaled before (uantization.

2.1.129 segquence header [videol A block of dam in the coded Hisream confaining the coded
representation of a number of data elemenis.

2.1.130 side information: Tnformationr it the bitstream necessary for controlling the decoder,
2.1.131 skipped macroblock [video]: A macoblock for which no data are stored.

2.1.132 slice [viduﬂ: A szries of macroblocks. i is one of the layers of the coding syntax defined in
this part of ISONEC 11172

2.1.133 slot [audio]: A slotis an elementary part in the bilstream. In Laver 1 a slot eguals four bytzs,
in Layers T and IIT one byte.

2.1.134 source stream: A single non-multiplexed stream of samples before campression coding.
2.1.135 spreading function {andio]: A function that describes the frequency spread of masking.

2.1.136 start codes [system aod video]: 32-bit codes embedded in that coded bitstream that are
unique. They are used for sevenl purposes including dentifying some of the layers in the coding syntay.,

2.1.137 STD input buffer [system]: A first-in first-out buffer 2t the ioput of the system target
decoder for storage of compressed data from elementary streams befor: decoding.

2.1.138 stereo mede [audio]: Mcde, where two zudio channelz which form a stereo pair (left and
right) are encoded within one bitstream. The coding processis the same as for the dual channel mode.

2.1.139 sinffing (bits); stuffing (bytes) : Code-words that may be inseried imo the compressed
bitstream thalare discarded in the decoding process. Their purpose is to increase the bitrate of (he stream,

2.1.140 subband |andio]: Subdivision of the audio frequency band.

2.1.141 subband [filterbank [audio]: A set of band filters covermg the entre audio frequency mnge.
InTSO/EC 11172-3 the subband filterbank is a polyphase flterbank,
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2.1.142 subband samples [audio] The subband filterbank within the audio encoder creates a filtered
and subsampled representation of the input audio stream. The filtered samples are called subband samples.
From 384 time-consecutive input audio samples, 12 ime-corsccutive subband samplzs are generaicd within
each of the 32 subbands.

2.1.143 syncword [avdio]: A 12-bit code embedded in the audio bitstream thal identifies the start of a
frame,

2.1.144 synthesis filferbank [audio]: Filterbank in the decoder that reconstrucis a PCM audio
signal from subband samples,

2.1.145 system header [system]: The system header is @ data stucture defined in ISO/MEC 11172-1
that carries information semmarising the system characteristics of the ISONEC 11172 multiplesed stream.

2.1.146 system larget decoder; STD [system]: A hypothetical refersnce model of a decoding
process used w describe the semantics of an ISOVIEC 11172 multiplexed bilstream.

21.147 timestamp [system]: A teom that indicates the time of an eveat.

21.148 triplet [audio): A set of 3 consecutive subband sampkss from ose subband. A Iriplet from
each of the 32 subbands forms 4 pranule.

2.1.149 tonal component [audio]: A sinusoid-like comporent of an audio sigeal.

2.1.150 variable bitrate: Operation where the bitrate varies with time during the decoding of a
compressed bitstream.

2.1.151 variable length coding; YL.C: A rzversible procedure for coding thrat assigns shorter code-
woris to frequentevents and Tonger codz-words to fess fequent evenes,

21.152 video buffering verifier; VBY |video]: A hypothetical decoder thst i1s conceptially
connected to the outpul of the encodzr, Tts parpos: is to provide a constrainton the variability of the data
rate that an encoder or ¢diling process may produoce.

2.1.153 video seqquence [video]: A series of one or more groups of pictures, [t is one of the layers of
the coding syniax defined in this part of ISOTEC 11172,

2.1.154 dig-zag scanning order [video]: A specific sequential oidering of the DCT coefficients from
(approximately) the lowest spalial frequency to the highest
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2.2 Symbols and abbreviations

The mathematical operators used to describe this Intemational Siandard are similar o those used in the C
programming language. Howeves, integer divisiom with wuacation and rounding are specifically defined.
The bitwise operators are defined assuming twos-complement representation of ntegers. Numbering and
counting loops gererally begin from zero.

2.2.1 Arithmetic operators

+ Additon.

— Subtmction (a5 a binary operator) or nzgation (as a unary operalor).

++ [ncrement

-- Decrement.

& MultipEcation.

i Power.

/ fntegte divislon with inmeation of the result foward zera. For example, 74 and 7/-4 are
truncated o 1 and-7/4 and 7/-4 are runcated o -1.

W Integer division with rosuding to the nearest isteger. Half-mizger values are rounded away
:‘;cgllm unless otherwise specified. For example 3/2 is rounded to 2, and -3#2 is rounded

DLy Inieger division with truncation of the result towards -oo,

I Absdluie yalue |xl=xwhenx>0

Ixl=0when x==1{Q
[#l=-x whenx <0

i Modulus operaror. Defined only for positive numbers.
Sign( ) Simix) =1 x>0

0 x=0

-1 k<0

NINT( ) Neamstinteger operator. Returns the nearest migger valie 1o the real-valoed argument. Half-
inleger valoes are rounded away from zero.

sin Sine.

©os Cosine.

exp Expanential .

+ Siuare root.

l0g) o Logarithm to base ten.
log. Logarithm to base e
log Logarithm to basz 2.

2.2.2 Logical operators
i Logical OR.
&& Logical AND.
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! Logical NOT,

2.2.3 Relational operators

> (Greatzr than.

= Greater than or equal io,
< Less than.

<= Less than or equal 1o
= Equal to.

= Not equal (o,

max [,..,] the maximum valve in the argument list
min [,...] the minimum value in the argument list
2.2.4 Bitwise operators

A twos complement number representation isassumed where the bitwise operators are used.

& AND.

| OR.

5> Shift right with sign extezsion.
<< Shift left with zerp fill.

2.2.5 Assignment

= Assignment operator.

2.2.6 Mnemonics

The following maemonics are d:fined to desaribe the differens data types used in the coded bit-stream,
bsTbf Bit siring, left bit first, where "lefi" is the oriler in which bit strings are writien in

ISO/EC 11172 Bil strings 2re wrilizn as a string of 1s and s within single guoe
marks, ¢.g. '1000 0001". Blanks within a bit string are for ease of reading and bave no

significance.
ch Charnel. If ch has the value 0, the Ieft channel of a stereo sigrnal or the first of two
independent signak is indicated. (Awudio)
nch Nomber of chaanels; equal to 1 for ;mg!c_chamel mode, 2 in cther modes. (Audio)
or Granule of 3 * 32 subband samaples in audio Laver 11, 18 * 32 sub-band samples in

andio Layer [TI. (Audio)

main_data The main_data portien of the bilstream contains the scalefactors, Huffman encoded
data, and ancillary information. (Audia)

main_data beg The location in the bitstream of the beginaing of the main_data for the frame. The
location is equal to the ending Jocation of the previous frame's main_data plus ore bit.
Ttis calculated from the main_dats_end value of the previcus frame, (Audio)

part2_lcngth The number of main_data bits vsed for scalelactors. (Audio)

12
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tpchal Remainder polynomial coefficients, highest order first. (Audio)

sh Subbkend. (Audio)

shlimit The number of the lowest sub-hand for which no bits arz allocaled. - {Audio)
scfsi Scalefactor selectioninformation. (Audio)

swiich_point 1 Nomber of scalefactor band (long bleck scalefactor band) rom which point oo winidew
switching is used. (Audio)

switch_point_s Nnmber of scalefactor hand (short block sealefactor Land) fram which point on window
switching is used. (Audio)

wimshf Unsignzd inleger, most significant bit first.

vlelbf Variable Izngth code, left bit first, where "lefl” refers to the order in which the VLC
codes are wnitten.

window Number of the acmal time st in case of block _type=2, 0 £ window <2_ {Aundio)

The bye order of multi-byte words is most significant byte first

227 Constants
7 314159255358,
e 2_.71328132845. :

2.3 Method of describing bitstream syniax

The bitstream retrieved by the decoder is described in 2.42. Each data item in the bitsream is in bold type.
Ttis described by its name, its length in bits, and a moemonic forits type and order nf transmission, _

‘The action caused by adecoded data elzment in abitstream depends on the value of that data element and
on data elements previcusly decoded. The decoding of the data elements and definition of the state variables
used in their decoding are described in 2.4.3. The following constmcts arc used 10 expiess the conditions
when data elements are present, and are in normal type:

Note this syntax uses the C'-cade ecnvention thata variable or exprassion evaluating In & non-zero vaitie is
equivalen: 10 acondition that is true

while { condition ) { If tke condition is true, then the group of data elements occurs next

data_slermnent in the dam stream. This repeals untl the condition is not tue.
)
do {

data_element The data element always ocouss at Jeast once.

} while { condition ) The data element is repezted until the condition is not true,

if ( condition) { If the coxdition is true, then (he first grovp of data elements occurs
data_element next in the daia sirean.

}

else | If the condition is not w2, then the secoad group of data elements
data_element ocours next in the data sizeam.

- = =

Page 23 of 124 <

Petitioners HTC & LG - Exhibit 1004, p. 23



ISO/IEC 11172-2: 1993 (E) © ISO/IEC

for (exprl ; expr2; expr3) { exprl is an expression specifymg the initmlization of the loop. Normally it
data_element specifies the anitial stale of the cobnter. expi2 5 a condition specifying a test
ol A made before each iteration of the loop. The lpop terminates when e condition
} is mot ruz. expr3 isan expression thal is perfonned at the end of each fizration
of the lcop, nammally it incremenis a counter.

Nowe thal the most common usage of 1his consiruct is as follows:

for (i =0ii<mit+) { The group of data elements ocours ntimes, Coadilional constructs
data_element within the group of data elements may depend an the value of the
.o ibop control variable i, which is set 1 zere for the firt ocaarrence,
) incremented to one r the second pocurrence, and 3o jorh.

Asnoled, the group of data elements may contzin nested conditional constacis. For compactmess, the {)
may be omitied when only one data element folows,

daia_element [] data_element (] is an aray of data. The number of data elements is indicated by
the context.
dala_element [n] data_element [n] is the n4+1th element of an array of data.

data_element [m][n] data element [m][n]is the m+1Ln+ 1 th clement of a two-dmensioral aray of
data.

data_elemen! [[J[m][n] data_element {[]fm]n] is the I+1 m+1,0+1 th element of a three-dimensional
array of data

data_element [m..n] 5 the indusive range of bits betweer bit m and bit 0 in the data_element.

While the synitax is expressed in procedusal terms, it should not be assumed thal 2.4.3 implements a

satisfactory decoding procedure. In particular, i defines a comrect and error-free izpot bitstrean.  Actual

decodzrs mustinclde a means tolook for start codes in order wbegin decoding comectly, and w identify

errors, erasures or insertions whilz decoding. The mzthods to identify thesz situations, and the actions tobe

taken, are not sandardized.

Definition of bytealigned function

The function bytealigred () returns 1 if the curent position is on a byte boundary, that is the next bitin the
bikstream is the first bit in a byte. Otherwiss it retums 0.

Definition of nextbits function

The Funiclion rextbits () permits comperison ofa bit strmg with the n2x{ bits io be decoded n the
bitstream.

Definition of next_start_code function

The next_start_code fimction removes any zerobitand e byte swuffing and Jocates the next stant code.

Syniax No. of bits Mnemonic
next_sart oode() {
while [ bytealigned() |
zero_bit i nye
while ( nexthis() = 0000 0000 0000 D000 DOHO OGO )
zero_byte t “40000000"

This function checks whether the current position is bytealigned. [€ it i< not, zero stuffing bits are present.
After that any number of zero bytes may be present before the start-code. Therefore start-codes are always
bytealigned and may be precedad by any number of zero stffing bits,

14
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2.4 Requirements
2.4.1 Coding siruclure and paramefers
Yideo sequance

A onded video sequence comunences with a sequence header and is followed by oie or more groups of
pictares and is ended by a sequence_end_code. [mmediately before each of the groups of pictures there may
ke a sequence header. Within cach seguence, pictures shall be decodable continnously,

In each of these repeaied sequence headers all of the data elements with the permitied exception of those
defing the quantization matrices (load_intra_quantizer_matnx, Ioad_non_intra_quantizes matrix and
optiomally mtsa_guanlizer_matrix and non_intra_quantizer_matrix) shall bave the same values as in the first
sequence header. The guantization matrices may be redefined cach time that a sequence header ccours in the
bitsiream. Thuos the data elements load_inwa_qguantizer mammx, load non_inlra_guantizer_matrix and
optionally intra_quantizer_matrix and non_intra_gquantizer_matrix may bave any (mou-forbidden) valoes.

Repealing the sequence beader allows the data elements of the initial squence header to be repeated in order
that random aceess into (he viden sequencs is pussible. Inaddition the guantization matrices may be
changed nside the video sequence as required.

Sequence header

A video tequence beader commences witli & sequence_header_cadeand is followed by a seres of data
demcats,

Group of pictures

A group of pictures is a wries of one or more coded picures intended to assist random access into the
sequence. [n (he stored bitstream, the firstcoded picture in a group of piclures is @n I-Pictare. The order of
the pictures in the coded sueam is the order in which the decoder processes them in nonmal playback. In
particular, adjacent B-Picturesin the coded stream are in display order. The last coded picture, in display
order, of a group of pictures is either an I-Piclur or 2 P-Picture.

The fallowing is an example of groups of pictures taken from the begiming of a video sequence. In this
example the first group of picises contgins seven pichwes and subsequent groups of pictures contadn nine
pictures, Thesw are two B-piclures berween suceessive P-pictures and also two B-pictures between
suceessive [- and P-pictures. Picwire '11 is used to form a prediction for picture *4P", Pictures 4P aud '11
are hoth wsed 1© form predictions for picmres 2B and "3B'. Therefore the order of piciures in the codzd
sequence shall be "1, 4P, '2B", "3B". Howeyer, the decoder should display them in the order 1T, '28', "33,
4P,

At the encoder input,

1 2 3 4 5 6 7|8 9 10 i1 12 13 14 15 16017 18 19 20 21 22 23 24 25
B B P BB P|B B 1 B P B R P|BE B | B B P B B P

Al the encoder oulpul, 1 the storad bilstream, and at the decoder mput

1L 12 16 14 150119 17T 18 22 20 21 25 23 24

I:.szz?sa'maq_s
1 P B 1 BB P B BP 3 E|Jl B R P BB T B B

B F B B

where the double vertical bars mark the gronp of pictures boundaries. Note that in this exzmple, the Ffirst
group of pictures is two pictures shorter than subsequent groeps of pictures, since at the beginming of video
coding there are no B-piciures preceding the first [-Picture. However, in general, in display onder, here may
be B-Picures preceding the first I-Pictuse o the group of pictures, even for the first group of pictures to be
decodedl.
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At the decoder output,

1 2 3 4 5 8 7 8 2 10 1) 12 |3 14 15 16 17 18 19 20 21 22 23 24 25

A group of pictares may be of any lenpth. A group of picures shall contain ane or more I-Pictares,
Applications reqairing random access, fast-forward playback, or [ast and normal reverse playback may use
relatively shon groops of pictures. Groups of piciures may also be started at scene cuts or other casss
where motion compensaton is inzffactive.

The number of consecolive B-Picues is vagable. Neither B- nor P-Piclures nesd be present.

A video sequence of groups ol pictures that & read by the decoder may be different from the one atthe
encoder output due (0 ediling.

Picture

A soufce or reconstructed picture consists of three rectangular matrices of eight-bit numbers; a Liminance
mawix (Y), and two chrominance matrices {(Cband Cr). The Y-matrix shall have an even nunber of rows
and columns, and the Cb and Cr matrices shall be one half the size of the Y-matrix in both horizontal and
verlical dimensions.

The Y, Cb znd Cr compaonents are relaied to the primary (analoguz) Red, Green and Blue Signals CE'R. E‘G

aﬁE‘B)asdc;c:'ibod in CCIR Recommendation 601. These primary signals are gamma pre-comected. The

assunmed value of gamina is not defined in this part of [SOAEC 11172 but may typically be m the region
approzimaiely 2.2 Lo approximately 2,8. Applications which require accurals colour reproduction may
choose to specify the value of gamma mare accurately, but this is outside the scope of this pan of ISOTEC
11172,

The luminance and chromisance samples are posilioned as showa in figure S, where "1" marks the position
of ¢ luminance (Y) samples and "0 marks the position of the chrominance (Cb and Cr) samples:

3 X I x x | x x
0 | 0 | 0

1 X | x X | x X

1 X ! x X | X x
0 t 0 | 0

b x I X X | X %

1 x | x x | x x
0 I 0 | 0

X X | X 1 | X X

Figare 5 - The position of luminance and chrominance samples.
There are four types of coded picture that use different coding methods.
An Intra-coded picture (I-picture) is coded using information only from (usell.

A Predictive-coded picture (P-picture) is a piclure which is coded using motion compensated
prediction from A pastI-Picire or P-Picture.

A Bidirectionally predictive-coded picture (B-picture) is a picture which is coded nsing motion
compznsated prediction from a past and/or future I-Piciur: of P-Pichre.

A dc coded (D) pictare is coded using information only from itself Of the DCT coefficients only the
dconzs are present The D-Piciures skall not be in 4 sequence containing any other picture types.
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Slice

A slice is a szries of an arbitrary namber of macroblocks with the order of macioblocks starting from the
upper-left of the pictare and proceeding by master-scan order from left to right and {op to bottom. The first
and last macroblocks of a slice shall not be skipped maaroblocks (see Z4.4.4). Every slice shall contain at
least one macroblock, Slices shall not overlap and there shall be no gaps between slices. The position of
slices may change from picture to picture, The first slice shall stadt with the frst maeroblock in the picture
and the last dice shall end with the last macroblock in the picture,

Macroblock

A macroblock contzins a 16-pel by 16-line section of luminance component and the spatially coresponding 8-pel by
8dine section of each chrominance component. A macrobledk bas 4 lTuminance blocks and 2 chrominance blocks. The
term "macroblock” can refer (o source or reconstructed data or to scaled, quantized coefficients. The order of blocks in a
macoblock is top-left, top-right, dotiom-1efl, bottom-right blocks for Y, followed by Cb and Cr. Figure 6 shows the
arangementof these blocks. A skipped macroblock is one for which ne information is stared (see 2.4.44).

0 |1 4 1 L[5
2 |3

Y Ch Cr
Figure 6 — The arrangement ol blocks in a macrohblock,
Block
Ablock is an orthogonal 3-pel by 8-line secion of a luminance or chrominance component.

The term "block” can refer either to source and reconstructed dataor lo the corresponding coded data
elements,

Reserved, Forbidden and Marker bit

The terms "reserved” and "forbidden” are wced in the description of some values of szveral fizlds in the coded
bitstream,

The lerm “reserved” indicates that the valu: may be used in the foture for ISONTEC-defined ¢xtznsions.

The erm *forbidden” indicates a valve that shall never be vsed (usually i ordzr 10 aveid emulation of start
codes).

The erm “marker_bit" mdicates a ong bit fiekd in which the valig zero is forbidden. These marker bits are
introduced al several points in the syntax © avoid start-code emulation.
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2.4.2 Specification of the coded videa bitstream syntex

2.4.2.1 Siart codes
Start codes are reserved hit patierns that do nototherwise pecur in the video stream. Al start codes are
hytealigned.
Namne Hexadecaimal value
pichare_stan_code 00000100
slice_stari_codes (incloding slice_vertical _positions) Q0101
through
OMXO1AF
reserved 000180
reserved 00000181
user_dat_siar code 00000182
secpence_heades_oode 0000183
sequence_emmor_code 00000184
extEnsion_stant_code 00185
reserved MO01B6
sequence_end_code 0000187
group_start_code 00000188
system stant codes (see note) D000D1BY9
through
000 IFF
NOTE - System start codes are defned in ISOTEC 11172-1,

‘The use of the start codes is defined in the following syntax description with the exception of the
sequence_emor_code. The sequence. ermor code has been allocated for use by the digiml storage media
interface 1o indicate whese uncorrectable erors bave been detected.

2.4.2.2 Video sequence layer

Synlax No. of bits Mpemonic
viden_sequencef) {
nexi_start_code
do
seqnence_headao(}
do |
group_of_pictures()
} while ( nexbil() = group_start_code )
} while [ nexibits() = sequence._header code )
sequence_end_code 3z bslbrl
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2.4.2.3 Saquence header
Syniax No.of bits Mnemonic
sequence_ieade() [
sequence_header_code 32 bslbf
horizontal_size 12 vimsh(
vertical_size : 12 uimsh!
pel_aspect_ratio £l wimshl
picture_rate 4 uimsh/
bit_rate 18 wimsb/
marker_bit 1 o A
vbv_buffer_size 10 wimshf
consirained_parameters_flag : i
load_intra_guantizer_matrix 1
if {load_intra_guantizer_matrix )
infra_guantizer_matrix || B*64 uimsh{
load non_intra_guantizer_matrix 1
if (load_non_intra_quantizer_matrix )
mon_intra_quantizer_matrix [] g*+6d wimsbf
next_stan_code()
if (nextbits() = exiensioo_start code ) {
extension_start code 32 bslbF
while { nexbils ) = 0000 00D0 0000 0000 0000 C00L" ) |
seqquence_exiension_data 8
; next_start_coded)
if (aextbits() = user_data_stast_code ) |
user_data_siart_code 32 bslbf
while ( nextbits() != "C000 00C0 0000 D000 000 0001 ) |
user_data B
)
next_start_code()
)
]
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2.4.2.4 Group of pictures layer
Syntaz No. of bis Mnemonic
groop_of_pictures() |
group_start code iz bslbf
time_code 25
closed_gop 1
broken_link 1
next_start_code()
if ( nexibits() = extension_strt code) |
extension_ start_code a2 bslbf
while ( nextbits() != 0000 0000 0000 0000 DOJO0001") |
group_extension_data 8
i
next_sta_code()
)
if( nexibits() = user_dala_start_code ) |
user_data_start_code 12 bslbf
while ( sextbits() 1= 0000 0000 0000 D00 DODO 000" ) |
user_data B
}
next_start_code()
}
do {
} while ( aexthits() == piclure_start. code )
1
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2.4.2.5 Picture layer
Svatax No of bits Mnemonic
picure() (
picture_start_code 31 bslbf
temporal_reference it uimshf
picture_coding _type a uimsbf
vbv_delay ' 16 uimshbf
if ( (picture_coding type == 2) | (picure_coding type==3)) |
full_pel forward_vector 1
forward_f code 3 uimshf
}
if { picture_coding_type==13) |
Full_pel backward_vector 1
backward_{_code 3 uimsbf
}
while (nextbits() =="1") |
extra_bit_picture 1 “r
extra_information_picture 8
extra_bit_pictere 1 "
next_start_code)
if (nexibitsQ == extension_start_ccde) |
extension_start_code 32 bslhl
while ( nextbits() != T000 000 0020 QOG0 0000 0001 ) |
picture_extension_data &
i
next_start_code()
}
if ( pextbits() = wser_data_stt_cede ) | :
user_data_start_code . 32 bslbf
while { nexibits() != D000 0000 00X 0000 D000 O001" ) {
nser_data 8
H
next_start_code()
1
do {
sliced)
} while (nexthits() == slice_start_code )
|
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2.4.2.6 Slice layer

Svatax No. of bits Mremouic
slice() |
slice_start_code 32z bsibf
quantizer_scale s uimsbi
while (nextbits() ="1') {
extra_bit_slice 1 "
extra_information_slice B
extra_bit_slice 1 "o"
do {
macroblock()
) while ( nextbits() !="000 DOCO DOD 00D 0000 BOOT' )
} next_start_code()
z.4.2.7 Macroblock layer
Syntaz No. of bits Mremonic
macroblock () {
while { nextbits() == "0000 0001 111°)
macroblock_stuffing 11 vielbF
while ( nexthits() == 0000 0001 000" )
macroblock_escape 11 viclbf
macroblock_address_increment 1-11 viclbrF
macroblock_type 1-6 vielbi
if ( macroblock_quant )
quantizer_scale 5 wissbf
if ( macroblock metion_forward ) [
motion_horizontal_forward code i-11 viclbrl
if ( (forward_f 1= 1) &&
(motion_horizontal_forward code '=0)) )
motion_horizental ferward_r 1-6 aimsbi
motion_vertical forward_code i-11 vlclbf

if ( (forward_f1=1) &&
(motion_vertical forward_code 1=() )
molion_vertical forward_r 1-6 uimsbi

}
if { macrobleck_motion_backward ) |
metion_herizontal _backward code 1-11 vicIhf
if { (hackward fl=1)&&
(motion_horizontal _backward_code 1= 0) )
motion_horizontal_backward r 1-6 wimsbi
motion_vertical backward_code 1-11 vicihf
if ( (hackward_f'=1) &&
(motion_vertical_backward_code =0))
motion_vertical_backward r 1-6 wimshi

}
if ( macroblock_pattern)
coded_block_pattern 3-9 vielbf
for [ i=0; i<6; i++ )
block{ 1)
if ( picwre_coding_fype ==4)
end_of_macroblock 1 "
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2.4.2.8 Block layer
Syntax No. of bits Mremonic
block(i) {
if ( patteen_codzfil ) {
If { macoblock_inta ) {
if (i<d ) {
det_de_size_laminance 2-7 viclbf
ifidc_size_luminance !=(0)
det_de_differential 1-8 uimsbf
]
else |
det_de_size_chrominance 2.8 viclhf
ifidc_size. chrominance |=(])
dct_dc_differential 1-8 uimsbf
)
}
else
det_coeff_first 2-28 vielbf
P
If (picthure_coding_type i=4) {
while { nextbits() ="10")
det_coefT_next 328 viclbf
end_of_block 2 vielbf
i
}
]
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2.4.3 Semantics for the video bitstream syntax

2.4.31 Video sequence layer

sequence_end _code -- The sequence_end _code is the bit string 00000187 in hexadecimal. It terminates a
video sequence.
2.4.3.2 Sequence header

sequence_beader_code - The sequence_beader_code is the bit string (0000183 i hexadecmal. Tt
identifies the begmning of a sequence header.

horizental_size — The honizonti_size is the width of the displayable part of the luminance component
m pels. The width of the encoded luminance component in macroblocks, mb_width, is
(borizontal_size+15)/16. The displayable part of the pictuse is left-aligned in the encoded picture,

vertical_size -~ The vertical_size is the beight of the displayatle part of the luminance camponent
pels. The height of the escoded lnminance component in macroblocks, mb_height. is
(vertical_size+15)/16. The displayable part of the pictue s top-aligned in the encoded piciure,

pel_aspect_ratie - This is a four-bit integer defived in the following tsble.

[ El_asnm_ratio height/width exanple
a0on forbidden
110,01 1.0000 VGA et
1o 0.6735
0011 07031 16:9, 625line
Q10 07615
(L0 08055 I
(1) § 1] 0.8437 16:9, 525line
0111 0.8935
1000 09157 ‘CCIRE01, 625line
1001 09815
1010 10255
1011 10695 -
100 1,0950 CCIR601, 525line
101 1,1575
i1 12015
1mn feserved

picture_rate - This is a four-bit mteger defined i the following fable,

‘ﬂ‘ménm i‘%g
0000 forbidden
0001 23,076
0010 24
0011 25
0100 2997
0o 30
0110 50
0n 59,94
1000 60
111 reseryed

Applications and encoders should take i aceount the fact that 23,976, 29,97 and 3994 are not exact

represzniations of the nominal picture rate. The exact values are found Trom 24 00071 001, 30 000/1 001,
and 60 000/1 001 and can be derived from CCIR Repon 6244.
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bit_rate — This is an integer specifying the bitrate of the bitstream measured in mits of 400 bits's,
roanded upwards. The value zem is forhidden. The value 3FFFF (11 1111 1111 1111 1111) identifies
variable bil rate operation,

marker_bit — This is one bit that shatl be set o 1",

vby_buffer_size -- This is a 10-hit mteger defining the size of the VBV (Video Buffering Venfier, see
annex C) buffer needed to decode the sequence. It is defined as:

E=16*1024* vbv_buffer_size
where B is the minimum VBV buffer size in bitsrequired 1o decode the sequence (see annex C).

constrained_parameters flag -- This is 3 one-bit flag which may be set to "1" if the following data
element meet the following consiraints:

horizontal_size <= 768 pels,

vertical_size <= 576 pels,

((horizontal_size+15)/16) *((vetical_size+15)/16) <= 395,
((horizontal_size-+151/16) *({vertical _size+15¥16))*picture_rale <= 396¥25,
picture_raie <=30 pictures/s.

forward_f code<=4 (see 2.43.4)

backward £ code <=4 (see 2.4.3.4)

If the constrained_parameters_flag is set, then (he vby_buffer_size field shall indicate a VBV buffer size less
than or equal to 327 680 bits (20*1024*16; 1.e. 40 kbytes).

If (ke constramed_parameters_flag is set, then the bil_rate feld shall indicate a coded dat mte less than or
equal to 1 356 (05 bits/s.

load_intra_gquanfizer matrix -- This is a one-bit flag which is st to "1° if an intra_quantizer_matrix
follows. Llitis setto 0" then the defaull values defined below in raster-scan order, are vszd uncil the next

oceursnes of the sequence hzader,
4 16 19 22 26 21 Pt 34
16 16 ps 14 27 29 M 37
19 22 26 27 29 34 H 38
22 22 26 27 29 3 37 40
22 26 7 19 32 33 40 18
26 27 2 12 35 4 48 38
26 27 .l 14 38 46 56 69
27 29 a5 18 46 56 & B3

intra_gquantizer_matrix — This is a list of sixty-four 8-bit unsigned inlegers. The new values, stored
the zigzag scanning ocder shown in2.4.4.1, replace the default values shown above, The value 7em &
fobidden. The vahie for intra_quant{D]{0] shall always be 8. The new values shall be in effect uniil the
pext ocourence of a sequence header,

load_nop_iotra_guantizer_matrix — This is a one-bit flag which is set t¢ "1" if &
non_intra_guantizer_mairix follows. If it isset te "0" then the defanit values defined below are used mmiil
the next ocrurence of the sequence header,

16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 1o 16 16 16 16 16 16
16 16 16 L6 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 16 16
16 16 16 16 16 16 15 16
16 16 16 16 16 16 16 16
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non_inira_quantizer_matrix - This is a list of sixty-four 8-bit mnsigned mizgers, The new values,
stored in the zigzay scanning order shown in2.4.4 |, replace (he default values shownabove, The vale
zero is forbidden. The new yvalues shall be ineffect until the nex: ocowrence of a sequence header.

extension_start cede -- The exiension_start_code is the bit string H00001B5 in hexadecdmal. It
identifies the beginning of extensiondata. The extenzion data continue wntil receipt of another start code.
It is a requirement to parse extension data comectly.

sequence_extension_dsta -- Reserved

user_data_start code — The user_data_start_code is the bir string D00001B2 in hexadecimal. It
identifies the bzginting of userdata. The user data continues until receipt of another stant code.

user_data — The user_data is defined by the users for their specific applications, The user daa shall not
contain astring of 23 or more rem hits,

2.4.3.3 Group of pictures layer

grolip_start_code — The grobp_sturt_code 1 the bit string D00001B8 in hexadecunal. Tt identifics the
beginning of a group of pictires, -

time_code — This 15 a 25-bit field contining the following: drop._frame_flag, tme_code_hours,

ume. cods_minutes, marker_bil, time code seconds and time_code_pictures. The fields comespond to the
fields defined in the [EC standard (Publication 461) for “tine and control codes for video tape recorders™ (see
anngx E). The code refers to the first picture in the group of pictures that has a temporal_reference of zero.
The drop_frame _flag can be set to either "0" or 1", It may be set 1o 1" only if the picture raie is
29.97Hz. If it is "0" then pictures are counted assuming ronnding to the nearest integral number of pictures
per second, forexample 29,97 Hz would be rounded 0 and counted as 30 Hz, Ifit s "1" then picture
vumbers D and 1 at the start-of each minute, exzept minutes 0, 10, 20, 30, 40, 50 are omitted from the
count.

time_code

dop_frame_flag
time_ccde_hours
time_code_mimotes
marker bit

time code seconds
time code picturcs

closed_gop — This is 2 one-bil flag which may be set to "1” if the group of pictures has been encoded
without motion VECIOFS poindng © the previous group of pictures.

This bit is provided for use during any editing which ocours aiter encoding. If the previous groop of pictres
is removed by editing, broken_link may be setto " 1" so that a decoder miy avoid displaying the B-
Picures immediately following the first 1-Picture of the group of pictures. However if the closed_gop
bit indicales that there are no prediction references to the previous group of pictures then the editar may
choose not {0 setthe broken_link bit as these B-Piciures can be correcidy decoded in this case.
broken_link — This is a one-bit fag which shail be set to "0" during encoding. It is set o "1" 10 indicate
that the B-Pictares immedialely following the first I-Picure of a group of pictures cannot be correctly
decoded because the other I-Picture or P-Picture which is used for prediction is not available (because of the
action of editing).

A decoder may use this flag (0 avoid displaying pictures that cannok be camectly decoded.
extension_stari_code - See 2432,

group_extension_data —- Reserved.

user_data_starl_code — Sec 2432,

user_dafa — See 2437
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2,4.3.4 Picture layer

ISO/IEC 11172-2: 1393 (E)

picture_start_code - The picture_start_code is a suring of 32-bits having the value 00000100 in
hexatecimal.

temporal_reference -- The temporal_refesence is a 10-bit unsigned integer associated with each input
picture. Itis incremented by one, modulo 1024, for cach input pictwe. For tbe earliest picture (in display
order) in each group of piclures, the iemporal_reference is reset 1o zero.

The emporal_seference is assigned (i sequence) 1o the pictures in display order, no tempoml_reference shall

be omitted from the sequence.

picture_coding type -- The pictere_coding_type identifies whether a picture is an intra-coded picure(]),
predictive-caded pictare(P), bidirectionally prediciive-coded pichurz(B), or intra-coded with only dc
ceefficients piciure(D) according to the following table. D-pictares shall never be included in the same

video sequence as the other piclure coding types.

Eclum coding tg

0650
001
010
(11
100
101

111

codm e mathod
forbidden '
inia-coded (T)
predictive-coded (P)
bidirectionally-predictive-coded (B)
e ntr-coded (D)
reserved

viv_deay - The vby_delay is a 16-bit unsigned intzger. For constant bitrate operation, the vbyv_delay
is nsed w0 set the initial oczupancy of the decoder’s buffer at the startof dezoding ihe pichore so that the
decoder's baffer does not averflow or underflow. The vby_delay measures the time needed to fll the VBV
buffer from 4n miialty empty stale at the target bit rate, R, 1o the correct level immediately before the

current pichire is ramoved from the huifer.

The value of vby_delay is the oumber of periods of the 90kHz system clock that the VBV should wait after
recciving the final byte of the pictre startcode, It may be calanlated from the state of the VBY = follows:

*®
srbv_deiayn =90 000 * Bn IR

where:
n>0

L ]
Bn = VBV occupancy, measured in bits, immediately before removing picture o from the

bufifer butafier removing any group of picturs layer dals, ssquence header daia
and the picture_start_code that immediately precedes the daa elemaents of
picture n.
R = bitrate measurad in bits/s. The full precision of the bitrate rather than the sounded
value enceded by the bit_rate field m he sequence header shall be used by (he

encader in the VBV model.

For non-constant bitrate operation viv_delay shall have the valie FFFF in hexadecimal.

full_pel_forward_veclor -- If set to "1", then the motion vector values decoded represent integer pel
offseis (ralher than half-pel units) as reflected i the equations of 2.44.2.

forward_{_code — Anunsigned integer taking valaes 1 trough 7. The value zero is forbidden. The
variables forward_r_size and forward £ used in the process of decoding the forward motion vectors are derived

from forwand_f code as describzd in 24.42

full_pel_backward_veetor — If sel 10 "1", then the motion vector values decoded represent ineger pel
offsets (rather than half pel mits) as reflected in the equations of 2.4.4.3.
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badkward f_code -- An unsigned mteger taking values 1 through 7. The value zero is forbidden. The
variables backward_r_size and backward_f used in the process of decoding the backward motion vectors are
derived from backward_F_code as described in 2.4 4.5,

extra_bit_picture - A bit indicates the presencz of the following extra information. If
extra_bit picture isset to "1", extra_information picture will follow it. If it is set to "0", there are no data
following il

extra_information_picture -- Reserved.
extension_star! code - See 2.4.32.
picture_extension_dala — Reserved.
user data_starl code — See 243.2.
user_data -- See 2.43.2,

2.4.3.5 Slice layer

slice_start_code - The slice_start_code is a string of 32-bifs. The first 24-bils have the value 000001
in bexadecimal and the last 8-bits are the slice_ventical_position having a value in the range O through AF
hexadecimal wclusive.

slice_vertical_positlen — This is given by the last eight bits of the slice_start_code T is am unsigned
mteger giving the vertical position in macroblock umis of the first macoblock in the slice. The
slice_ventical_position of the first row of macroblacks i one. Some slices may have the same
slice_vertical_positon, since slices may start and finish anywhere. Note that the slice verfical_position is
constrained by 2 4.1 to defire non-ovedapping slices withno gaps between them. The maximom. value of
slicz_vertical_positionis 175.

quantizer sesle -- Av unsigned ini2ger in the range 1 to 31 vsed toscale the recanstruction Tevel of the
retricved DCT ccefficient levels. The decnder shall use this value until another quantizer_scale is
encountered either at the shice layer or the macroblock layer. The valve zero is forbidden.

extra_bit_slice -- A it indicates the presence of the following exira information. 1f extra_bil_slicz is
seeto 1%, exira information_slice will follow it 1f itis setto (0", there are no data following it

extra_information_slice — Reserved.

2.4.3.8 Macroblock layer

macroblock stuffing -- This is a fixed bit string "00C0 0001 111" which can be inserted by the encoder
to increase the'bit rate to that required of the storage or vansmissios medium. It is discanded by the decoder.

macroblock_escape — The macroblock_escape is a fixed bit-string "0000 0001 CO0" which is used
when the difference between macroblock_address and previous_macroblock_address is greater than 33. It
causes the valie of macroblock._address_increment to be 33 greater than the value that will be decoded by
subsequent macroblock_escapes and the macroblock_address_increment codewords.

Forexample, il there are two macroblock_escape codewords preceding the macroblock_address _increment,
then 65 is added o the value indicated by macroblock_address_increment

macroblock_address_increment — This & a variable length coded integer coded as per table B.1 which
indicales the difference between macroblock_address and previous_macrobleck_address. The maximoum
vaue of macroblock_aldress_increment is 33. Values greater than this can be encoded using the
macroblock_escage codeword.

The macoblock_adiress is a variable defining tie absolute position of the current macroblock, The
macroblock_addess of the top-left macroblock is zero.
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The previcus_macmohlodk_address is 2 varisble defining the absolute position of the last non-skipped
macroblock Ges 244 4 for the definilion of skipped acroblocks) except al the start ol a slice. At the start
of a dlice, previous_macroblock_address is reset as follows:

pevious_macroblock_address=(slice._vertical positon-1)*mb_width-1;

The spatial position in macroblock units of a magrobleck in the piciure (mb_row, mb_colunm) can be
computed rom the macroblock_address as foUows:

mb_row = macroblock _address / mb_width
mb_column = macroblock _address % wb_width

where mb_width is the number of macroblocks m one row of Lhe picture.
MOTE - The dice_vertical _position differs (rom mb_row by one.

macroblock_type -- Vaneble length coded indicator which indicates the method of coding and content of
the macotlock acconling o 1he tables B.2a through B.2d.

macroblock_quant-- Derived fiom macoblock_type.

mactoblock motion_forwaed -- Derived from macroblodk_type.

macrobloct_mation_backward — Derived fiom macroblock_type,

macrobloce_patiern -« Derived from macoblock _type.

macroblock_fata — Derived from macroblock_type.

quantizer _scale - An ansigned irteger in the range | to 31 vsed o scale e reconstruction level of the
serieved DCT cocificient levels. The value zero is forbidden, The decoder shall use this value unfil another
quantizer_scale is encountered either at the slice kyer or the macroblock layer. The presence of
quantizer_scale is determined fram macroblock_tvpe

motion_borizontal_Forward_code -- motion_bhorizontal_forward_code i decoded according 0 tible
BA. The decoded value is required (along with forward_f - cee 2.4 42) to decide whether or not
motion_harizontal_forward_r appears in the bitstream.

motion_horizontal_forward_r — An unsigned integer (of forwasd_r_size bits - 2¢2.4.42) usadin the
pmcess of decoding forwand moton vectors as described in 2,442

motion_verfical_forward_code -~ motion_vertical_forward_code is decoded according to lable B4,
The decoded value is reguired (along with forward_f - see 2.4.4 2) 1o decide whesher or not
motion_vertical_forward_r appedrs in the bitstream.

motion verfical forward_r -- An unsigred inteper (of fornard 1 size bils - see 2.4.4.2) used in the
pincess of decoding forward motion vectars as described in 2.44.2,

motion_hortzontal_backward cede — molion_horzontal_backward_code is decoded according to
table B.4. The decoded value is required (along with backward_{ - see 2.4.4.2) to decide whether or not
motion_horizontal_backward_r appears in the bitstreamn.

motion_borizontal_backward_r — An unsigned mieger (of backward _r_size bits - se¢ 24.4.2) used in
the process of decoding dackward motion vectors as described m 2.44.2.

nwtion_vertical_backward_cede - motion_vertical_backward_code is decoded according to wble B 4.
The decoded value is required (abng with backward_f) 1o decide whether of not mation_vertical_badkwand_r
appears in the bitstreain,

motion_vertical_backward_r — Ap ussigned integer (of backward_r_size bits] used in the process of
decoding backward motion vectors as descrbed in 24.43.
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coded block_pattern - coded block_pattern is a vanable length code that is used 1o derive the vanable
¢bp according to table B.3, If macroblock_iatra is zero, chp=0. Then the pattern_code[i] for =010 5 s
denved from chp using the following:

pattern_codeli] = (;

if ( cbp & (1<<i5-)) ) pattern_codeli] = 1:

if ¢ macroblock_intra ) patem_codefi] =1 :

paitern_code[((] ~ If 1, then the upper Izft luminance block is tobe received in this macroblock.
patiers_code[1] — If 1, then the upper dght lsnmnance block s to be received in this macrobleck.
patiern_code[2] — If 1, then the lower I2f1 luminance block is to be received in this macroblock.
patiern_code[3] — IF 1, then the Tower right luminance Hlock is o be received in this magoblack.,
patiern_code[d] — If 1, then the chrominance block Ch is © be received i this macroblock.
patiern_code[5] — If 1, then the chrominance block Cr is to be received in this macoblock.
end_of _macroblock -- This is a bil which is set fo "L" and exists only in D-Piclures.
2.4.3.7 Block layer

dct_dc_size_laminance — The nunber of biws in the following dci_de_differental code,
dc_size_Tuminance, is derived according (o the V1O 1able B 5a Notz that this data element is used ininbra
coded blocks.

det_de_size_chrominance — The number of bits in the following det_de_differenial code,
dc_size chuominance, is derived according to the VLCtable B.5b. Note thatthis data elzment is usedin
intra coded blocks,

det_dc_differential — A variablz length unsigned integer, If do_size luminance or de_size. chrominance
(as appropriate) is zerq, then det_de_differential is not present in the bitstream.  det_ze [] is the armay of
quantized DCT coefficents in zig-zag scanning order. dot_ze[i] for i=0.63 shall be sct to zero mmitially. IE
de_size, luminznce or de_size_chrominance (as appropriate) is greater than zero, then det_zz[0] is compated
as follows from dee de differential;

For lumipance blocks:
if ( dd_dc_differential & { 1 << (dc_size luminance-1))) det zz[0] = deg_de_differential |
els= det_zz[(1 = [ (-1) << (dc_size_luminance) )| (et de differential+ 1) ;

For chrominance blocks:
if (da_de_differential & ( 1 << (dc_size_chmminance-13)) det_rz[0] = det_de_differeatiaf ;
else det_zz 0] = | (1) << (dc_size_chrominance) ) | (det de_differential+l) ;

Note that this data dlement 15 wsed o intra coded blocks,

ezample for dc_size_luminance = 3
det, de_differeniial ﬁmEzz[ﬂ]
000 -7
001 -6
010 -5
D11 v
100 4
141 5
110 6
[ 111 7

det_coefl_first — A variable length code acoording to 1ables B.Sc through B.5E for the first coefficient.
The variables mmand lovel are derived according to these bles, The zigrag-scanned quantized DCT
coefficient fist is updatzd as follows.
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i=mn;
if | s=0) dor_zz[i]=level ;
if (s=1) dct_zz[i]=- level ;

The tenns det_coef_frstand det_coeff_next are nun-kength encoded and det_r2(i). i>=0 shall be se! w zero
initially, Avariable length cade according 1o tables B.5c through B.5f is used © weprescnl the mn-length
and level of the DCT coefficients, Note thart this data element is used in non-inira caded blocks.

dect_coeff_mext — A variable engh code according (o tables B.5c through B.5F for coefficienis following
the first retrieved. The variables run and level are derived according to these tables. The zigzag-scmned
quantized DCT eoefficient listis updated as follows.

=i+mn+l ;
f(s=0)det_zAqi]=lerel;
f (s==1)dct zzi]=- level ;

T macrobleck_intra = 1 then the @rm i shall be set 1 2ero before the first det_coeff mext of the block.
The decoding of dci_coell_next shzll nol cuse i o exceed 63,

end_of_block «- This symbol is always used o indicate thatno additional no-zero coeficients are
present. It is used even if det_zz 67) is non-zero, Iis value isthe bit-string "10" as defined in table B Sc.

3
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2.4.4 The video decoding process
Compgliance requirements Far decoders are contained in ISO/TEC 11172-4.
2.4.4.1 Intra-coded macrablacks

In Ipictures all macroblocks are intra-cdad and stored. In P-pictures and B-piclures, some macroblocks
may te inta-coded as identified by macroblock_type, Thus, macrobleck_intra identifies the inira-coded
macroblecks.

The varisbles mb_mow and mb_column locae the macroblock in the picture. They are defined i 24.3.6.
The dofinitions of det_de_differential, and dei_coeff_next also have defined be zigzag-scanned quantized DCT
coefficient list det_zz[). Eachdoy_zz[] is located in the macroblock as defined by patiern codef].

Define det_recon[m][r] o ke the matrix of recensiructed DCT ooefficients of the block, where the first index
identifies the 1ow and the second the column of the matrix. Defmedct dc_y_past, dct de_th_past and
dci_de_o_past i be the det_recon[0][0] of the most secently decoded intra-coded Y, Cb and Ci blocks
respectivelv. The predictors det_dc_y_past, det_de_cb_past and del_dc_cr_past shall all be reszt at the start
of a slice and 1t non-intracoded macroblocks (including skipped macroblocks) to the value 1 024 (128*8).

Define intra_quant(m] n] 1o be the inkra qeantizer matriz thatis specified inthe sequence header.

Nete hal intra_guant[0][0] is used in the dequantizer calculations for simplicity of description, but the result
is overwritien by the snbsequent calculatinn for the de coefficienst.

Define scan[m}[n] o be the matrix defining hezigzag scanning sequence & follows:

0 1 5 6 14 15 Zj 28
2 4 7 13 16 26 29 42
& B 12 17 25 30 41 43
g 11 13 24 i1 40 H 53
10 19 213 32 39 45 y A
20 22 33 38 46 51 53 &0
21 34 37 47 50 56 59 61
35 36 43 45 37 58 2 @3

Wheie nis the horizontal index andm is (he vertical mdex.

Defire pasi_intrg_addwess as the macroblock_address of the most recently retrieved intra-codzd macroblock
within the slice. 1tshall be reset to -2 at the begirming of each slice

Then dei_recon[m][n] shall be computed by any weans equivalent to the following procedure for the first
lumirance block

for (m=0; m<8; m++) |
for m=0; n<B; n++) |
i=scanfm](n];
det_reconfm}fn] = (2 * det_rzli] * quantizer_scale * intra_guani[mjfn] ) /16 ;
if (( det_recon[m]fn] & 1) =10)
dei_recan[m}[n] = det_recon[m:] [n] - Sign{dct_recon[mind ;
if (dct recon[m][n] > 2 047) det_recon[m][n] =2 047 ;
if (dct_recoalm][n] < -2 (48} dct_reconfm][a] = -2 048;
)
]
da_recon[0][0] = dct_zz{0] * § ;
if ( { macroblodk_address - past_intra_address> 1) )
det_recon[D][0] = (128 * 8) +dci_jecon[D]D] ;

det_recon[0}0] = det_dc_y_past+ det_recon{01[0] 3
dot_dc_y_past = det_econ[D]D] ;

Note that this process disallows even valeed numbers. This has bean foundd to prevent accurmulation of
mismatch errors,

else
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For the subsequent lominance blodks in the macroblock, in the order of the list defined by the armay
patiem_code(]:

for (m=0; m<§; m++) |

for (n=0; n<8; ni+) {
i =scan[m][n] ;
det_recon[m]n] = ( 2 * det_zz[i| * quanizer_scale * intra_quantm][n] ) 716 ;
if ( (det_reconfm]n) & 1)==0)

det_recon[m][n] = det_reconfmi[n] - Sign(der_reconm]ind) ;

if {(det_recon[m][n] > 2 347) dcl_reconfm]n} =2 047 ;
if (det_recon[m][n] < -2 048) det_reconm][n} = -2 048 ;

|

)
det_recon(0)[0] =dd_de_y_past + (det_z2[0] ¥ B)
det_de_y. past = det_recon[0j[(] ;

For the chrominance Cb block,;

for (im=0r. m<8; m++) {

for (u=0; n<8, 1) |
i = sean[m][n] ;
der_reconfm|[n} =( 2 * doi_zz[i] * gquantizer_scale ¥ intra_quant(m[n] ) /16 ;
if ( (det_reconfmin] & 1) =10)

det_recon[m]fn] = det_reconm|[o] - Sign(dct_recon[m][n]) ;

if(det_recon[m) ] > 2047) dat_secon[m](n: =2 047 ;

I if (det_recon[m][n] < -2 048) det_recon[m][n] = -1 (48

zlcl;_rmlﬂﬂﬂl =dct_z2{0] * 8;

if ( { macroblock_address - past_ntza_address ) >1)

e det_recan[01[0] = (128 *8) + dei_recon[0][0] ;
del_recon[0][0] = det_de_ch_past +det_recan[0]]0] ;

dot_dc_ch_past =dct_recon[DI{0] ;

For the chrominance Cr biock, &

for (m=0; m<%; m++) {

for (n=0; n<B; ) |
i=scan[m](n] :
det_reconm|n] =( 2 *da_zz[i] * quantizer_scale * inua_guandm|[n] ) /16 :
if ( (da_reconfmio] & 1)=10)

det_recon[m][a] = det_recon(m)[n] - Sign{del reconfm]ng;

if (dct_recon[m]}{n} > 2 047) da_recon[m](n] =2 047 ;
if (det_recon[m][n] < -2 48) det_recon[m]{n] = -2 (M8 ;

)

)
der_recon|D][0] =dct_zz[0] * 8;
if { ( macroblock_address - past_intra_address } > 1)
dect_recan[0] [0} = (128 * 8) + dct_recon[0][0] ;
else
det_recan[0][0] = det_de_cr_past+ dct_recon[CI[0] ;
det_de_cr_past= dei_recon[0][0] ;
After all the blocks in the macroblock are processed:
pasl_intra_address = macmoblodk_address ;
Values in the coded dat elements leading to det_recon[0][0] < 0 ordct_recon|0][0] > 2 047 ar2 not permitted,

Once the DCT coefficients are reconstructed, the inverse DCT transform defived inamex A shall be applied
Lo obtain the inverse transformed pel values in the range [-256, 255). These pel vzlues shall be limited to
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the range [0, 255] and placed in the luminance and chirominance matnoes in the positions defined by
mb_row, mb_column, and the Estdefinzd by the array patlem_code[l.

2.4.4.2 Predictive-coded macroblocks in P-pictures
Predictivevoded macroblocks in P-Picomes are decoded in two sieps.

First, the value of the forward motion vector for the macroblock is reconstrucied and a prediction
macroblock is formed, as detziled below.

Second, the DCT coefficient information stored [or same or all of the blocks is decoded, dequantized, inverse
DCT iransformed, and added o the prediction macroblod.

Let recon_right_for and recon_down for be the reconstructed horizontal and vertical compoaents of
the motion vector for the current macroblock, and recon_right_for_prev and recon_down_for_prev be the
reconstructed motion vectar for the previous predicti ve-coded macoblock. If the current macroblock is he
first macroblock in the slice, or if the last macrodlock that was decoded contained no motion vector
information {cither because itwas skipped or macroblock_motion_ furward was 7em), then
recon_right_for_prev and recon_down_for_prev shall be sef (o zero.

If no forward motion vestor data exisis for the current mmnblnck (either becanst it was skipped or
macroblock_motion_forward = 0), the motion vectors shall be sel (o zero,

If forward metian vector data exists for the current macroblodk, then any mems equivalent to the follbowing
procedure shall be used [0 reconstract the motion vecior horizontal and veriical components.

forward_r_size and forward_f are derived from forward_f_code as follows:

forward_r_size = forward_[_cods - 1
forward_(= 1 << forward_r_sizi

if ( {(forward_f = 1) li (motion_horizoatal_forwand code==0]) |
complement_herizontal_forward_r ={);

) else
camplement_horizontal_forward 1= forward_f- 1 - motion_horzontal_forward r;

}

if ( (forward_{ = 1) l(motion_vertical forward_code==0) )
complement_vertical forward_1=0;

| else |

}
right_litle = monon_horizontal_forward_code * forward_f;

if (right_litle= 0) {
righi_big = 0;
} else {

canplement_vertical forward_r = forward_£ - 1 - motion_vertical_forward_r;

if (vighl_little > O) {

right_little = right_little - complement_horizontal _forward_r |

right_big =right_litde - (32 * forward_f);

) else | -
right_little = right_litte + complement_borizontal_forward_r;
right_big =right lirtde + (32 * forward_[);

34
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down_little = motion_vertical_forward_code * forwand_f;
if (down_litde =0) (
down_big = (;

il (down_litde >0) {
down_little = down_littlc - complement_vertcal forwvard r;
down_big = down_liltle - (32 * forward_f);

Jele {
down_litthe = dowa_litte + complemeni_vertical_forward 1 ;
down_big = down_little + (32 * forward_h;

felse {

Values of forward_f, motion_borizontal_forward_code and i present. motion_horizontal_forward_r shall ke
such that sight_litde is not equal 0 forward_f * 16.

Yalues of forward_£, motion_vertical_forwani_code and if present, motion. vertica!_forwand_r shall be suca
that down_little is not equal to forward_[ * 16,

max=( 16* forward_f)- | ;
min={( -16 * forward_f ] ;

rew_veclor= recon_night_for_prev + righi_liite ;
il ( (mew_vector <=max) && (new_vector >= min) )
recon_right_for= recon_right_for_prev + right_little ;
else.
recon_right_for= recon_righl_for_prev + right_biz ;
reoon_right_for_prev = recon_right_for ;

if ( full_pel forward_vector } recon_right_for= rwon_right_for<<1;
new_vecior= recon_down_for_prev + dows_Titk ;
if ( (new -vector c=max} && (new_vector >= min) )

recon_down_for = recon_down_for_prey + down_Eitk ;
else

reoon_down_for = recon_down_for_prey + down_big ;
recon_down_for_prey = recon down_for ;
if ( full_pel_forward_vector) recon_down_for =recor_down_for << 1 ;

The mation vectors in whole pel units for the maaroblock, right_for and down_for, and the hadf pel unic
flags, right_hal{_for and down_half_for, are compuied a5 follows:

for luminance for chrominance
right_for= recon_right_for >> 1; right_for = (recon_right_for/2) »>> 1 ;
down_for =recon_down_for>> | ; down_for = (recon_down_for /2 )>> 1,

right _half for=recon_nght_for- (2*right_for) ; right_half_for =vecon_right_{or2 - (2*night_for) ;
down_half_for=recon_down_for- @*down _for); || down _half for= recon_down_for/l - (2*down_fon);

Motion veztors leading to references outsice a reference picture's boundaries are not allowed.

A positive value of the reconstrucied honzonial motion vector (right_for) indicates that the referenoed area of
the past reference picture is © e right of the macroblock in the coded picture.

A positive value of the reconstractzd vertical motion vector (down_for) indicates that the referenced area of
the pastreference picture is below the macroblock in the coded pictuse.

Defining pel_past[}[] as the pel valoes of the past piclare referenced by the forward motion vector, and
pel[§l] s the predictors for the pel values of the block being decoded, then:

if ( (! right_hal_for)&& (! down_half_for))
peXiljl= pel past(i+down_for](j+ight_for] ;
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if ( (! right_half for) &£& down_half for)
pel(i)j] = ( pel_past{n-down_for](j+nght_for] +
pel_past[i+down_for+1|[j+right_for]) 2

if{ right half for && (! down_haif for))

pel[i][§] = ( pel_pasi[i+down_for}[j+righi_for] +
pel_past[i+down_for] []+ngernr+IJ) ne;

if { right half_for && down_bali_for )
pel(il§] = ( pel_past[i+down_forl[j+right_for] + pel past[i+down_for+11jj+right for] +
pel_past[i+down_forl{j+right_for+1] + pel_past+down_for+ |{j+nght_fors1| )/ 4 ;

Define non_inra_quani[m][n] (o be the nen-intra quantizer matrix thal is specified in the sequence header,

The DCT coefficients for each block presentin the mmcmblock shall be seconstrected by any means
equivalent to the following procedurs:

for ( m=0; m<8; 4+ ) |
for (0=0; n<B;m++) {
i=scanfm][n];
det_recon[m](n) = ( ( (2 *dct_ze[i)) + Sign(det_zz{i])) *
quantizer_scale * non_intra_guant[m][n] } / 165
i ([ dct_recon[m][n] &1)=10)
det_reconm]in] = 8et_reconfm[n] - Sign(dcl_reconfmIul) 3
if (dci_recon[m)[a] > 2047) dei_recemfm]n] = 2047 ;
if (det_recon{m]{n] < -204R8) det_recomfin](n] = -2048
if (det_zzfi]=0)
det_recon[m}in] =0;

}
dct_recon[m]{n] = 0 for all-in, n in skipped macoblocks and when pattem|i] == 0.

Once the DCT coefficients are reconsirucied, the inverse DCT transform defined in annex A shall be applied
10 obtain the inverse transformed pel values in the interval [-256, 255]. The inverse DCT pel values shall
be added to the pel(i](fl which were computed above vsing the motion veciors. The result of e addition
shall be limited © the inerval [0,255]. The location of ths pels is determined from mb_row, mb_colamn
and the patern_code list

2.4.4.3 Pradictivﬁ-coded macroblocks in B-pictures
Predictive-coded macroblocks in B-Fictires are decoded in four Sieps.

First, the value of the forwasd motion vector For the macroblock is reconstructed from the retrieved forward
motion vector information, and the forward molion vector reconstructed for e previous macrblock. asing
the same procedure as for calcnlating the forward motion vectorin P-picures. However, for B-pictures the
previous reconstrudted motion vectars shall he resetonly forthe first macroblock in aslice, or when the
last macroblodk that was decoded was an mitr-coded macroblock. IFno forward motion veclor data exists for
the current macroblock, the motion vectors shall be obtained by

recon_right_for = recon_right_for_grey,
recon_down_for = recon_down_[or_prev.

Second, the value of the backward motion vecter for the macioblock shall be reconstructed from the
retaeved backward motion vecior information, and the backward motion vector reconsiructed for the
previgus mactoblock vsing the same procedire as for caleulating the forward motion vecior in B-pictnses,
In this procadure, the vanables needed to find the backward motion vector are substituled for the variables

needed to find the forward motion vector. The variables and coded daa dements used to caleulate the
backwand motion vector are:

1econ_right_back_prev, recon_down_back prev, backward_f_code, full_pel_backward_vector
motion_heorizontal_beckward_code, motion_harizonal_backward_r,
motion_vertical backward_code, motion_vertical_backward _r,
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backward_r_size and backward_Fare denived fram backward_f_code as follows;

backward_r_size =backward £ code -1
backward = 1<<backward_r_size

The following variables resull from applying the algorithm in 2.44.2, modified as describedin the
previous paragraphs in this clanss:

right_for vight half for  down for  dowa_hall_for
right_back right_half bark down back  down_half_back

They define the integeal and half pel value of the fightward and downward components of the forward motion
vector (which references the past picture in display order) and the backward motion vector (which references
the future picure in display order). |

Third, the-predictors of the pel values of the block being decoded, pel [1[], are caleulated. T only forward
moticn vecior infommiation was retrisved forthe macroblock, then pel(]{] of the decoded picure shall be
calculated according o the formulas in 24.4.2. 17 only backward motion vector information was retriaved
for the macroblock. then pel[1(] of the decoded pictare shall be ealeulated actording to the forinulas in the
predictive-coded macrobiock clanse, with "back” replacing "for”, and pel_fawre[][] replacing pel_past[][]. I
both forwand and backward motion vectors mformation are retricved, then ket pel_for{][] be the valus
calculated from the past piciure by use of the réconstructed forwarll motion vector, and let pel_back[][] be
the value calculaied from the futere picture by use of the rconstructed backward moton vector. Then the
value of pel[](] shall be caleulated by:

pel] = (pel_tfor(1[]1 + pel_back{’[1 ) #2;
Define non_inira_guant[m][n] tobe thz non-inwa quantizer matrix that i specificd in the sequence heades.

Fourth, the DCT coefficients for each bleck present in the macroblock shall be reconstrucizd by any means
equivalent Lo the following procedure:

for ( m=0; m<§; m++ ) {
for ( n=0};, n<§; ni+) |
i=scan|m][n] ;
det_recon(mn][n] = ({ @ * det_rzfi]) + Sign{det_zfi]) ) *
quantizer_scale ™ non_intm_quantiinin] ) 16 ;
if {( det_recon[mlin] &13=0}
det_recon[m]n] = det_recon[m]{n] - Sign{da_reconfm](n]) ;
if (der_recon[m]in] > 2 (47) det_recon[m](n) = 2047 ©
if (dc_recon[m]n] < -2 04%) dot_recon[m][n] =-2 (48
if (dat_zz[l=10)
dot_reconfmul=0;

]
dct_recon[mi[n] =0 for all m, n in skipped macreblocks and whern patternli] = 0.
Once the DCT coefficients are reconstructed, the inverse DCT ransform defined in aimes A sball be applied
to obiaii the mverse transformed pel values in the range [-236, 255]  The inverse DCT pel values shall be

adied w pel[1[], which were computed above from the motion vectors. The result of the addition shall be
limited (0 the interval [0,235], The location of the pels is determined from mb_row, mb_column znd the

paltem_code list.

2.4.4.4 Skipped macroblocks

Far some macroblocks there are no coded data, that is neither motion vecror mformation por DCT
infonnarion is available 1 the decoder. These macroblocks are callzd skipped macreblocks and are indicated
when the macroblock_address_increment is greater tham 1,

In I-pictures, all macroblocks shall be coded and there shall be a0 skipped macroblocks.
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In P-pictures, the skipped macroblock is defined o te 2 macroblock with a reconstructed motion vecior
equal [o zerm ané no DCT coefficients.

In B-pictures, the skipped macroblock js defined to have the same macroblock_type (forward, backward, or
hoth motion veciors) as the priormacroblock, differential motion vectors equal to zero, andno DCT
coefficients, In a B-picture, a skipped macroblock shall not follow an istra-coded macroblock,

2.4.4.5 Forced updating

This fimetion is achieved by forcing the use of an inlra-coded macrobloack, The update pattem is not

defmed. For control of accumulation of IDCT mismaitch ¢rror, each macroblock shall be intra-coded at least
once per every 132 imes it is coded in a P-pichire withou! an intervening [-piclure.
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Annex A
(nommnative)

8 by B8 Inverse discrete cosine transform

The 8 by 8 inverse discrele cosine transform for I-pictures and P-pictures shall coaform to IEEE Draft
Standard, P1180/D2. Jaly 18, 1990. For B-pictures this specification may zlso be applied but may be
unnecessarily stringznl. Note that davse 2.3 of P11BI/D2 "Considerations of Specifying IDCT Msmatch
Emrors" requires the specification of periodic inra-ceding in order to contol the accumulation of mismatch
emors. The maximum refresh penod requirement for this part of ISO/IEC 11172 shall be 132 intra-coded
pictures or predicive-coded pictires as stated o 2.44.5, which is the same as indicated in P118OYD2 for
visual ielepbony according o COTT Recommendation H.251 [SL
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Introduction

Annex B
(rormalive)

Variable length code tables

D ISOVIEC

This annex contains the variable length code tables for macroblock addressing, macroblock type,
macrcblock pattern, motion vectars, and DCT coefficients.

B.1 Macroblock addressing
Tzhle B.1. -- Variable length codes for macroblock address_increment.

macrblock_address_ increment macroblock_address_ increment

ncrement VLLC code valve increment VLC code value

[ 1 0300 0101 10 17

011 2 0200 0101 (1 18

010 3 0000 0101 €O 19

0011 4 0000 0100 11 20

0010 5 0000 0100 10 21

0001 1 6 0200 0100 €11 21

0001 D 7 0200 0100 C10 23

0000 111 8 0200 0100 01 24

0000 110 g 0200 0100 00 25

0000 1011 10 0000 0011 111 20

0000 1010 11 0000 (D11 110 27

0000 1001 12 0200 0011 101 28

0000 1000 13 0300 0011 100 29

00000111 14 0000 011 €11 30

00000110 15 0000 0011 010 3]

00000101 11 16 0000 0011 001 a2
0200 0011 COO 33
000 0001 111 macroblock_suffmg
0000 0001 GO0 rmacohlock escape
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B.2 MWacroblock type
The propertizs of the macoblock are determined by he macroblock type VL.C according to these tables.

Table B.2a. -~ Variable length codes for macroblock type in intra-coded
pictures (I-pictures).

macroblock_ | macroblock_ | macroblock | macroblock | macroblock. | macroblock

typeVLC code | quant molion_ mouon_ Falem intra
forvard hackward

1 0 0 0 0 1

4] 1 (0 {) ¢ 1

Table B.Zb. -- Variable length codes for macroblock_type in predictive-coded

pictures (P-pictures),

macroblock_ || macroblock_ | macrodlock_ | macroblock_ | macroblock_ | macroblock_
typeVLC code || quant motion_ motion_ rattsm intra

! forwanl ackward

1 0 1 0 1 0

101 0 0 0 1 0
001 0 1 ] (1} 0

| 00011 0 ] 0 0 1

| 00010 1 1 0 1 0

| 00001 1 0 0 1 ]

1000001 1 a [ { 1

Table B.2¢. -- Varjable length codes for macroblock type in bidireclionally

predictivecoded pictares (B-pictures).

| macroblock | macroblock_ | macroblock_ | macroblock_ | macroblock | masrobleck_
| ypeVLC code || quant motion_ motion_ pattzrn intra
forwanl hackward

|10 ( 1 1 0 0
11 (Q 1 1 1 (
010 Q 0 1 0 (
011 Y 0 1 1 0

| 0010 0 1 Q 0 U
10011 0 1 0 1 ¢
100011 0 0 0 0 1

| 00010 1 1 1 1 0
000011 1 1 { 1 ¢

000010 1 0 1 1 0

000001 it 0 0 { 1

Table B.2d. -- Variable length codes for macroblock type in dec intra-coded
pictures (D-pictures).

macroblock_ macronlock_ | macoblock_ | macoblock. | macroblock_ | macroalocke

typeVLC code | quant motion_ motion_ jatliie sl mira
foreeand backward

1 ( 0 g 0 1
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B.3 Macroblock paitern

Table B.3. -- Variable lengith codes for coded_block_pattern.

coded_block_pattern codad_block_pattern ||
VI.( code i cbp VLC code chp
1L 60 0001 1100 35
1101 4 0001 1011 13
1100 8 0001 1010 49
1011 16 001 1001 21
1010 32 0001 1000 41
1901 1 12 0001 01 11 14
10010 43 0001 0110 50
1000 1 20 0001 0101 22
1000 0 40 0001 0100 42
01111 28 0001 0011 15
0L11 0 M 0001 0010 51
0110 1 52 0001 0001 23
01100 56 0001 00D 43
0101 1 1 0000 1111 25
0101 0 61 0000 1110 37
0100 1 2 0000 1101 26
0100 0 62 0000 1100 33
0011 11 24 0000 1011 29
0011 10 36 D000 1010 45
0011 01 3 0000 1001 5
0011 00 63 0000 1000 57
0010 111 5 0000 0111 30
0010 110 9 0000 0110 46
0010 101 17 0000 0101 54
0010 100 33 0000 0100 58
0010 011 6 0000 0011 1 3t
0010 010 10 0000 0011 ¢ 47
0010 001 18 0000 0010 § 55
0010 000 34 0000 G010 0 59
0001 1111 7 0000 0001 1 27
0001 111D 1t 0000 0001 0 39
0001 1101 19
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E.4 Motion vectors
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Table B.4. -- Variable length codes for motion_horizontal_forward_code,
motion_vertical_forward_code, motion_horizontal_backward_code, and
matien_vertical backward_code.

Page 53 of 124

mation
VLC code

code

DON0 0011 001
00000011 011
000011 101
00000011111
0000 0100 001
0000 0100011
D000 0100 11
00000101 1
00000101 11
00000111
00001001
0000 1011
0006 111

0001 1

0011

011

1

010

0010

00010

0000 110
0000 1010
0000 1000
0000 D110
0000 0101 10
0000 0101 00
0000 D100 10
0000 D100 010
0000 D100 000
0000 DOL1 110
({00 DOL1 100
0000 DO11 010
0000 DALT 000

43
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B.5 DCT coefficients

Teble B.Sa -- Yariable length codes for dct_de_size luminance.

| VLC codz {| dct_dc_size_hmninance
100

00

01

101

110
ilie
11110
111110
1111110

[="- IR I W RS L N . Y

Table B.5b. -- Variable length codes for dct dc_size_chrominance.

VIL.C code dct_dc_size_clmominance
00 0
01 1
10 P
110 3
1110 4
11110 5
111110 6
1111110 7
11111110 8

44
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Table B.5¢. -~ Variable length codes for dot_coeff Mirst and dct_coeff_next

det_ccefl_festand det_coefl_next
varable length code  (NOTEL) || run level
10 end_of_block
ls (NOTE2) 0 1
1is (NOTE3) 0 1
011 s 1 1
0100 5 0 2
0101 s 2 1
00101 s 13 3
Q0111 & 3 1
0011 D s 1 1
0001 10s | 2
0001 115 5 1
0001 01s i} 1
0001 DO s 7 1
0000 110 s 0 4
0000 100 s 2 2
0000 111 s 8 1
6000101 s 9 1
0000 01 escape
0010 0110 s 0 5
0010 X001 s 0 6
0010 0101 s 1 3
0010 D100 5 3 2
00100111 s 10 1
0010 D011 s I 1
0010 DOLO s 12 1
0010 0000 5 13 1
0000 01010 s 1] 7
0000 0011 00's 1 4
0000 D010 11 s 2 3
DODO NOIT 11 s i 2
0000 201001 s 5 2
0000 0011 10s 14 1
0000 0012 Ot s 15 1
0000 D010 00 s 16 i
NOTES
1 - The last bit 's* denotes the sign of the tevel, ' for positive
"1’ for negative.
2 - This code shall be used for dc;_coeff_first.
3 - 'Thiscode shall be used fordc: coeff_next

45
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Table B.5d. - Variable length codes for dect_coeff_first and dct coeff next.

Page%ﬁ of 124

da_coeff_firgt and dot_coefl pext

nn

fzvel

variable length code  INOTE)
¥ |

0000 0001 1101 s
0000 0001 1000 s
0000 0001 0011 s
0000 0001 0000 s
0000 0001 1011 s
0000 D001 0100 s
0000 (01 1100 s
0000 0001 0010 s
0000001 1110 s
0000 0001 0101 s
0000 0001 0001 s
00000001 1111 s
0000 0001 101C s
0000 0001 1001 s
0000 0001 0111 s
00000001 011C s
0000 0000 1101 0s
000000001100 1 s
00000000 1100 0 s
0000 0000 1011 1 s
0000 0000 1011 Os
0000 000G 1010 1 s
0000 0000 1010 Os
0000 0C00 1001 1 s
0000 0C00 1001 0s
0000 0000 1000 15
0000 0000 1000 0's
0000000 1111 1 s
00000000 1111 0s
0000000011101 s
00000000 1110 0s
0000000011011 s

(- RS . N TR P o N o N W

-

L e S S T N N ] L I S U FC R B S e I )
TREGR

NOTE - The last hit v denotes the sign of the Tevel, 'C" for positive,

‘1" for negative.
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Table B.5e. -- Variable length codes for det_coeff first and det_coeff_next (concduded).

Page 57 of 124

det_coefT_first andda_coeff_next

varisble lengthcode  (NOTE) || i level

0000 0000 0111 11 = 0 16

0000 0000 0111 10 s 0 17 |
0000 0000 0111 01 5 0 18
Q000 0600 0111 €0 s 0 19
0000 0000 011D 11 5 0 20

0000 0000 011D 10 5 0 21

D000 G000 011D 0T s ] 22

0000 0000 0110 00 5 ] 23

0000 0000 0101 11 5 ] 24

0000 0000 0101 10 5 ( 25

D000 0000 0101 01 5 4 26

D000 0000 0101 00 s 0 27

0000 0000 0100 11 5 0 28

D000 0000 0100 10 5 0 29

DO0O 0000 0100 01 s 0 30

(X000 0000 0100 (0 s 0 31

D000 0000 0011 (90 & 0 32

0000 0000 0010 111 s 0 33

DODO 0000 0010 110 5 0 3

0000 0000 0010 101 & 0 35

D000 0060 0010 100 5 a 36

0000 00D D010 011 5 0 37

D000 0000 0010 010 5 0 38
0000 000G 0010 Q01 5 0 39
D00 000 0010 000 5 0 40

DODO 0000 0011 111 5 1 8

DODO 00O D011 0 s 1 9.

00 0000 0011 101 s 1 10

0000 0000 D011 100 s 1 11

0000 0000 0011 011 5 1 12

0000 0000 0011 010 5 1 13

0000 0000 0011 001 s 1 14

0000 0000 0001 0211 s 1 15

0000 0000 D001 0010 s 1 16

0000 0000 0001 00K s 1 17

D000 0000 0001 Y00 s 1 18

D000 0000 000 G100 s 6 3

0000 0000 0001 1010 s 11 2

D000 0000 0001 1001 s 12 2

D0G0 0000 0001 1000 s 13 2

2000 0000 0001 011l 8 14 2

D000 0000 0001 0110 s 15 2

D000 0000 0001 0101 s 15 2

0000 0000 0001 1111 8 27 1

0000 0000 0001 1110 5 28 1

0000 0000 0001 1101 s 20 1

0000 0000 0001 1100 s 30 1

D000 0000 0001 1011 s Y | 1

NOTE - The last bit 's” denotes the sign of the level, 0’ for positive, i
'1' for negative, .
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Table B.5F. -- Encoding of run and level following an escape code either as 2 14.-bit
fived length code (-127 <= level <= 127) or a8 a 2Z-bit fixed length code
(-255 <= level <= 118, 128 <= level <= 255).

{Note - This yields total escape code lenpths of 20-bits and 2Z8-bits respectively).

fized length code l nn fixed length code level
forbidden 256
1000 0000 0000 0001 255
1000 0000 0000 0010 =254

1000 0000 0111 1111 || -129
1000 0004 1000 0000 -128

1000 0001 27
1000 0010 126
[IIRY 63 1111 1110 )
111 111 A
farbidden
0000 0001 1
0111 1111 127

0000 3000 1000 00C0  { 128
0000 0000 1000 0001 || 129

0000 0900 1111 1131 )| 235

Page B8 of 124
Petitioners HTC & LG - Exhibit 1004. p. 58



©ISO/EEC ISQIEC 11172-2: 1993 (E)

Annex C
(nomative)

Video buffering verifier

Consunt rzte coded video bitstreams shall meat constraints inposed firough a Video Buffering Verifier
{VBV) defmed in davse C.1.

The VBV is abypothetical decoder which is conceptially connected o the oulput of an encoder. Coded data
are placed in the input buffer of the model decoder at the constant bitrate that is being used, Coded data is
removed from the buffer as defined in C.1 4, below. Itis a requirement of the enceder {or cditor) that the
bitstream it produces will not canse the VBV input buffer to either overflow or underlow,

C.1 Video buffering verifier

C.1.1 The VBV and the video eaceder have the same clock freguency as well as e same picture rate, and
are operated synchronously.

€C.1.2 The YBY has an input buffer of sizs B, where B is given in the vbv_buifer_size fizld in the
sequence header.

C.13 The VBY input buffer is initialty empty. Afier filling the inpul buffer with all the data that
precedes the firgt picture start code and the picture start code itself, the input buffer is filled from the
bitstream for the lime spacified by the vbv_ichy field in the viideo bitsirezm.

C.1.4 Allof the picture datafor the picture that has been in the buffer ldn@sl is instantznenusly
removed. Then afier each subsequent piciure interval zll of he picture data for the picture which at that
time has beex in the buffer longest is mstantaneously removed.

For the purposes of thisannex picture data includes any sequence header and group of pictorelayer
dala that inmedialely precede the picture start code as well as 21l the picture data elementsand any
trailing stuffing bits or bytes. For the first coded picture in the video ssquexnce, any zend bit or
byte stuffing inmnediaiely preceding the sequence header is zlso included in the picture data.

‘The VBV buffer is examined mmediately before removing any picture data and immediately after this
picture data is removed. Each limethe VBY is examined ils occupancy shall lie between zero bits and B
bits where, B is (he size of the VBV buffer indicaled by vbv_bulfer_size in the sequence header.

This is 4 reqjuirement for the entire video bilstream.
To meet these requirements the number of bits for the (n+17th coded picture l.'lh+1 shall satisfy

dn+l > Bn + 2R/} -8

'Jml <= B]1 + (R/P) Real-valved arithmefic is used in (hese inequalites.

0>={
B = VBY receiving buffer size given by vbv_buffer_size * 16 384 bits.
Bn = the buffer occupancy (measured in bits) just after time £ 5

B =bilrate measured in bits/s. The full precision of the bitrate rather than the rounded
value cicoded by the bit_rzte field in the sequence header shall be used by the
eneoder in the VBV model.

P = pominal number of pictures per second

L L= ithe time when the n'th coded picturz is removed from e VBY buf(er
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A Sequence & GOP bits
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Figure C.I -- VBV buffer occupancy
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Annex D

(informatve)

Guide to encoding video

D.1 Introduction

This annex provides backgrousd material to belp readers mndesstand and implement this part of ISOAEC
11172, The normative clauses of this part of ISOMEC 11172 do not specify the design of adecoder. They
pravide even less information about encoders; they do not spedfy what algorithms encoders should zmploy
in order to produce a valid bitstream. The normative material is wrilten in a cencise form ard contains few
examples; conseguently & noteasy lo inderstand. This annex atempts 1o address this problem by
exphining coding methods, giving examples, ad discussng encoding and decoding alzonthms which are
not directly covered by this part of BO/IEC 11172,

The normative clauses specify the bitsiream in such a way that it is fairly straighiforward to design n
complian| decoder, Decoders may differ considembly in architecture and mplementation details, but have
very few choices dunng the decoding process: the mathods and the resilts of the dacoding process are dosely
spedified. Decoders do have some freedom in methods of post processing and display. but the esults of
such post processing cannot be used in subsequent decoding stepe.

The situaion is quite diffzrent for encoders. This partof ISO/IEC 11172 does nct spedify bow to design or
implement an encoder which produces good guality videe. This annex devoles a major part 1o discussing
enceder algorithms,

This part of [SO/IEC 11172 was developed by ISOAEC ITCLSC29/WGH 1 which & widely knowm.as
MPEG (Moving Pichures Expert Group). This part of [SO/IEC 11172 was developed in response fo
industry needs for an efficient way of sioring and retrieving audio and video information on digital sorage
media (DSM). CD-ROM-is an inexpeasive mediam which can deliver data atapproximately 1,2 Mbiis/s,
and this partof ISOMEC 11172 was aimed at approximately this data rate. 'The "constrained parameters
bitstrezn®, a subset of all permissible bitstreams that is expectzd o be widely used. is limited to dam rates
up to 1856 DOD bit/s. However, it should be noted thal this part of ISO/IEC 11172 is no! limiled to this
valuz and may be usad at higher data rates.

Two other relevant Intemational Standards were being developed during the wark of the MPEG video
commiltee: H.261 by CCITT aimed at telecornmunications applicafions (5], and ISO/IEC 10918 by the
ISOAEC ITCUSC29 (JIPEG) commiltee aimed at the coding of still pictures [b]. Elements of both of
these standards were incorperated irgo this part of ISOIEC 11171, but subsequen! development work by he
committee resulted in coding elements that are new to this part of ISOYIEC 11172, Le Gall (2] gives an
account of the methed by which ISOIECJTC1/SCI9/WG11 (MPELG) developed this past of ISO/TEC
11172, and a2 sumnmary of this part of ISO/IEC 11172 itself.

D.2 Overview
D.2.1 Video concepts

Tais part of [SO/IEC 11172 defines a formal for compressed digital video, This amuex describes some ways
in which practical encodess and decoders might be implemenied.

Although this pan of ISO/IEC 11172 15 quile flexible, the basic dlgorithms have bezn nmed 1o work wel
at data ras of about 110 1.5 M bits/s, al spatial resclutions of about 350 pels horizontally by about 250
pels vertically, and picre rates of about 24 10 30 pictures/s. The use of (be word "piciure” as opposed to
“frame" is deliberate. This part of ISOAEC 11172 cedes progressively-scanned images and does not
recognize the conceptl of interlace. Interlaced source video must be convered 1o & non-inferlaced formal
before coding. Adter decoding, the decoder may optionally produce an nterlaced formal for display.

‘This part of ISO/IEC 11172is designed to permit several methods of viewing coded video which are
normally associated with VCRs sech as forward playback, freeze picture, fast forwarnd, fasr reverse, and show
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forward. Tn addition, mndom access may be possible. The ability of the decoder to implement these modes
depends w some exient on the nature of the digilal storage medimn on which the coded video is stored.

The overall process of encoding and decoding is illustraizd below:

Sousce - Preprocessing Erncoding —I
Storage
> and/cr
Transmissicn
Decoding Posiprocessing Display —

Figure D. -- Coding and decoding process

Figure D.1 shows a typical sequence of operations that must be perfonmed before moving pictures canbe
seen by a viewer, The unencoded source may exist in maay forms, such as the CCIR 601 format. Clause
D.3 describes how such a source may be converted into the appopriaike rescluiion for subsequent encoding.
In the encoding siep, the encoder must be aware of the decoder buffer capacity, and the need of the decoder w0
match the rate of the media lo Lhe rate of illing the pictre baffer with each suceessive picture. To this
end, amodel of the decoder bufter and s overflow and mderflow problem is introdaced in D.4, and ratz
control is descarited in 6.1 The structure of an ISO/IEC 11172-2 bitsirean is covered in .3, as are the
coding operations that comypress the video. Following the encoding process, the bitssbeam may be copied o
a siorage medium. To view the moving pictures, the decoder accesses the ISO/IEC 11172-2 bitstream, and
decodes it as described inD 7. Postprocessing [or display is described in D8,

D.2.2 MPEG video compression techniques

Video is represented as a succession of individual piciures, and eack picture is treated as a two-dimensions]
array of picture elements (pels). The colour representation for each pel consists of three components: Y
(luminance), and two chrominance components, (b and Cr.

Compression of digitized video comes from the use of several echniques: subsamipling of the chrominance
information 10 match the sensitivily of the human visuzl system (HVS), guantization, motion
compensation (MC) to exploit temporal redundancy, frequency transformation by discrete cosing rarsfonm
(DCT) to exploit spatial sedundancy, variable length coding (VLC), aad picture mterpolation.

D.2.21 Subsampling of chrominance information

The HVS iz most sensitive io the resolution of an image's luminance component, so the Y pel values are
encoded at full resclution. The HVS is less sensitive to the chraminance infomation. Soabsampling reduces
the number of pel values by systematically combinirg them with a type of averaging process. This reduces
the amount of information to be compressed by othes techniques The Intervational Standard retains one set
of chrominance pels for each 2x2 neighbourhood of lnminance pels.

D.2.2.2 Quantization

Quantizaticn represenis 2 range of values bya single value in the range. For example, converting arezl
number (o the nearest integer is a forn of quantization. The quantized range can be concisely represented as
an integer code, whichcan be used © recover the quantized value during decoding. The difference between
ihe actual value znd the quantized value is called the quantization noise, Under some circumstances, the
H\‘F{ is less sensitive b quantization noise sb such noise can be allowed to be Yarge, bus increasing coding
efficiency.
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