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2) Replace subclause 2.4.3.6 (page 30, line 2) by

If macroblock-pattern is zero, cbp=O

3) Replace subclause 2.4.3.7 (page 30, line 25)by:

The number of bits in the following dct_dc_differential code, dct_dc_size_luminance, is derived according to the VLC table

P'tu'

4) Replace subclause 2.4.3.7 (page 30, line 29) by:

The number of bits in the following dct_dc_differential code, dct_dc_size_chrominance, is derived according to the VLC table
B.5b.

5) Replace subclause 2.4.3.7 (page 30, line 32) by:

If dct-dc-size_luminance or dct-dc_size-chrominance (as appropriate) is zero, then dct-dc-differential is not present in the
bitstream.

6) Replace subclause 2.4.3.7 (page 30, line 35) by:

Ifdct_dc_size-luminance or dcf-dc-size_chrominance (as appropriate) is greater than zero, then dct_zzlO] is computed as

follows from dct_dc-differential :

!) Replace subclause 2.4.3.7 (page 30, line 37-43) by:

For luminance blocks:
if ( dct_dc-differential & ( I << (dct-dc_size-luminance-1)) ) dct-zz[0] = dct-dc_differential
else dct_zz[0] = ( (-l) << (dct-dc_size_luminance) ) | (dct_dc_differential+1) ;

For chrominance blocks;
if( dct_dc_differential & ( I << (dct_dc_size_chrominance-l))) dct_zzlOl = dct_dc_differential ;

else dct-zz[O] = ( (-1) << (dct_dc_size-chrominance) ) | (dct-dc-differential+1) ;

8) Replace subclause 2.4.3.7 (page 30, table) by:

example for dct_dc_size_luminance = 3

9) Replace subclause 2.4.4.4 (page 38, lines 4-5) by:

In B-pictures, the skipped macroblock is defined to have the same direction of prediction (forward, backward, or bidirectional)
as the prior macroblock, differential motion vectors equal to zero, and no DCT coefficients.

10) Replace subclause D.6.5.2 (page 99, line 39) by:

Whereas in P-pictures skipped macroblocks have a motion vector equal to zero, in B-pictures skipped macroblocks have the
shme motion vector and the same direction of prediction (forward, backward, or bidirectional) as the previous macroblock,
which cannot be intra coded.
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1,1) Replace subclquse D.6.7, Table D.22 by:

TableD.22 " Example of the coded data elements needed to generate repeated pictures

1,2) Replace subclause 2.3 (page 14, tine 37) by:

2.3.1 Definition of bytealigned function

1,3) Replace subclquse 2.3 (page 14, line 42) by:

2.3.2 Definition of nextbits function

1,4) Replace subclause 2.3 (page 14, line 46) by

2.3.3 Definition of next_start_code function

1,5) Replace subclause 2.4.1 (page 15, line 5) by

2.4.1.1Video sequence

1,6) Replace subclause 2.4.1 (page l5,line 22) by:

2.4.L.2 Sequence header

3

Value (bits) Length (bits)Mnemonic

0000 0000 0000 0000
0000 0001 0000 0000
XXXX XXXX XX

010
XXXX XXXX XXXX XXXX

0
001

0
0000 00
0000 0000 0000 0000
0000 0001 0000 0001
0000 I
1

001

0
0
00000001 000 (x l1)
00000011 001
001

quantizer_scale
macroblock_address_increment
macroblock_type
motion_horizontal_forward_code
motion_vertical_forward_code
macroblock_escape (xl 1)
macroblock_address_increment
macroblock_type
motion_horizontal_forward_code
motion_vertical_forward code
Extra_bit_slice

0
0
0
000

picture_start_code 32 bits

temporal_reference
picture_coding_type
vbv_delay
full_pel_forward_vector
forward_f_code
Extra_bit_picture
stuffing
slice_start_code

l0 bits
3 bits

16 bits
I bir

3 bits
I bit

6 bits
32bits

5 bits
1 bit

3 bits
I bit
1 bit

121 bits
11 bits
3 bits

1 bit
I bit
1 bir

3 bits

256 bitsTotal
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17) Replace subclause 2.4.1 (page 15, line 27) by;

2.4.1.3 Group of pictures

l8) Replace subclause 2.4.1 (page 16, line I5) by:

2.4.L.4 Picture

19) Replace subclause 2.4.1 (page 17,Iine 1) by

2.4.1.5 Slice

20) Replace subclause 2.4.1 (page 17, line 10) by:

2.4.1.6 Macroblock

2I) Replace subclause 2.4.1 (page 17, line 23) by:

2.4.1.7 Block

22) Replace subclause 2.4.1 (page 17, line 30) by:

2.4.1.8 Reserved, Forbidden and Marker bit

23) Replace subclause D.5.2 (page 68, line 20) by

D.5.2.1- Group of pictures start code

24) Replace subclause D.5.2 (page 68, line 32) by

D.5.2.2 Time code

25) Replace subclause D.5.2 (page 69, line I ) by:

D.5.2.3 Closed GOP

26) Replace subclause D.5.2 (page 69, line 24) by:

D.5.2.4 Broken link

27) Replace subclause D.5.2 (page 69, line 37) by:

D.5.2.5 Extension data

28) Replace subclause D.5.2 (page 69, line 49) by:

D.5.2.6 User data
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29) Adjust right margin of the paragraph in sabclause 2.4.1 (page 17, lines 12-16) to other paragraphs.
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Foreword

ISO (the lnternational Organization for Standardization) and IEC (the lnter-
national Electrotechnical Commission) form the specralized system for
worldwide standardization. National bodies that are members of ISO or
IEC participate in the development of lnternational Standards through
technical committees established by the respective organization to deal
with particular fields of technical activity. ISO and IEC technical com-
mittees collaborate in fields of mutual interest. Other international organ-
izations, governmental and non{overnmental, in liaison with ISO and lEC,
also take part in the work.

ln the field of information technology, ISO and IEC have established a joint
technical committee, ISO/lEC JTC 1. Draft lnternational Standards adopted
by the loint technical committee are circulated to national bodies for vot-
ing. Publication as an lnternational Standard requires approval by at least
75Yo of the national bodies casting a vote.

lnternational Standard ISO/lEC 11172-2 was prepared by Joint Technical
Committee ISO/IEC JTC 1, lnformation technology, Sub-Committee SC 29,
Coded representation of audio, picture, multimedia and hypermedia infor-
mation.

ISO/IEC 11172 consists of the following parts, undsr the general title /n-
formation technology - Coding of moving pictures and associatdd audio
for digital stonge media at up to about 1,5 Mbit/s,

- Part 1: Systems

- Part 2: Video

- Part 3: Audio

- Part 4: Compliance testing

and C form an integral part of this part of ISO/IEC 11172
and F are for information only.

A,B
D,E

Annexes
Annexes
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lntroduction

Note -- Readers interested in an overview of the MPEG Video layer should read this Introduction and then
proceed to annex D, before returning to clauses I and 2.

0.1 Purpose

This part of ISO/IEC I 1172 was developcd in reslnnse to the growing need for a common format for
representing compressed video on various digital storage media such as CDs, DATs, Winchester disks and
optical drives. This part of ISO/IEC I I172 specifies a coded representation that can be used for
compressing video sequences to bitrates around 1,5 Mbit/s. The use of this part of ISO/IEC 11172 means
that motion video can be manipulated as a form of computer data and can be transmitted and received over
existing and future networks. The coded representation can be used with both 625-line and 525-line
television and provides flexibility for use with workstation and personal computer displays.

This part of ISO/IEC 11172 was developed to operate principally from storage media offering a continuous
transfer rate of about 1,5 Mbit/s. Nevertheless it can be used more widely than this because the approach
taken is generic.

0. 1 .1 Coding parameters

The intention in developirrg this part of ISO/IEC I I 172 has been to define a source culing algoritlm with a
large degree of flexibility that can be used in many different applications. To achieve this goal, a number of
the parameters defining the characteristics of coded bistreams and decoders are contained in the bitstream
itself. This allows for example, the algorithm to be used for pictures with a variety of sizes and aspect
ratios and on channels or devices operating at a wide rauge of bitrates.

Because of the large range of the characteristics of bistreams tiat can be represented by this pan of ISO/IEC
lll72, a sub-set of these coding pammeters known as the "Constrained Pararneters" has been dehned. The
aim in defining the constrained parameters is to offer guidance about a widely useful range of parameters.
Conforming to this set of constraints is not a requirement of this part of ISO/IEC lll72. A flag in the
bitstream indicates whether or not it is a Constrained Parameters bitstrearn.

Summary of the Constrained Parameters:

O.2 Overview of the algorithm

The coded representation dehned in this part of ISOAEC I1172 achieves a high compression ratio while
preserving good picture quality. The algorithln is not lossless as the exact pel values are not preserved
during coding. The choice of the techniques is ba-sed on the need to balzurce a high picture quality and
compression ratio with the requirement to make rzurdom access to the co<led bitstrearn. Obtaining good
picture quality at the bitrates of interest dernands a very high colnpression ratio, which is not achievable
with intraframe coding alone. The need for rzurdom access, however, is best satisfied with pure intraframe
coding. This requires a careful haliurce between intra- and interfrarne culing and between recursive and non-
recursive temporal redundancy reduction.

t
1

t
L

t
I
t
t

t
t
t
t
t
t
I
t -l

Horizontal picture size Less than or equal to 768 nels
Vertical fiicture size Less than or equal to 576 lines
Picture area Less than or eoual to 396 macroblocks
Pel rate Less than or equal to 396x25 macroblocks/s
Picture rate Less than or equal to 30 Hz
Motion vector raulge Less thzur -64 to +63,5 pels (using half-pel vectors)

ltrackward f code and fonvard f code <= 4 (see table D.7)l
Inrrut buffer size (in VBV model) Less thiur or equal to 327 680 bits
BiraE Less than or eoual to I 856 000 birs/s (constant bitrate)
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A number of t€chniques are used to acbieve a high compression ratio. The nrsq which is almost
independent from this part of ISOffiC lll72, is to select an appropriate spatial resolution for the signal.
The algorithm then uses block-based motion compensation to reduce the temporal redundancy. Motion
compensation is used for causal prediction of fle cunent picture from a previous picture, for non-causal
prediction of the current picture fmm a fuurB picture, or for interpolative prediction from past and future
picnres. Motion vectors are defined for each l6-pel by l6-line region of the picture. The difference signal,
the prediction ermr, is further compressed using the discrete cosine tnansform (DCI) to remove spatial
correlation before it is quantized in an irreversible process $at discards the less important information.
Finally, the motion vectors are combined witi the DCT information, and coded using variable length codes.

0.2.1 Temporal processang

Because of the conflicting requirements of random access and highly efficient comprcssion, tfuee main
picture types are defined. Intra-coded pictures (-Pictures) are coded without reference to other pictures.
Tbey provide access points o the coded sequence where decoding can begin, but are coded with only a
moderate compression rario. Pnedictive coded pictures @-Picurres) are coded more efhciently using motion
compensated prediction from a past intm or predictive coded pictlre and are generally used as a reference for
further prediction. Bidirectionally-predictive coded pictures (B-Pictures) provide the highest degree of
compression but require both past and future reference pictures for qrotion compensation. Bidirectionally-
predictive coded pictures are never used as references for prediction. The organisation of the ttree picture
types in a sequence is very flexible. The choice is left to the encoder and will depend on the requiremenrs of
the application. Figure I illustrates the relationship between the three different picture types.

Bi-directional
Prediction

Prediction

Figure I -- Example of temporal picture structure

The fourft picture type defined in this part of ISO/IEC lll72, the D-picture, is provided to allow a simple,
but limited quality, fast-fonvard playback mode.

O.2.2 Motion ropresentation - macroblocks

The choice of 16 by 16 rnacroblocks for the motion-compensation uuit is a result of the trade-off between
inoeasing the coding eff,rciency provided by using motion infonnation an<l the overheacl needed to store iL
Each macroblock can be one of a number of different types. For exalnple, inrra-coded, forward-predictive-
coded backward-predictive code4 and bidirectionally-predictive-coded macroblocks are Jrermireo in
bidirectionally-pnedictive coded pictures. DeJrending on the type of fte macroblock, motion vector
infmmation and other side information are stored with the compressed prediction enor signal in each
macroblock. The motion vectors are encoded differentially with respect to the last coded motion vector,
using variable-length codes. The maximum length of the vectors that may be represented can be
programmed, on a picture-by-picture basis, so ttrat the most demmding applicatious can be met without
compromising the performance of the system in more normal situations.

It is the responsibility of the encoder to calculate appropriate moriotr vectors. This part of ISO/IEC I I172
does not specify how this should be done.

l
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t
ISO/IEC 11172'2: 1e93 (E) @ lso/lEc

o.2.3 Spatial redundancy reduction

Both original pictures and prediction error signals have high spatial redundancy. This part of ISO/IEC
11172 uses a block-based DCT method witlr visually weighted quantization md run-length coding. Each 8
by 8 block of the original picturc for intra-coded macroblocks or of the prediction enor for predictive-coded
macroblocks is transformed into the DCT domain where it is scaled before being quantized. After
quantization many of the coefficients are zero in value and so twodimensional run-length and variable
length coding is used to encode the rcmaining coefficients efficicntly.

0.3 Encoding

This part of ISO/IFX l l l72 does not specify an encoding process. It specifies the syntax and semantics of
tbe bitstrean and the signal processing in the decoder. As a result, many options are left op€n to encoders
m rade-off cost and spe€d against pictrne quality and coding efficiency. Ttris clause is a brief description of
the functions that need to be performed by an encoder. Figure 2 shows the main functjonal blocks.

Dala

input pictures

where
DCT is discrete cosine transform
DCI-1 is inverse discrete cosine transfonn
Q is quantizltion

Q-l is dequat tization
VLC is variable length coding

Figure 2 -- Simplified video encoder block diagram

The input video signal must be digitized and represented as a lumiruurce and rwo colour difference signals
(Y, CU C1). This may be followed by preprocessing md format conversion ro select an appropriate-
window, resolution and input format. This part of ISO/IEC I I 172 requires that the colour difference
signals (CU and Cr) are subsampled with respect to the luminancnby 2:l in both vertical and horizontal
directions and are reformatted, if necessary, as a non-iuterlaced signal.

The encoder must choose which picture type to use for each picture. Having <lefined the picture types, the
encoder estirntes motion vectors for each 16 by 16 rnacroblock in the picture. In P-Pictures one vector is
needed for each non-inlra macroblock and in B-Pictues one or two vectors are needed.

If B-Picnues are use4 some reordering of the pictue sequence is necessary before encoding. Because B-
Pictures are coded usirrg bidirectional motion cornpensated prediction, they can only be decoded after the
subsequent reference picture (an I or P-Picture) has been decoded. Therefore the pictures are reordered by the
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encoder so that 0re pictures arrive at the decoder in the order for decoding. The conect display order is

reovered by the decoder.

The basic unit of coding within a picture is the macroblock. Witlrin each picture, macroblocks are encoded

in sequence, left to right, top to bottom. Each macroblock consists of six 8 by 8 blocks: four blocks of
luminance, one block of Cb chrominance, and one block of Cr cbrominance. See figure 3. Note ftat the
picture area coveled by the four blocks of luminance is the same as the area covered by each of the

chrominance blocks. This is due to subsampling of the chrominance infonmation to match the sensitivity of
the buman visual sYstem.

E

J

I

I

I

I

I

YCbCr
Figure 3 -- Macroblock structure

Firstly, for a given macroblock, the coding mode is chosen. It depends on the picture type, the
effectiveness of motion compensated prediction in that local region, and the nature of the signal within the
block. Secondly, depending on the coding mode, a motion compensated prediction of the contens of the
block based on past and/or future refercnce pictures is formed. This prediction is subtracted from the actual
data in the current macroblock to fonn an eror signal. Thirdly, this error signal is separated into 8 by 8
blocks (4luminance and 2 chrominance blocks in each macroblock) and a discrete cosine transform is
performed on each block. Each resulling 8 by 8 block of DCT coefficients is quantized and the nvo-
dimensional block is scanned inazig-zagorder to convert it into a one-dimensional string of quantized DCT
coefficients. Fornthly, the side-information for the macroblock (mode, motion vectors etc) and the
quantized coefficient data are encoded. For maximum efficiency, a number of variable lengtlr code tables are
dehned fu the different dara elements. Run-length coding is used for the quantized ccpfficient data

A consequerrce of using different picture types and variable length coding is that the overall data rate is
variable. In applications that involve a fixed-rate channel, a FIFO buffer may be used to match the encoder
ouput o the channel. The status of this buffer rnay be monitored to control the number of bits generated
by the encoder. Controlling the quantization process is the most direct way of controlling the bitrate. This
part of ISO/IEC 1l172 specifies an abstract model of the buffering system (the Video Buffering Verifier) in
order to constnain the maximum variability in the number of bits that are used for a given picture. This
ensurps that a bistrearn can be decoded with a buffer of known size. \

At ttlis stage, the coded represenhtion of the picture has been genenated. The final step in the encoder is to
regenerate l-Picnues and P-Pictures by decoding the data so that they can be used as reference picnres for
subsequent encoding. The quantized coefficients are dequantized and an inverse 8 by 8 DCT is performed on
each block. The prediction etror signal produced is then added back to the prediction signal and limited to
the required nmge to give a decoded reference picure.

0.4 Decoding

Decoding is the inverse of the encoding operation. It is corsiderably sirnpler thau encoding as there is no
need to perform motion estimation and there are many fewer options. The decoding process is defined by
this part of ISOAEC lll72. The description that follows is a very brief overview of one possible way of
decoding a bitstrearn. Other decoders with different architectures are possible. Figure 4 shows the main
functional blocks.

0 I
2 3

4
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DCT'l is inverse discrete cosine transform
q-l ir 6uq,lanrization

MtX-l is demultiplexing
VLD is variable length decoding

Figure 4 -- Basic video decoder block diagram

For fixed-rate applications, the channel fills a FIFO buffer at a constant rate with the coded bitstream. The
decoder reads this buffer and decodes the data elements in the bitstream according ro the defined syntax.

As the decoder reads the bitstream, it identifies the start of a coded picture and then the type of the picture.
It decodes each macroblock in the picture in turn. The macroblock type and the motion vectors, if present,
are used to constnrct a prediction of de current macroblock based on past and future reference pictures that
have been stored in the decoder. The coefficient data are decoded and dequantized. Each 8 by 8 block of
coefficient data is transformed by an inverse DCT (specined 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 picture has been reconstructed. If it is an I-
picture m a P-picture it is a reference picture for subsequent pictures and is store4 replacing the oldest stored
reference picurre. Before the pictures are displayed they rnay need to be re-onlered from the coded order to
their naoral display order. After reordering, the pictures are available, in digital fonn, for post-processing
and display in any manner that the application chooses.

0.5 Structure of the coded video bitstream

This part of ISO/IEC I1172 specifies a synhx for a coded video bitstream. This syntax conhins six layers,
each of which either supports a signal processing or a system funcrion:

Lavers of the svntax Fu nction
Sequence layer

Group of pictures layer
Picnre layer
Slice layer

Macroblock layer
Block layer

Random Access uniu context
Random access unir video

Primary coding unit
Resynchronization unit

Motion compensation unit
DCT unit

0.6 Features supported by the algorithm

Applications using compressed video on digital storage media need to be able to perform a number of
operations in addition to normal forward playback of the sequence. The ccxled bitstreiun has been designed
to support a number of these operations.

rt

I

.1

t
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0.6.1 Random access

Randorn access is an essential feanue for video on a storage medium. Random access requires that any
picture can be decoded in a limited amount of time. It implies the existence of access points in the

bitsream - that is segmenn of informadon that are identifiable and can be decoded wilhout reference to other
segments of data- A spacing of two random access points flntra-Pictures) per second can be achieved
without significant loss of picture quality.

0.6.2 Fast search

Depending on the storage medium, it is possible to scan the access points in a coded bitsEeam (with the
help of an application-specific directory or other knowledge beyond tlre scope of this part of ISO/IEC
lll72) to obtain a fast-forward and fast-reverse playback effecr

0.6.3 Reverse playback

Some applications may require the video signal to be played in reverse order. This can be achieved in a
decoder by using memory to store entire goups of pictures after they have been decoded before being
di^splayed in reverse order. An encoder can make this feature easier by reducing the length of groups of
pictures.

0.6.4 Error robustness

Most digital storage media and communication channels are not error-free. Appropriate chatutel coding
schemes should be used and are beyond the scope of this part of ISOIIEC lll72. Nevertheless the
compression scheme defined in this pan of ISOIIEC 11172 is robust to residual errors. The slice structure
allows a decoder to r€cover after a data error and to resynchronize its decoding. Therefore, bit errors in the
compressed data will quse erors in the decoded pictures to be limited in area- Decoders rnay be able to use
oonc€alment stnategies to disguise these errors.

0.6.5 Editing

There is a conflict between the requirement for high coding efficiency and easy editing. The coding structure
and syntax have not been designed with the primary aim of simplifying editing at any picture. Nevertheless
a number of features have been included that enable editing of coded data.
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lnformation technology - Goding of moving
pictures and associated audio for digital storage
media at up to about 1,5 Mbit/s -
Parl 2:
Video

Section 1: General

1.1 Scope

This part of ISO/IEC I I172 specifres the coded rcpresentation of video for digital storage media and

,-Gi"i rnr decoding p*d. Tbe repesentariorir suppora noryrat s@ forward playback' 35 rrrg[l 65

si.dt"l functions su.tat random rcoess, fast fonvard plrylqL fastreverse playback, *T4 speed reverse

p'l^Vu*r., pause and sUu pictures. Thiq nan _of 
tSOdfi I I 172 is comparible with standard 525- and 625-

line television formats, and it provides flixibility for use with personal computer and worksarion displays'

ISO/IEC lll?2 is primarily applicable to digitat storageledia supporting a continuous transfer rate up to

atout t,5 Mbit/s, sir"n as Cooii.ct Oisc, Oigital Audio Tape, and nragnetic hard disks. Nevertheless it can

be used'more widely than this Uoat *" of rhJgeneric approbn aken. The storage media may be directly

connected to the decoder, fr via corrmunications meani such as busses, LANs, or telecommunications

ii"**. rni, part of ISollEc l l l72 is intended for non-interlaced video formats having approximately 288

lines of 352 pels and picture rates around 24 Hz n 30 Hz'

1.2 Normative references

The following Intemational Standards contain provisions *!i:.h, through reference in this texL constitute

provisions of-r.ni. part of ISO/IEC ltl72. At the time of publication, the editions indicated were valid.

m stanoaros are subject ro revision, and panies to agreements based on this part of ISo/IEC lll72 ue

encourageO to investigate tbe possibility of applying the most recent.editions of the standards indicated

b"l"*. foemUers of frC anO iSO mainrain registers of cunently valid International Standards.

ISO/IEC ltl7}-l:1993 Infomution technology - Coding of nroving pictures and associued audio for digital

storage nudia al up to about 1,5 Mbit/s' Part I: Systems.

ISO/IEC lll7}-3:199j Infomntion rechnobgy - Coding of nnving pictures attd associued audio for digital

storage nwdia at up to about 1,5 Mbiils - Part 3 Atdio.

CCIR Recorrmendation ffil-2 Encoding paramcters of digilal ,elevision for studios.

CCIR Report 6244 Characteristics of systems for monochromc aM colour television.

CCIR Recommendation &8 Recording of ardio signals.

CCIR Report 955-2 Sound broadcasting by satettite for portable and nwbile receivers, including Annex IV

Sutmnry description of Advanced Digital System Il.

CCITT Recorrmendation J.l7 Pre-emphasis used on Sound'Prograrurc Circuits'
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IFiEE Draft Standard Pl180/D2 1990 SpeciJicationfor the implenentuion of 8x 8 inverse disuete cosine
transform".

IEC publication 908:1987 CD Digital Audio System.
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Section 2: Technical elements

2.1 Def initions

For the purposes of ISO/IEC lll72, the following definitions apply. If specific to a patt' this is noted in

squiue brackes.

2.1.1 ac coelticient lvideol: Any DCT coefficient for which the frequency in one or both dimensions

is non-zero.

2.1.2 access unit [systeml: In the case of compressed audio an access unit is an audio access unit. In

the case of corrpressed video an ac@ss unit is the coded representation of a picture,

2.1.3 adaptive segmentation [audio]: A subdivision of rhe digital representation of an audio signal

in variable segments of time.

2.1.4 adaptive bit allocation [audio]: The assignment of bits to subbands in a time and frequency

varying fashion according to a psychoacoustic model.

2.1.S adaptive noise allocation [audiol: The assignment of coding noise to frequency bands in a

time and frequency varying fashion according to a psychoacoustic model.

2.1.6 atias [audiol: Mirrored signal component resulting from sub-Nyquist sampling'

2.1.7 analysis filterbank [audiol: Filterbank in the encoder that transforms a broadband PCM audio

signal into a set of subsampled subband samples.

2.1.t audio access unit [audiol: For Layers I and II an audio access unit is defined as the sma]lest

part of the encoded bitsEeam wniin can be aecoded by itself, where decoded mearts "fully reconstructed

sound". For layer III an audio access unit is part of the bitstream that is decodable with the use of
previously acquired main information.

2.1.g audio bulfer [audiol: A buffer in the system target decoder for storage of compressed audio dala-

2.1.10 audio sequence [audiol: A non-intemrpted series of audio frames in which the following

parameters are not changed:
-ID
- layer
- SamPling FrequencY
- For l,aYer I and II: Bitrate index

2.l.ll backward motion vector lvideol: A motion vector that is userl for motioll compensatiott

from a reference picture at a later time in display order.

2.1.12 Bark [audiol: Unit of critical band rate. The Bark scale is a non-linear rnapping of the frequency

scale over the audio range closely corresponding with the frcquency selectivity of the human ear across the

band.

Z.l.l3 bidirectionally predictive-coded picture; B-picture [videol: A picture that is coded

using motion compensated prediction from a past and/or future reference picture.

2.l.l4bitrate: Tbe rate at which the compressed bitsEeam is delivered from the storage medium to the

input of a decoder.

2.l.ls btock companding [audiol: Normalizing of the digital representatiort of an audio signal

within a cerrain time Period.

2.1.16 block [video]: An 8-row by 8-column orthogonal block of pels.

2.1.17 bound laudiol: The lowest subband in which intensity stereo coding is used'
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2.1.18 byte aligned: A bit in a coded bitstream is byte-aligned if its position is a multiple of 8-birs
from the first bit in Ore stream.

2.1.19 byte: Sequence of 8-bits.

2.1.20 channel: A digital medium lhat stores or transports an ISO/IEC I I172 sream.

2.1.21 channcl laudiol: The left and right channels of a srereo signal

2.1.22 chrominance (component) [videol: A matrix, block or single pel representing one of the
two colour difference signals related to 0re primary colours in the manner defined in CCIR Rec 601. The
symbols used for the colour difference signals are Cr urd Cb.

2.1.23 coded audio bitstream [audiol: A coded representation of an audio signal as specified in
rsonEc ltt72-3.

2.1.U co'ded video bitstream [video]: A coded representation of a series of one or more pictures as
specified in this part of ISO/IEC lll72.

2.125 coded order [videol: The order in which the pictures are stored and rlecoded. This order is not
necassarily the same as the display order.

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

2.1.27 coding parameters [videol: The set of user-deFrnable parameters that characterize a coded video
bitstream. Bitstreffns are cturacterised by coding pararneters. Decoders are characterised by the bitsEeams
tbat they are capable of decoding.

2.128 component [videol: A matrix, block or single pel from one of the three matxices (luminance
and two chrominance) that make up a picture.

2.1.29 compression: Reduction in the number of bits used to represent an item of data.

2.1.30 constant bitrate coded video [videol: A compressed video bitstream with a constant
average birate.

2.1.31 constant bitrate: Operation where the bitrate is constant from start. to finish of the compressed
bitstream.

2.1.32 constrained parameters Ivideol: The values of tlre set of coding parameters defined in
2.4.3.2.

2.1.33 constrained system parameter stream (CSPS) [system]: An ISO/IEC
multiplexed stream for which the constraints defined in2.4.6 of ISO/IEC lll72-l apply,

2.1.Y CRC: Cyclic redundancy code.

ttt72

2.1.35 critical band rate laudiol: Psychoacoustic function of frequency. At a given audible
frequency it is proportional to the number of critical bands below tlrat frequency. The units of the critical
band rate scale are Barks.

2.1,36 critical band [audiol: Psychoacoustic measure in the spectral dornain which corresponds to the
fre4uency selectivity of tlre human ear. This selectivity is expressed in Bark.

2.137 data element: An item of data as represented before encoding and after decoding.

2.13E dc-coeflicient [videol: The DCT coefficient for which the frequency is zero in both
dirnensions.
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2.1.39 dc-coded picture; D-picture [videol: A picture tlrat is coded using only information from
itself. Of the DCT coefficients in the coded representation, only the dc-coefficienls 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 bulfer [video]: The first-in first-out (FIFO) buffer specified in the video
buffering verifier.

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

in the coded video bitstream.

2.1.114 decoder: An embodfunent of a decoding process.

2.1.45 decoding (process): The process defined in ISO/IEC lll72that reads an input coded bitstream
and produces deooded pictures or audio samples.

2.1,6 decoding time-stamp; DTS [systeml: A field that rnay be present in a packet header that
indicates tie time that an access unit is decoded in the system target decoder.

2.1.47 de-emphasis [audiol: Filtering applied to an audio signal after storage or transmission to undo
a linear disortion due to emphasis.

2,1.48 dequantization [videol: The process of rescaling the quantized DCT coefficienls after their
representation in tlre bistream has been decoded and before they are presented to the inverse DCT.

2.1.49 digital storage media; DSM: A digital storage or transmission device or system.

2.1.50 discrete cosine transforml DCT [videol: Either the forward discrete cosine transform or the
inverse discrete cosine transform. The DCT is an invertible, discrete orthogonal transformation. The
inverse DCT is defined in annex A.

2.1.51 display order [video]: The order in which the decoded pictures should be displayed. Nonnally
this is the same order in which they were presented at the input of the enco<ler.

2.1.52 dual channel mode [audio]: A mode, where two audio channels with independent programme
contents (e.g. bilingual) are encoded within one bitstrearn. The coding process is the same as for the stereo

mode.

2.1.53 editing: The prmess by which one or more compressed bitstreams are manipulated to produce a
new comprcssed bitstream. Conforming edited bit^streams must meet lhe requirements defined in this part of
ISO/IEC ttt72.

2.154 elementary stream [systeml: A generic term ftrr one of the coded video, coded audio or other
coded biStreams.

2.1.55 emphasis [audiol: Filtering applied to an audio signal before storage or transmission to
improve the signal-to-noise ratio at high frequencies.

2.1.56 encoder: An embodiment of an encoding process.

2.1.57 encoding (process): A process, not specified in ISO/IEC lll72, that reads a stream of input
picturgs or audio samples and produces a valid coded bitstrerun as defined in ISO/IEC lll72.

2.1.58 entropy coding: Variable length lossless coding of the digital representation of a signal to
reducercdmdarcy.

2.1.59 fast forward playback [videol: The process of displaying a sequence, or parls of a sequence,
of picures in display-order faster than real-time.
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2.1.60 FFT: Fast Fourier Transformation. A fast algorithm for performing a discrete Fourier transform
(an ortltogonal transform).

2.1.61 filterbank [audiol: A set of band-pass filters covering the entire audio frequency range.

2.1.62 fixed segmentation [audio]: A subdivisiou of the digiul representation of an audio signal
into fixed segments of time.

2.1.63 forbidden: The term "forbidden" when used in the clauses defining the coded bitstream indicates
that the value shall never be used. This is usually to avoid emulation of start codes.

2,1.U forced updating [videol: The process by which macroblocks are intra-coded from time-o-time
to ensure that mismarch enors between the inverse DCT processes in encoders and decoders cannot build up
excessively.

2.1.65 forward motion vector [videdl: A motion vector that is used for motion compensation from
a reference picture at an earlier tirne in display order.

2.1.66 frame [audio]: A part of the audio signal that corresponds to audio PCM samples from an
Audio Access Unit.

2.1.67 tree format [audio]: Any bitrate other than the defined bitrates that is less than the maximum
valid birarc for each layer.

2.1.68 future reference picture fvideol: The future reference picture is the reference picture that
occurs at a later time than the current picture in display order.

2.1.69 granules [Layer III [audiol: The set of 3 consecutive subband samples from all 32 subbands
thu are considered together before quantization. They conespond to 96 rc.M sarnples.

2.1.70 granules [Layer III] [audiol: 576 frequency lines that carry their own side information.

2.1.71 group of pictures [videol: A series of one or more coded pictures intended to assist random
access. Tbe group of pictures is one of the layers in the coding syntax defined in this part of ISO/IEC
Itt72.

2.1.72 Hsnn window laudiol: A time function applied sample-by-sample to a block of audio samples
before Fourier transformation.

2.1.73 Huffman coding: A specific method for entropy coding.

2.1.74 hybrid lilterbank laudiol: A serial combination of subbancl filterbank an<l MDCT.

2.l.75IMDCf [audiol: Inverse Modified Discrete Cosine Transfonn.

2.1.76 intemity stereo [audiol: A metho<l of exploiting stereo irrelevance or redundancy in
stereophonic audio programmes based on retaining at high frequercies only the energy envelope of the right
and left cbannels.

2.1.77 interlace [video]: The property of conventional television pictures where alternating lines of
the picture represent different instances in time.

2.1.78 intra coding lvideol: Coding of a macroblock or picture that uses infonnation only from that
macroblock or picture.

2.1.79 intra-coded picture; I-picture [videol: A picture coded using intbnnation only from itself.

6 Page 23 of 130



@ lso/lEc ISO/IEC 11172-2: 1 e93 (E)

2.1.80 ISO/IDC lll72 (multiplexed) stream [system]: A bitstream composed of zero or more

elementary streams combined in the marurer deFrned in ISO/IEC lll72-1.

2.1.81 joint stereo coding [audio]: Any method that exploits stereophonic irrelevance or
stereophonic redundancy.

2.l.82joint stereo mode laudiol: A mode of the audio coding algorithm using joint stereo coding.

2.1.83 layer [audiol: One of the levels in the coding hierarchy of the audio system defined in ISO/IEC
ttt72-3.

2.184layer [video and systemsl: One of the levels in the data hierarchy of the video and system

specifications defined in ISO/IEC lll72-l and this part of ISO/IEC lll72.

2.1.85 luminance (component) [videol: A matrix, block or single pel representing a monochrome

representation of ttre signal and related to the primary colours in the manner defined in CCIR Rec 601. The

symbol used for luminance is Y.

2JA6 macroblock [videol: The four 8 by 8 blocks of luminance data atrd the two corresponding 8 by

8 blocks of chrominance data coming from a 16 by 16 section of the luminance comflonent of the picture.

Macroblock is sometimes used to refer to the pel data and sometimes to the coded representation of the pel

values and other data elements denned in the macroblock layer of the syntax defined in this patt of ISO/IEC
lll72. The usage is clear from the contexL

2.l.Vt mapping [audiol: Convenion of an audio signal from time to frequency domain by subband

filtering and/or by MDCT.

2.1.88 masking [audiol: A property of the human auditory system by which an audio signal cannot be
perceived in tb pre.sence of another audio signal .

2.1.89 masking threshold [audiol: A function in frequency and time below which an audio signal
cannot be perceived by the human audiory system.

2.1.90 MDCT laudiol: Modified Discrete Cosine Transform.

2.1.91 motion compensation lvideol: The use of motion v@tors to improve the efficiency of the

prediction of pel values. The prediction uses motion vectors to provide offsets into the past and/or future

reference pictures containing previously decoded pel values tlnt are used to form the prediction error signal.

2.1.92 motion estlmation [video]: The process of estimating motion vectors during the encoding
process.

2.1,93 motion vector Ivideol: A two-dimensional vector used for motion compensation that provides
an offset from the coordinate position in lhe current picture to the coordinates in a reference picture.

2.1.94 MS stereo [audiol: A method of exploiting stereo irrelevance or redundancy in stereophonic
audio programmes based on coding the sum ard difference signal instead of the left ald right channels.

2.1.95 non-intra coding [videol: Coding of a macroblock or picture that uses information both from
itself and from macroblocks and pictures occuning at other times.

2.1.96 non-tonal component [audio]: A noise-like component of an audio signal.

2.1.97 Nyquist sampling: Sampling at or above twice the maximum bandwidth of a signal.

2.1.9E pack [system]: A pack consists of a pack header tollowed by one or rnore packets. It is a layer

in tlre system coding syntax described in ISO/IEC lll72-1.

2,1.99 packet data [systeml: Contiguous bytes of data from an elementary sreiun present in a packet.
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2.r.100 packet header [systeml: The data structure used to convey infonnation about the elementary
stream data contained in ttrc packet data

2.l.l0l packet [systeml: A packet consists of a header followed by a number of contiguous bytes
from an elementary data stream. It is a layer in the system coding syntax described in ISO/IEC lll72-1.

2.1.102 padding [audiol: A me0od to adjust Oe average length in time of an audio frame to the
duration of the corresponding PCM samples, by conditionally adding a slot to the audio frame.

2.r.103 past reference picture [vidco]: The past reference picture is the reference picture that occurs
at an eadier time than the current picture in display order.

2.1,104 pel aspect ratio [videol: The ratio of the nominal vertical height of pel on the display to its
nominal horizontal width.

2.1.105 pel [videol: Picture element.

2.l.106 picture period [videol: The reciprocal of the picture rate.

2.l.lo7 picture rate [videol: The nominal rate at which pictures shoulcl be output from the decoding
process.

2.1-108 picture lvideol: Source, coded or reconstructed image data. A source or r@onstructed picture
consists of three rectrngular matrices of 8-bit numbers representing the luminance zurd two chrominance
signals. The Picture layer is one of the layers in the coding syntax defined in rhis part of ISO/IEC lll72.
Note that the term npictute" 

is always used in ISO/IEC lllT2inpreference to the terms field or frame.

2.1.109 polyphase filterbank laudiol: A set of equal bandwidth filters with special phase
intenelationships, allowing for an efficient irnplementation of the filterbank.

2-l.ll0 prediction [video]: The use of a predictor to provide an estirnate of the pel value or data
element currently being decoded.

2.l.lll predictive.coded picture; P-picture [videol: A picture rhat is coded using motion
compensa@d prediction from the past reference picture.

2-l.ll2 prcdiction error [videol: The difference between the actual value of a pel or data element and
its predictor.

2.l.ll3 predictor [videoJ: A linear combination of previously decoded pel values or data elements.

2.l,ll4 presentation time-stamp; PTS [systeml: A fiel<t that may be present in a packet header
unt indicates the titne that a pesentation unit is presented in tlte system target decoder.

2.1.115 presentation unit; PU [system]: A decoded audio access unit or a decoded picture.

2-l.116 psychoacoustic model [audiol: A mathematical model of the masking behaviour of the
human auditory system.

2.1.117 quantization matrix [videol: A set of sixty-four 8-bit values used by tbe dequantizer.

2.1.r18 quantized DCT coefficients lvideol: DCT coefficients before dequantization. A variable
length coded representation of quantized DCT coefficients is stored as part of the compressed video
bitstream.

2.1-ll9 quantizer scalefactor [videol: A d.lL.r element represented in tlre bisrream and used by the
decoding prtxess to scale the dequantization.
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Z,l.lZ0 random access: The process of beginning to read and decode ttre coded bistream at an arbitrary

point.

2.l.l2l refcrcncc picture [videol: Reference pictures are the nearest adjacent I- or P-pictures to the

cunent picure in disPlaY order.

2.1.122 reorder buffer [videol: A buffer in the system target decoder for storage of a reconstructed l-
picurre tr areconstructed P-picnre.

2.l.l2j requantization laudiol: Decoding of coded subband samples in order to recover the original

quantized values.

2,l.lrreserved: The term "res€rved" when used in the clauses defining ttre code<l bitstrearn indicates

that the value may be used in the future for ISO/IEC defined extensions.

2.l.l2l reverse playback [videol: The process of displaying the picture sequence in the reverse of

display order.

2,l.126 scalefactor band [audiol: A set of frequency lines in l-ayer III which are scaled by one

scalefactor.

2.1.127 scrlefactor index [audiol: A numerical code for a scalefactor.

Z.l.l2B scalefactor laudiol: Factor by which a set of values is scated before quantization.

Z.l.l}g sequence header [videol: A block of data in the coded bitstream containing the coded

representation of a number of dara elements.

2.1.1y) side information: Information in the bitstream necessary for controlling the decoder.

2.1.131 skipped macroblock [videol: A macroblock for which no data are stored.

2.l.l31- slice [video]: A series of macroblocks. It is one of the layers of the coding syntax defined in

this part of ISO/IEC lll72-

Z.l.lJ3 slot laudiol: A slot is an elementary part in the bitstream. In Layer I a slot equals four bytes,

in Layers II and III one byte.

2.l.l3.4 source stream: A single non-multiplexed stream of samples before compression coding.

2.l.lgs spreading function laudiol: A function that describes lhe frequertcy spread of masking.

2.1.136 start codes [system and video]: 32-bit codes embedded in that coded bitstream that are

unique. They are used ior several purposes including identifying some of the layers in the coding synttu\.

Z.l.l37 STD input buffer [systeml: A first-in first-out buffer at the input of the system target

decoder for sbrage of compressed data from elementary sueams before decoding.

2.l.l3S stereo mode [audiol: Mode, where two audio channels which fonn a stereo pair (left and

right) are encoded within one bitstream. The coding process is the same as for the dual cbannel mode.

2.l.l3g stufling (bits); stuffing (bytes) : code-words that may be inserted into the compressed

bitstream that are discarded in the decoding process. Their purpose is io increase the bitrate of the stream.

2.l.l4[ subband [audiol: SuMivision of the audio frequency band.

2.l.l4l subband lilterbank [audiol: A set of bau<l filters covering the entire audio frequency range.

In ISO/IEC ll|72-3 the subband filterbank is a polyphase filterbattk.
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2.1.142 subband samples [audiol: The subband filterbank within the audio encoder creates a filtered
and subsampled representation of tlre input audio sireirm. The filtered samples are called subband samples.
From 384 time-consecutive input audio samples, 12 time-consecutive subband samples are generated within
each of the 32 subbands.

2,1,143 syncword laudiol: A l2-bit code embedded in the audio bistream that identifies the start of a
frame.

2.l.l$ synthesis filterbank [audiol: Filterbank in the decoder that reconstructs a PCM audio
signal from subband samples.

2.l,l4i system header [system]: The systern header is a data structure defined in ISO/IEC lll72-l
that carries information summarising the system characteristics of the ISO/IEC I I172 multiplexed stream.

2.1.146 systcm target decoder; STD [systeml: A hypothetical reference model of a decodittg
process used to describe the semantics of an ISO/IEC lll72 multiplexed bitstream.

2.1.147 time-stamp [system]: A term that indicates the time of an event.

2.1.148 triplet laudiol: A set of 3 consecutive subband samples frorn one subband. A triplet from
each of the 32 subbands forms a granule.

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

2.1.f 50 variable bitrate: Operation where the bitrate varies with tirne during the decoding of a
compnessed bitstream.

2.1.151 variable length coding; VLC: A reversible procedure for coding that assigns shorter code-
words to frequent events and longer code-words to less frequent events.

2.l.li2 video buffering verifier; VBV [video]: A hypothetical decoder that is conceptually
connected to the output of the encoder. Is purpose is to provide a constraint on the variability of the data

rate that an encoder or editing process may produce.

2.1.153 video sequence [videol: A series of one or more groups of pictures. It is one of the layers of
the coding syntax defined in this part of ISO/IEC lll72.

2.1.154 zig-zag scanning order [videol: A specific sequential ordering of the DCT coefficients from
(approximately) the lowest spatial frequency to the highesl

1
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2.2 Symbols and abbreviations

The marhematical operators used to describe 0ris Internationar Standard are similar to rhose used in the c

programming tuoguug".'IJ*rul, in*gef oi"irion-*ltr,-mn*tion and rounding are specifically dehned'

The bitwise operatofs are OenneO assufring tr"or'**pf"ment repres€ntation of integers' Numbering and

cornting loops generally begin from zero'

2.2.1 Arithmetic oPerators

+ Addition.

- Subtraction (as a binary operator) or negation (as a unary operaor)'

++ lncrement

DecremenL

* MultiPlication.

^ Power.

I lnteger division with truncarion of the result toward zero' For example' 714 and'714 ate

truncateO to 1 and '7 14 and 7 t4 are truncated o - l '

ll Integer division with rounding to llre nearest integer. Half-ineger values are rounded away

from zero unless otherwise sJrecified. ro, 
"*ttifte 

3/li is rouriOed to 2' and -3112 is rounded

to -2.

Integer division with truncation of lhe result towards --'

Absolute value. lx l= x when x > 0
lxl=0whenx==0
lxl=-xwhenx<0

Modulus operator. Defined only for positive numbers'

Sign(x) -l x>0- 0 x-0
-1 x <0

DIV

il

%

Sign( )

NINT()Nearestintegeroperator.Returnslhenearestintegervaluetothereal.valuedargumentHalf-
integer values are rounded away trom zero'

sin Sine.

cos Cosine.

exp ExPonential-

,t Squareroot.

logto Logarithm to base ten'

loge Logarithm to base e.

logZ Logarithm to base 2'

2.2.2 Logical oPerators

ll Logical OR.

&& Logical AND'
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! Logical NOT.

2.2.3 Relational operators

> Greater ttnn or equal to.

<= [.ess than or equal to.

: Equal to.

!= Not equal to.

max [,...,] the maximum value in the argument lisL

min [,...,] the minimum value in the argument list.

2.2.4 Bitwise operators

A twos complement nunber reprcsentation is assuned where the bitwise operators are used.

&. AND.

I OR.

2.2.5 Assignment

= Assignment operator.

2.2.6 Mnemonics

The following mnemonics are defined to describe the different dala types used in the coded bit-stream.

bslbf Bils$n-g, left bit firs! where "left" is the order in which bit strings are written in
ISO/IEC I1172.-Bit strings arc written as a sring of ls and 0s witlrin single quote
matks, e.g. '1000 0001'. Blanks within a bit string are for ease of reading andhave no
signihcance.

ch Channel. If ch has the value 0, the left channel of a stereo signal or the first of two
independent signals is indicated. (Audio)

ncb Number of channels; equal to I for single-channel mode, 2 in orher modes. (Audio)

g Granule of 3 * 32 subband sarnples in audio Layer II, l8 * 32 sub-band sanples in
audio tayer III. (Audio)

main-data The main-data portion of the bitstream contains the scalefactors, Huffman encoded
data, and ancillary information. (Audio)

main-data-beg The location in the bitstream of the beginning of the main_data for the frame. The
location is equal to the ending location of the previous frarne's main_data plus one bit.
It is calculated from (he main-data_end value of rhe previous frarne. (Audio)

paro-length rhe number of main-data bits used for scalefacrors. (Audio)
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rpchof Remainder polynomial coefficients, highest order firsl (Audio)

sb Subband. (Audio)

sblimit The number of the lowest sub-band for which no bits are allocated. (Audio)

scfsi Scalefacor selection information. (Audio)

switch_pointJ Number of scalefactor band (long block scalefactor band) fiom which point on window
switching is used. (Audio)

switchlrcint_s Number of scalefactor band (short block scalefactor band) from which point on window
switching is used. (Audio)

uimsbf Unsigned integer, most significant bit. first.

vlclbf Variable length code, left bit [ust, where "left" refers to the order in which the VLC
codes are written.

window Number of the actual time slot in case of block-type:l, Q < window < 2. (Audio)

The byte order of multi-byte words is most significant byrc first.

2.2.7 Constants

rE 3,14159265358...
e 2,71828182845...

2.3 Method of describing bitstream syntax

The birsrream retrieved by the decoder is described in2.4.2. Each data item in the bitstream is in bold type.
It is described by its name, its length in bits, and a mnemonic for its typ€ And order of transmission.

The action caused by a decoded data element in a bistrearn deJrends on the value of that data element and

on daia elements previously decoded. The decoding of the data elements and definition of the state variables

used in their decoding are described in2.4.3. The following constructs are used to express the conditions
when data elements are present, and are in normal type:

Note this syntax uses the C'-code convention that a variable or expression evaluating tro a non-zero value is

equivalent to a condition that is true.

while ( condition ) { If the condition is true, then the group of data elements occurs next
data_element in the data stream. This repeats until the condition is not true.

dot
data-element

) while ( condition )

if ( condition) {
data-element

)
else {

data-element

The data element always occurs at least once.

The data element is repeated until the condition is not true.

If the condition is tnre, then the fint group of data elements occurs
next in the data stream.

If the conditjon is not true, tten the second group of data elements
occurs next in the data stream.
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for (exprl; exg2; expr3) { expr! is an expression specifying the initializarion of rhe loop. Nornrally it
data-element specifies the initial state of the counter. expr2 is a condition speci$ing a tast

made before each iteration of the loop. The loop terminates when the condition
) is not true. expr3 is an expression that is perfonned at the end of erch iteration

of the loop, normally it increments a counter.

Note that the most common usage of lhis construct is as follows:

for( i=0;icn;i+r) {
data_element

The group of data elements occurs n tilnes. Conditional constructs
within the group of dara elements may depend on fte value of the
loop control variable i, which is set to zero for the first @cunence,
incremented lo one for the second occurrence, and so fortb.

As noted, the group of data elem€nts may contain nested conditional constructs. For compachess, the ( )
nray be omiued when only one data element follows.

data-element [ | data-element 0 is an anay of data The number of dara elements is indicated by
the context.

data-element Inl data-element [n] is the n+lth element of an array of clata.

data-element Iml[nl data-element [m][n] is the m+l,n+l th element of a two-dimensional array of
dara.

data-element [Ulmllnl data-element tl][m]tnj is the l+l,m+l,n+l th etement of a three-dimensional
anay of data-

data-element [m..nl is the inclusive range of bis between bit m and bit n in the data_element.

While the srytax is expressed in procedural tenns, it should not be assumed that 2.4.3 implements a
satisfactory decoding procedure. In particular, it defines a corect and enor-free input bitsream. Actual
decoders must include a means to look for start codes in order to begin decoding correctly, and lo identify
errors, erasures or insertions while decoding. The methods to identify these situations, and the actions io be
taken, are not standardizcd.

Definition ol bytealigned lunction

The function bytealigned Q returns I if the curent position is on a byte boundary, thar is the next bit in the
bistream is the first bit in a byte. Otherwise it returns 0.

Definition of nertbits function

The function nextbits 0 frermits comparison of a bit string with the next birs to be <lecoded in the
bitsueam.

Delinition of nert_start_code function

The next-start-co<le function removes any zero bit:urd zerobyte stuffing zurcl locates the next start code.

This function checks whether the current. position is bytealigned. If it is not, zero stuffing bits are presenr.
After that any number of zero bytes rnay be preseut tryfore the start-code. Therefore staft-;odes are always
bytealigned and may be preceded by any nurnber of zero stuffing bits.

I

J

No. of bits
next_start_codeQ {

while ( lbytealigned0 )
zero_bit

while ( nextbitsQ != '0000 0000 0000 0000 0000 0001,)
zero_byte

I

8

rr0(

"00000000,'
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2.4 Requirements

2.4.1 Coding structure and parameters

Video sequsnce

A coded video sequenoe commences with a sequence header and is followed by one or more groups of
pictures and is ended by a sequence_end_code. Immediately before each of the groups of pictures there may
be a sequence header. Within each sequence, pictures Srall be decodable continuously.

In each of these repeated sequence headers all of the data elements with the permitted exception of those
defining the quantization matrices (load-intra-quantizer_matrix, load-non-intra-quantizer-matrix and
optionally intra_quantizer_matrix and non_intra_quantizer_matrix) shall have the same values as in the first
sequence header. The quantization matrices may b€ redefined each tirne that a sequence header occurs in the
bitsream. Thus the data elements load_intra_quantizer_matrix, load_non-intra_quantizer-matrix and
optionally intra_quantizer_matrix and non-intra-quantizer_matrix may have any (non-forbidden) values.

Repeating the sequence header allows the data elements of the initial se4uenc€ header to be refrated in onler
that random access into the video sequence is possible. In addition the quantization matrices may be
ch,anged inside the video sequence as required.

Sequence header

A video sequence beader commences with a sequence_header-code and is followed by a series of data
elements.

Group of pictures

A group of pictures is a series of one or more coded pictures intended to assist random acoess into the
sequence. In the stored bitsream, the fint coded picture in a group of pictures is an l-Picture. The order of
the pictures in the coded sfeam is the order in whicb the decoder processes them in normal playback. In
particular, adjacent B-Pictures in the coded stream are in display order. The last coded picture, in display
order, of a group of pictures is either an l-Picture or a P-Picture.

Tbe following is an example of groups of pictures taken from the beginning of a video sequence. In this
example the first group of pictures conhins seven pictures and subsequent groups of pictures concain nine
pictures. Tbere are nvo B-pictures between successive P-pictures and also two B-pictures between
successivs I- and P-pictures. Picture 'lI' is used to form a prediction for picture '4P'. Pictures 4P' and '1I'
are both used to form predictions for pictures '28' and '3B'. Therefore the order of pictures in the coded
sequence shall be'1I', 4F, '2B', '3B'. However, the decoder should display them in the order'1I', '28', '38',
'4P'.

At the encoder input,

[,

t
t
t
t
t
t
t
t
t
t
t
t
t
t

t
t.

t

I

ll r 2 3 4 5 6

ll r B B P B B

42375
PBBPB

zllr 9 l0 u t2 13 t4 ls roll rz r8 19 20 2L 22 23 24 2spls B I B B P B n nll n o r B B P B B P

At the encoder output, in the stored bitstream, and at the decoder input,

lll
" 
ll'f t 9 t3 ll t2 16 14 15

BPBBPBB
l9 t7 r8 22 20 21 25 23 24
IBBPBBPBB

where the double vertical bars mark the group of pictures boundaries. Note that in this example, the first
group of pictures is two pictures shorter than subsequent groups of pictures, since at the beginning of video
coding there are no B-pictures preceding the first l-Picure. However, in general, in display order, there may
be B-Pictures preceding the fint l-Picture in the group of pictures, even for the first group of pictures to be
dmded
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At the decoder output,

| 2 3 4 5 6 ? 8 9 l0 ll L2 13 14 15 16 17 18 19 zo 21 22 23 24 25

A group of pictures may be of any length. A group of pictures shall contain one or more I-Pictures.

epplicationsrequiring random access, fast-fonlard playback, or fast and normal reverse playback may use

relatively short groups of pictures. Groups of pictures may also be started at scene cuts or other cases

where motion compensation is ineffective.

The nunber of consecutive B-Pictures is variable. Neiilrer B- nor P-Pictures need be present.

A video sequence of groups of picturcs that is read by the decoder may be different from the one at the

encoder ouPut due to editing.

Picture

A source or reconstructed picture consists of ttrree rectangulaf matrices of eight-bit numbers; a luminance

matrix (Y), and two chrominance matrices (Cb and Cr). The Y-matrix shall have an even number of rows

and columns, and the Cb and Cr matrices shall be one half the size of the Y-matrix in both horizontal and

vertical dimensions.

The Y, Cb and Cr components are related to the prfunary (analogue) Red, Green anrl Blue Signals G'R, E'G

and Er) as described in CCIR Recommendation 601. These primary signals are galnma pre-conected. The

assumed value of gamma is not defined in this part of ISOAEC I I172 but may typically be in the region

approximately 2,2to approximately 2,8. Applications which require accurate colour reproduction may

c-trbose o specify the value of gamma more iccurately, but this is outside the scope of this part of ISOIIEC
ttt72.

The luminance and chrominance samples are lnsitioned as shown in figure 5, where "x" marks the position
of the luminance (Y) samples and "0" marks the position of the chrominance (Cb and Cr) santples:

Figure 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 code<I using information only from ilself.

A Predictive-coded picture (P-picture) is a picture which is coded using motion compensated
prediction from a past l-Picture or P-Picture.

A Bidirectionally predictive-coded picture (B-picture) is a picture which is coded using motion
compensated prediction from a past and/or future I-Picture or P-Picture.

A dc coded (D) picture is coded using infonnation only froln ilself. Of the DCT coefficients only the

dc ones are present. The D-Pictures shall not be in a sequence conlaining :uty other picture types.
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Slice

A sllce is a series of an arbitrary number of rr,acroblocks with the ordef of macroblocks starting ftom tbe

uper-left of rhe picture *O pto"".Aing qy TF;-t"- otO.t from left O right and op to bottom' The fifst

and lasr nracrobtocks of 
" 

sri[ shall nit i.t ttipp"O trcrobr55' @n2'4'4'4)' Every slice sball contain at

least one nacroblock. Stices sball not overlap'and there shall be no Saps between slices... Tbe pcition of

srices may change rio'";.ii-t"* ;;fu"*: rri" doirii.e shall san iiin rl'e first nacroblock in the picture

,rO rl. f".t sUdsnaU enO *itn 15e lastmrroUlock in the picture.

Macroblock

A mecroblock contains a lGpet by l6-line section of luminance component anq ut9 sp4{lv corresponding 8-pel by

g-line section of each chronrinance co*pon.n,l lr*rouro"r nas I rtftiinance blocks ano z cnrominance blocks' The

rerm "mrroblock" can refer to y)uroe . ro*r*"f"{ dafa m to scaleG qt'anfzd coefficients' Tbe order of blocks in a

mrroblock is roplefr, toprigbr, bottom-lefr, tir*--riirtt blocksfor yi ro[owed by cb and cr. Figure 6 shows the

arnrngemenr of tbese b6ks. 
-n ,ripp"o.*.tro"k is 5ne for whicb no infomr,ation is stored (see 2.4.4'4)'

@ lsonEc ISO/IEC 11172'2: 1ee3 (E)

YCbCr

Figure 6 " The rrrsngcment of blocks in s macroblock'

Block

A blDd( is an orthogonat 8-pel by 8'line section of a luminance or chrominance componenL

Tb temr "blak" can refs eifber to source and reconstrucfed data or to the com'sponding coded data

elements.

Reserved, Forbldden and Marker blt

The temrs "rEserved, urd "forbidden" al€ used in the description of sorne values of several tields in the coded

bitstream.

The term "res€fved' indicates that $e value may be used in the fuurre for tso/IECdefined extensions'

The rerrr "forbidden" indicates a value that shall never be used (usually in order to avoid emulation of start

codes).

The tenn "marter_bit" indicates a one bit field in which tbe value zero is forbidden. These marker bis are

int.ou."oatsevefalpointsintlresyntaxtoavoidsta't-cdeemulation.
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2.4.2 Specification ol the coded video bitstream syntar

2.4.2.1 Start codes

Start codes are reserved bit pauerns lhat do not otherwise occur in the video stream. All start codes are

bytealigned.

lecimal value
picUne-start-code
slice_smrt-codes (including slice-vertical-positions)

00m0100
00000101
ttuough
000001AF
00000180
00000181
00000182
00m0183
00000184
m000lB5
000001B6
00000187
000001B8
00000r89
through
000001FF

rcserrved

reserved
user_dah_start_ode
seqtu ce-header-code
sequerrce_erru-code
extension_staft_code
resenved

seqwnce-and_code
group_start-code
system start codes (see note)

NOTE - System start codes are defined in ISO/IEC lll72-l

The use of the start codes is defined in the following syntax description with the exception of the
s€quence_eror-code. The sequence_error_code has been allocated for use by the diginl sorage media
lrlrtffface to indicat€ where uncorrectable errors have been detected.

2.4.2.2 Video sequence layer

Svntnx No. of bits Mnemonic
video-sequerce0 {

next_start_codeO
do{

sequare-headerQ
dot

group_of_pictures0

) while ( nextbits0: group start_code )
) while ( nextbitsO - sequence_header_code )
sequcnce-end_code

)

32 bslbf
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Svntax No.of bits Mnemonic
sequrc-beaderQ {

sequence_beader_code
horizontal_size
vertical-size
pel_aspect_ratio
picture_rate
bit_rate
marker-bit
vbv_buffer_size
constrained_parameters_fl ag
load-intra-qua ntizer_matrix
if ( load-inra_quantizer_matrix )

intra_quantizer_matrix Il
load_non_intra_q uantize r_matrix
if ( load_non_intra_quantizer_matrix )

non_intra_quantizer_matrix Il
next_start_code0
if (nextbitsQ == extension-staft-code ) (

extension_start_code
while ( nextbits 0 != '0000 0000 0000 0000 0000 0001' ) {

seq ue nce_extension_data
)
nexLstart_codeo

)
if (nextbitsQ: user-datit-start-code ) {

user_data_start_code
while ( nextbits0 !='0000 0000 m00 0000 0000 0001' ) (

user_data
)
nexLshrt_codeQ

)

32
t2
t2

4
4

t8

8 r64
1

8 r64

32

8

32

8

bslbf
uimsbf
uimsbf
uimsbf
uimsbf
uimsbf
rlrr
uimsbf

uimsbf

uimsbf

bslbf

bslbf

I
10
I
I

@ lso/lEc

2.4.2.3 Sequonce header

ISO/IEC 11172-2: 1 993 (E)

t
T
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2.4.2.4 Group of pictures layer

@ tso/tEc

Svntax No. of bits Mnemonic
gmup-of-picturesQ {

group-start-code
time-code
closed_gop
broken-link
next-start-code0
if ( nextbits0 : extension-smn-code ) {

extension-start-code
while ( nextbitsO != '0i000 0000 0000 0000 m00 0001') {

group-extension-data
)
next_start-codeQ

)
if ( nextbis0 : user-daca-start-code ) {

user data-start-code
while ( nextbitsO != '0000 0000 00m 0000 0000 (n0l' ) {

user-data
)
next_start_code0

)
do{

pictureQ

) while ( nextbitsO == picture-start-code )

32
2S
I
I

bslbf

32 bslbf

E

32 bslbf

8

l
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2.4.2.5 Picture layer

Mnemonic

picture_start_code
temporal-reference
picture-coding-type
vbv_deIay
if ( (picure_codingtype ==2) ll (picure_coding-type == 3) ) {

full nel forward vector
forward_f_code

)
if ( picure-coding-type : 3 ) {

f ull-pel_beck ward_vector
backward_f_code

)
while ( nextbitsO =='l') {

extra bit nicture
extra-information-p icture

)
extra-bit-picture
next_start_codeQ

if (nextbitsO : extension_start_code ) t
extension-start-code
while ( nextbitsQ != '0000 0000 m00 0000 0000 0001') {

picture_exte ns io n_data
)
next_start_codeQ

)
if ( nextbits0: user-data-start-code ) (

user_date_start_code
while ( nextbitsO != '0000 0000 0000 0000 UnO 0001' ) {

user_data
)
next_start_codeQ

)
do(

slic{
) while ( nextbirsO: slice-start-code )

I
3

I
3

I
8

I

32
l0

3
16

8

32

8

bslbf
uimsbf
uimsbf
uimsbf

uimsbf

uimsbf

ll rt

rr0il

bslbf

bslbf

32
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2.4.2.6 Slice layer

2.4.2.7 Macroblock layer

@ tso/lEc

Syntax No. of bits Mnemonic
slice0 {

s lice-start_code
quantizer-scale
wbile ( nextbits0 =='l') {

extra_bit_slice
extra_information_slice

)
extra_bit_slice
do{

macroblock0
) while ( nextbits0 !='000 0000 0000 0000 0000 0000' )
next_start_codeQ

)

bslbf
uimsbf

32
5

I
8

I

tt I
1

ir0il

Syntax No. of bits Mnemonic
macroblock 0 {

while ( nextbits0 - '0000 0001 I I t' )
macroblock_stuffin g

while ( nextbis0:'0000 0001 000')
macroblock_escape

macroblock_address_increme nt
macroblock_type
if ( macroblock_quant )

quantizer_scale
if ( macroblock_motion_forward ) {

motion_horizontal_forward_code
if ( (forward_f != l) &&

(motion_horizontal_forward_code != 0) )
motion_horizontal_forward_r

motion_vertical_forward_code
if ( (fonvard_f != l) &&

(motion-vertical-forwarrd_code != 0) )
motion_ve rtical_forward_r

)
if ( macroblock rnotion_backward ) {

motion_horizontal_backward_code
if ( (backward_f != l) &&

(motion_horizontal_backward_code != 0) )
motion_horizontal_backward_r

motion_vertical_backward_code
if ( OackwarO-f != 1; gg

(motion_venical_backward_code != 0) )
motion_vertical_backward_r

)
if ( macroblock_pattern)

coded_block_pattern
for ( i=0; i<6; i++ )

block( i )
if ( picture_coding_type :4 ;

end_of_macroblock
)

1l vlclbf

tl
r-l1
t-6

vlclbf
vlclbf
vlclbf

5 uimsbf

l-r1 vlclbf

l-6
1-lI

uimsbf
vlclbf

t-6 uimsbf

l-ll vlclbf

l-6
l-lr

uimsbf
vlclbf

l-6 uimsbf

3-9 vlclbf

1
rrl rr
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Svntax No. of bits Mnemonic
block( i ) {

if(parern_codetil ) {
if(macnrblock_intra) {

if (i<4) {
dct-dc_size-luminance
if(dc-size-luminance != 0)

dct_dc_differential
)
else (

dct-dc-size-chrominance
if(dc-size-chrom inance !=0)

dct-dc-differential
)

l
else {

dct_coeff_first
)
if (picturc-codingtype !=4) {

while ( nextbits0 !='10')
dct_coeff_ncxt

end-of-block
l

)

2-7 vlclbf

uimsbfl-8

2-8

l-8

vlclbf

uimsbf

2-28 vlclbf

3-2E
2

vlclbf
vlclbf

I

@ tso/tEc

2.4.2.8 Block layer

ISO/IEC 11172-2: 1se3 (E)

t
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2.4.3 Semantics for the video bitstream syntax

2.4.9.1 Video sequence laYer

sequence_end_code - The sequence-end-code is the bit string 00000187 in hexadecimal. It terminates a
video sequence.

2.4.9.2 Sequence header

scquence_header_code -- The sequence-header-co<le is the bit string 00000183 in hexadecimal. It
identifies the beginning ofa sequence header.

horizontsl sizc - The horizontal-size is the width of the displayable part of the luminance component
in pels. The width of the encoded luminance component in macroblocks, mb-width, is
(horizonal_size+15)116. The displayable part of the picture is left-aligned in the encoded picture.

vertical_size -- The vertical-size is the height of the displayable part of the luminance component in
pels. The height of the encoded luminance component in macroblocks, mb_height, is
(vertical_size+l5yl6. The displayable part of the picture is topaligned in the encoded picture.

pel_aspect_ratio -- This is a four-bit integer defined in the following trable.

nel asoect ratio heishr/widrh exarnnle

0000
0001
0010
0011
0100
0l0l
0lt0
0llt
1000
1001
r0l0
l01l
l 100
I lot
1110
illl

forbidden
1,0000
0,6735
0,7031
0,7615
0,8055
0,8437
0,893s
0,9157
0,9815
1,025-5
1,0695
1,0950
r, l 575
1,2015
rcserved

VGA etc.

l6:9, 625line

l6:9, 525line

CCIR601, 625line

CCIR60l, 525line

picture_rate - This is a four-bit integer defined in the following table.

Applications and encoders should take into :rccount the fact that23,9'16,29,97 and 59,94 are not exirct
representations of the nominal picture rate. The exact values are found fron 24 000/1 001, 30 000/1 001,
arrd 60 000/1 001 and can be derived frorn CCIR Report 6244.

nicture rate nictures Der second

0000
0001
0010
001r
0lm
0l0l
0l l0
0t 1t
r000

l11l

forbidlen
23,976
24
25
29,97
30
50
59,94
60
rcsenved
reserved
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bit_rate - Tbis is an integer specifying the bitrate of the birstream measured in units of 400 bits/s,

,o,io.oupwards. Thevat"ueziroiiroruioden. Thevalue3FFFF(ll llll 1l11 11lt llll)identifies
variable bit rate oPer,ation.

marker-bit -- This is one bit that shall be set to "1".

vbv_buffer_size - This is a 10-bit integer defining the size of the vBV (Video Buffering verifier, see

annex C) buffer needed o decode the sequence. It is defined as:

B = 16 * I 024 * vbv-buffer-size

where B is the minimum VBV buffer size in bits required to decode the sequence (see annex C).

constrained_paremeters_flag -- This is a one-bit flag which may be set to "1" if the following data

elements meet the following constraints:

horizontal-size <= 768 pels,

vertical-size <= 576 pels,
((horizontal-size+ 1 5 )/ I 6) *((vertical-size+ I 5)/ I 6) <= 396,
((horizontal-size+15)/16) *((vertical-sizr+15)/16)Xpicture-rate <= 396*25,

picture-rate <= 30 Pictures/s.
iorwrd_f_mde <= 4 (see 2.4.3.4)
backward-f-code <= 4 (see 2.4'3.4)

If rie constrainedparameters-flag is set, then the vbv-buffer-size field strall indicate a VBV buffer size less

than or equal to 327 680 bits (20r'1024*16; i.e. 40 kbytes).

If tlre constrainedlnrameten-flag is set, then the bit-rate field shall indicate a coded data rate less than or

equal to I 856 000 bits/s.

load-intra-quantizer-matrix -- This is a one-bit flag which is set to "1" if an intra-quantizer-matrix

follo-ws. f it is set to "0" then the default values defined below in raster-scan order, are used until the next

occur€nce of lhe se4uence header.

8
l6
t9
22
22
26
26
27

intra_quantizer_matrix -- This is a list of sixty-four 8-bit unsigned integers. The new values, stored in

b"rliogscanning order shown itt2.4.4.l,replace the default values showlt above' The value zero is

forbid--deri. The value for intra_guanrt0lt0l shall always be 8. The new values shall be in effect until the

next occurence of a sequence header'

load-non-intra-quantizer-matrix -- This is a one-bit flag which is set to " I " if a

non_intra_q*tizei_matrix follows. If it is set to "0" then the default values defined below are used until

the next occurence ofthe sequence header.

34
37
38
40
48
58
69
83

29
34
34
37
40
48
56
69

27
29
34
34
35
40
46
56

26
27
29
29
32
35
38
46

)1
24
27
27
29
32
34
38

l9
22
26
26
27
29
29
3-s

l6
16
,1

22
26
27
27
29

l6
l6
l6
l6
16
l6
16
t6

16
l6
l6
l6
l6
l6
l6
16

l6
l6
t6
l6
l6
l6
l6
l6

l6
l6
16
l6
l6
l6
l6
l6

l6
l6
l6
l6
l6
l6
l6
l6

l6
16
l6
r6
l6
r6
l6
16

l6
l6
l6
l6
l6
16
l6
l6

l6
l6
t6
l6
l6
l6
l6
l6

25
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non-intra-quantizer-matrix -- This is a list of sixty-four 8-bit unsigned integers. The new value.s,
stored in the zigzag scanning order shown in2.4.4.1, replace the default values shown above. The value
zero is fofiidden. The new values shall be in effect until the next occurence of a sequence header.

extension-start-code -- The extension-start-code is the bit string 00000185 in hexadecimal. It
identifies the beginning of extension <lata The extension data continue until receipt of another start code.
It is a requirement to parse extension data conectly.

sequence_extension_data -- Reserved.

user-data-start-code -- The user-data-start-code is the bit string 00m0lB2 in hexadecimal. It
identifies the beginning of user data" The user data continues until receipt of another start code.

user-data -- The user-data is defined by the users for their specific applications. The user data shall not
contain a string of 23 ot more zero bits.

2.4.3,3 Group of pictures layer

group-start-code -- The group-start-code is the bit string 00000188 in hexadecimal. It identifies the
beginning ofa group ofpictures.

time-code - This is a 25-bit field conuaining the following: drop_frame_flag, rime_code_hours,
time-code-minutes, marker-bit, time-code-seconds and time-code_pictur€s. fne nelOs conespond to the
fields defltned in tlrc IEC standard (Publication 461) for "time and control codes for video ape recorders', (see
annex E). The code refers to the first picture in ttre group of picnres that has a temporal_reference of zero.
11.^99p-t-t"-flag can be set to either "0" or "1". It may be set to "1" only if thi picture rate is
29,97H2. If it is "0" then pictures are counted assuming rounding to the nearest inte;rat number of pictures
persecond,'forexample2g,g7Hzwouldberoundedto-anOcouniedas30Hz. Ifitis""l"U,"nli"t*6
numbers 0 and I at the start of each minute, excepr minures 0, 10, 20, 30, 40, 50 are omitted irom the
count.

time_code ranqe of value bits
&op_frann_flag
time_code_hours
time-code_minutes
marker_bit
time_code_sconds
time_code__pictures

0
0
I
0
0

23
59

59

-s9

I
5
6
I
6
6

uimsbf
uimsbf
illI

uimsbf
uirnsbf

clased-gop " This is a one-bit flag which may be set to " I n if the group of pictures has been encoded
without motion vectors pointing to the previous group of pictures.

This bit is provided for 
-use 

during any editing which occurs after enco<ling. If ttre previous group of pictures
is. removed by editing, broken-link may be set to " I " so thar a decoder may auoio displaiing ine g-
ficturgs immediately following the first I-Picture of the group of picrures. However ii the closed-gop
bit indicates tlnt there are no prediction references to the previous group of pictures then tfre editor fr'y'
choose not to set the broken-link bit as these B-Pictures can be correctly decoded in this case.

broken-link - This is a one-bit flag which shall be sel to "0" during encoding. It is set to "1" to indicate
that the B-Picnres immediately following the lrst l-Picture of a group of pictures cannot be correctly
decoded because the other I'Picture or P-Picture which is used foipreriiction is not available (because of the
action of editing).

A decoder may use this flag to avoid displaying pictures that cannot be conectly decoded.

extension_start_code - See 2.4.3.2.

group_extension_data -- Reserved.

user_data_start_code - See 2.4.?.2.

user_data -- See 2.4.3.2.
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2.4.9.4 Picture laYer

picture_start_code -- The picture-start-code is a string of 32-bits having the value 00000100 in

hexadocimal.

tcmporat_reference -- The temporal-reference is a l0-bit unsigned integer associated wittr each input

picture. It is incremented by one, modulo 1024, for each input picure. For the earliest picture (in display

brUer) in each gfoup of pictures, the temporal-reference is reset to zero.

The temporal-reference is assigned (in sequence) to the pictures in display order, no temporal-reference shall

be omitted from the sequence.

picture_coding_type - The picture-coding-type identi_fies whether a picture is an intra-coded picture(I),

iteOictiw*oOei-pil-ture(P), UiOirectionatty preOictive<oOeO picture(B), or intra-oded with only dc

&fncients pictrtre(D) according to the following table. D-pictures shall never be included in the same

video sequence as the otlrer picture coding types.

nicture-codins-tylp- co<lins method

000
001
010
0ll
100
101

lll

forbidden
intra-oded (I)
pediaive+oded (P)

bidirectionally-predictive-coded @ )
dc inra-coded (D)
resenved

rcseryed

vbv_delay - The vbv_delay is a l6-bit unsigned integer. For constant bitrate operation, the vbv-delay

is used to set the initial occupincy of the decoder's buffer at the staft of decoding the picture so that the

decoder's buffer does not overflo; or underflow. The vbv-delay measures the time needed to hll the VBV

buffer frwr an initially empty state at the target bit rate, R, to the corect level immediately bfore the

cunent picture is rernoved from the buffer.

The value of vbv-delay is tle number of periods of the 90kHz system clock tlrat the VBV should wait after

receiving the final byti of the picture stari code. It may be calculated from the state of the VBV as follows:

:l
vbv delav =90000*B- /Rn

wherc:
n>0
B

n = VBV occupancy, measured in bis, imrnediately before removing picture n from the

buffer but after removing any group of picture layer data sequence header data

and ttre picture-start-iode that imrnediately precedes the data elements of
picture n.

R = birraie measured in bits/s. The full precision of the bitrate rather than the rounded

value encoded by the bit-rate field in the sequence header shall be used by the

encoder in the VBV model.

For non-constant bitrate operation vbv-delay shall have the value FFFF in hexadecimal.

fult_pcl_forward_vector -- If set to "1", then the motjon vector values decoded represent integer pel

offseis (rather than half-pel units) as reflected in the equations of 2.4.4.2.

forward_f_code -- An unsigned integer taking values I through 7. The value zero is forbidden^ The

variables forward_r_size and-forward-i used in the process of decoding the forward motion vectors are derived

from forward-f-code as described in 2.4.4.2

full_pel_backward_vector -- If set to " 1", tben the motion vector values decoded represent integer pel

offseis (rather than half pel unis) as reflected in the equations of 2.4.4.3.
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backward-f-code -- An unsigned integer taking values I ttrrough ?. The value zero is forbidden. The
variables backward-r-size aN backward-f used in ttte prooess of decoding the backward motion vectors are
derived from backward_f_code as described in2.4.4.3.

extra-bit-picture -- A bit indicates the presence of the following extra information. If
extra-bit-picture is set to n 

I ", extra-infonnation_picture will follow it If it is set to "0", rhere are no data
following it.

extra_information_picture -- Reserved.

extension_start_code - See 2.4.3.2.

picture_extension_data -- Reserved.

user_data_start_code - Ser-, 2.4.3.2.

user_data -- See 2.4.3.2.

2.4.9.5 Slice layer

slice-start-code -- The slice-start-code is a string of 32-bits. The first 24-bits have the value 000001
in hexadecimal and the last 8-bits are the slice-vertical-position having a value in the range 0l through AF
hexadecimal inclusive.

slice-vertical-position -- This is given by the last eight bits of the slice_start_code. It is an unsigned
integer giving tbe vertical position in macroblock units oi ilre first macroblock in fire slice. The
slice-vertical-position of the first row of macroblocks is one. Some slices may have rhe salne
slice-vertical-position, since slices may start and finish anywhere. Note that the slice_vertical_position is
constrained by 2.4.1to define non-overlapping slices with no gaps between them. The ma,rimum value of
slice_vertical_position is 175.

quantizer-scale -- An unsigned integer in the range I to 3l used to scale rhe reconstruction level of the
retrieved DCT coefficient levels. The decoder shaliuse this value until another quantizer_scale is
encountered either at the slice layer or the macroblock layer. The value zero is forbidden.

extra-bit-slice -- A bit indicates the presence of the following extra infonnation. If extra_bit_slice is
set to "1", extra-infonnation-slice wili fouow it. If it is set to;0", there are no daia following it.

extra_information_slice -- Reserved.

2.4.3.6 Macroblock layer

macroblock-sluffing '- This is a fixed bit string "0000 0001 1l l" which can be inserted by the encoder
to increase the bit rate to that required of the storage or transmission medium. It is discarded Uy tre Oecoaer.

macroblock_-esqPe -- The macroblock-escape is a fixed bit-string "0000 0001 000" which is used
when the difference between macroblock-address arut previous-mao6block_adclress is grearer than 33. It
causes the value of macroblock-address-increment to-be 33 greater than the value that witt Ue decoded by
su@uent mrroblock-escapes and the macroblock-address-increment ccxlewords.

For example, if there are two macroblock-escape codewords preceding the macroblock-address-increment,
then 66 is added to the value indicated by macroblock_addres_incrern-ent.

rnacroblock-address-increment - This is a variable length coded integer coded as p€r table 8.1 which
indicates the difference between macroblock-ad<lress and prev"ious-macrobloct<_aooress. ttre maximum
value of macroblock-ad&ess-increment is 33. Values greater than tlris can be encoded using the
mrcmblock_escape odeword.

The macroblock-address is a variable defining the absolute position of the current rnacroblock. The
macroblock_addrcss of the topleft macroblock is zero.
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The previous-macroblock-address is a variable detining the absolute position of the last non'skipped

macroblock (see 2.4.4.4 for the definitjon of skipped macroblocks) except at fte start of a slice. At the start

of a slice, previous-macroblock-address is reset as follows:

previous-macroblock-address=(slice-verticat-position-l)*mb-widtlt-1;

The spatial position in macroblock units of a macroblock in the picture (mb-row, mb-column) can be

computed ftom the macroblock-address as follows:

mb-row = macroblock-address / mb-width
mb-column = macroblock-address % mb-width

where mb-width is the number of macroblocks in one row of the picture.

NOTE - Tbe slice-verticallnsition differs from mb-row by one.

macroblock_type - Variable length coded indicator which indicates the method of coding and content of
the macroblock according to the tables B.2a through B.2d.

uncmblock-quant -- Derived from macroblock-type.

macroblock-motion-forward -- Derived from rracroblock-type.

macroblock-motion-backward -- Derived from macroblock-type.

macroblock-paitern -- Derived from macroblock-type.

macroblock-intra - Derived from macroblock-type.

quantizer_scale -- An unsigned integer in the range I to 3l used to scale the reconstruction level of the

rerieved DCT coefficient levels. The value zero is forbidden. The decoder shall use this value until another

quantizer_scale is encountered either at the slice layer or the macroblock layer. The presence of
quantizer-scale is determined from macroblock-type.

motion_horizontal_forward_code -- motion-horizontal-forward-code is decoded according to table
8.4. The decoded value is required (along with fonrard_f - se 2.44.2\ to decide whether or not
motion-horizontal-forward-r appears in the bitstream.

motion_horizontal-forward-r -- An unsigned integer (of forward-r-size bits - see 2.4.4.2) used in the

process of decoding forward motion vectors as described in2.4.4.2.

motion_vertical_forward-code -- motion-vertical*fonvard-code is decoded according to table 8.4.
The decoded value is required (along with fonvard-f - sen,2.4.4.2) to decide whether or not

motion-vertical-forward-r appears in the bitstream.

motion_vertical_forward_r -- An unsigned integer (of forward-r-size bits - see 2.4.4.2) used in the

process of decoding forward motion vectors as described in2.4.4.2.

motion_horizontal_backward_code -- motion_horizontal*backward-code is decoded according to

tableB.4. Thedecodedvalueisrequired(alongwithbackward-f - ree2.4.4.2)todecidewhetherornot
motion_horizontal-backward-r apfiears in the bitstream.

motion_horizontal_backward-r -- An unsigned integer (of backward-r-size bits - see 2.4.4.2) used in
the process of decoding backward motion vectors as described in2.4.4.2.

motion_vertical_backward-code -- motion-vertical-backward-code is decoded according to table 8.4.
The decoded value is required (along with brckward-f1 to decide whelher or not molion-vertical-backward-r
appears in the bitstream.

motion_vertical_backward_r -- An unsigned integer (of backward-r-size bis) used in fte process of
decoding backward motion vectors as described in2.4.4.3.

L
t".,

L-

t
L

L

t
L

L

L

L

L

t
L

L

L

L

L

I
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coded_block;rattern -- coded-block-pattern is a variable length code that is used to derive the variable
cbp according to rable 8.3. If macroblock-intra is zero, cbp--0. Then the pattem-code[i] for i=O to 5 is

derived ftom cbp using the following:

Parcrn-code[i] = 0;
if ( cbp & (l<<(5-i)) ) pattem-code[i] = 1'

if ( macroblock-intra ) pattern-code[i] = 1'

pattern_codet0l - If I, then the upper left luminance block is to be received in this macroblock.

panern_c@tll -- If l, then the upper right luminance block is to be received in this macroblock.

pattern_codet}l --lt 1, then the lower left luminance block is to be received in this macroblock.

pattern_codet3l - If 1, then lhe lower right luminance block is to be received in this macroblock..

putern_codet4l -- If l, then the chrominance block Cb is to be received in this macroblock.

pattem_codetsl -- If l, then the chrominance block Cr is to be received in this macroblock.

end_of_macroblock -- This is a bit which is set to "1" and exists only in D-Pictures.

2.4 .3.7 Block layer

dct_dc_size_luminance -- The number of bits in tle following dct-dc-differential code,
dc_size_luminance, is derived according to the VLC uable B.5a. Note that this data element is used in intra
coded blocks.

dct_dc_size_chrominance -- The number of bits in the following dct_dc_differential code,
dc_size_chrominance, is derived according to the WC nble B.5b. Note that this data element is used in
intna coded blocks.

dct_dc_differential - A variable length unsigned integer. If dc-size-luminance or dc_size_chrominance
(as appropriate) is zero, then dct_dc_differential is not present in the bitstream. &Lzz [] is the array of
quantized DCT coefficients in zig-zag scanning order. dct-zz[i] for i=0..63 shall be set to zero inilially. If
dc_size_luminance or dc-size-chrominance (as appropriate) is greater than zero, then dct_zzlO] is computed
as follows fmm dct_dc_differential:

For luminance blocks:
if (dct-dc-differential &( I <<(dc-size-luminance-l)))dct_zz[0]=dct_dc_differential ;
else dct_zz[O] = ( Gl) << (dc_size_luminance) ) I (dct_dc_differentiat+l) ;

For chrominance blocks:
if (dct_dc_differential& ( I <<(dc_size_chrominance-l)))dct_zz[0]=dct_dc_differential ;

else dct_zz[O] = ( Gl) << (dc_size_chrominance) ) I (dct_dc_differential+l) ;

Note that this data element is used in intra ccded blocks

example for dc_size_luminance = 3

dct dc differential M. zzl0l

000
001
010
011
100
101

ll0
1ll

-'l
4
-5

4
4
5

6
7

dct_coeff_first -- A variable length code according to tables B.5c through B.5f tbr the first coefficient.
The variables run and level are derived according to these tables. The zigzag-scanned quantized DCT
coefficient list is udated as follows.
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i=tutt;
if ( s:0 ) dct-zzfi] = level ;
if ( s == I ) dclzzli] = - level ;

The tbnns dct_coeff_fi$t and dct-coeff-next are run-length encoded and dct-zz[i], b=0 shall be sct o zero

iniri4ry. n varianb lengn coOe according totables B.5i throu.gh B.5f is used o repr9ry$-thg run'length

anOie"ef of the DCT.dfn"ienr. Note tiat tlris data element ii used in non-intra coded blocks.

dct_cocff_next - A variabte lengrh code according to tables B-.5c through B.5f for coefficients following

te-tint rerieveO. The variables rinr and level are OJrived according to these tables. The zigzag'scanned

quantized DCT cefficient list is updated as follows.

i=i+run+l;
if ( s:0 ) dct-zz[il = level ;

if ( s == I ) dct-zzlil =' level ;

If macroblock_intra : t then tbe term i sban be set to zero before the first dct-coeff-next of the block.

The decoding ofdct-coeff-next shall notcausa i o exceed 63.

end_of_block -- This symbol is always used to indicate frat no additional non-zero coefficients are

pteonfit is used e""n if d"t-"zt63l ii non-zero. Its value is the bit-string "10" as defined in table B.5c.
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2.4.4 The video decoding Process

Compliance requirements for decoders are con0ained in ISO/IEC lll724.

2.4.4.1 lntra'coded macroblocks

ln l-pictgres all macroblocks are intra<oded and stored. In P-pictures and B-pictures, some macroblocks

may 69 intra-coded as identilied by macroblock-type. Thus, macroblock-intra identifies the intra-coded

macroblocks.

The variables mb_row and mb-column locate the macroblock in lhe picture. They are defined in2.4.3.6.
Tbe definitiors of dct-dc-differential, ard dct-caff-next also have defined the zigzqg-scanned quantized DCT
coefficient lisL dct_zz[. F^ch dct-zz[ is located fur the macroblock as defined by pattern-codefi.

Define dct_recon[m][n] to be the matrix of reconstructed DCT coefficients of the bloclq wtrere the first index

identifies the row and the second the column of the matrix. Define dct-dcJ-pasL dcldc-cbJast and

dcr_dc_crgst to be the dct-recon[0][0] of the most recently decoded intra<oded Y, Cb and Cr blocks
respecrively. The predicors dct_dc_y-past, dct-dc-cb+ast and dct-dc-cr-past shall all be reset u the start
of a slice and at non-intra-coded macroblocks (including skipped macroblocks) to the value I 024 (128*8).

Define intra_quant[m][n] to be the intra quantizer matrix that is specified in the sequence header.

No1e that intra_quant[0][0] is used in the dequantizer calculations for simplicity of description, but the result
is ovenrritten by the subsequent calculation for the dc coefficient.

Define scan[m][n] to be the matrix defining the zigzagscanning sequence as foltows:

156
4713
812t7
ltlSu
19 23 32
22 33 38
343747
36 48 49

Where n is the horizontal index and m is the vertical index.

Denne past_intra_address a.s the macroblock_address of the most recently retrieved intra+oded macroblock
within the slice. It shall be reset a -2 at the beginning of each slice.

Then dct_recon[m][n] shall be computed by any means equivalent to the following procedure for the first
luminance block:

for (m=0; m<8; m++) {

for (n=0; n<8; n+r) {

i = scanlml[nl ;

dclreconlm] [n] = ( 2 * dct-zz[i] * quantizer-scale * intra-quantfml [n] ) /16 ;

if ( ( dct-reconlmllnl & I ) : 0 )
dct-recon[rn][n] = dct recon[m][rt] - Sign(dct-reconfml[n]) ;

if (dct-reconlml [n] > 2 M7) dct-reconlml [n] = 2 M7 :

if (dct-reconlmllnl < -2 048) dct-reconlm][nJ = -2 M8 ;

)

)
dct-recon[0][0] =dct-zz[0] * 8;
if ( ( macroblock_addres - past-inra-address > l) )

dct-recon[0][0] = (128 * 8) + dct-recon[O][0] ;

else
dct-reconlO] [0] = dct-dcJJmst + dct-reconl0] [0] ;

dct_dc$ast = dct_re@nt0llOl ;

Note that this process disallows even valued numbers. This has been found to prevent accumulation of
mismarch errors.

28
42
43
53
54
60
61
63

27
29
4l
4
52
-s5

59
62

l5
26
30
4
45
5l
56
58

t4
16
25
3l
39
6
50
57

0
2
3

9
10

2A
2l
35

32
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For the subsequent luminance blocks in the macroblock, in the order of the list defirred by the anay

pauern-codeO:

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

for (n=0; n<8; n+r) (

i = scanlml[n] ;

Ocifintiil inl = ( 2 * dcr-zzlil * quantizer-scale * intra-quantlmlfnl ) /16 ;

if (l dct-recontmltnl & I ):0 )
O"t-t*-"f"ilinl = <Ict-reconlmltnl - Sign(octreconlmllnl) ;

if (Oct-recorrtmllni > 2 047) dct-recon[m]lnl = 2 M7 i
iiio"it .oni*iini . -2 048) dct-reconlml[n] ='2 M8 ;

)

)
<kt-recont0ll0l = dct-dc-ylxlst + (dct-zz[O] * 8) ;

dct-dc$ast = dct-reconl0ll0l ;

For the chrominance Cb block':

for (m=0; m<8; m++) {

1s1(n4i n<8; n+r) {
i = scan[m][n] ;

ocirerontintinl = ( 2 * dct_zzlil * quantizer_scale * intra_quantlmlfnl ) /16 ;

if ((dct-recontmltnl& I ):0)
o.t-"ioii"ilinl = ott-tttontmltrrl - Sign(-dct-reconlmllnl) ;

if (dct-recontmltni > i M7) dct-reconlmlln] =2M7 ;

iriO"i-ro*i*iinl . -2 048) dct-reconfml[n] = -2 M8 ;

l
)

dct-recon[0][0] =dct-zz[0] 
* 8;

if t t macioUlock-address - past-ltra-address ) > 1-)-

dct-recont0lt61 = 1i28 * 8) + dct-recon[0][0] ;

else
dct-recon[0][0] = dct-dc-cb-past + dct-recontOl tOl ;

dct-dc-cbJast = dct-recon[0][0J ;

For the chrominance Cr block' :

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

i = scanlm][n] ;

dct_recon[ml[n]=(2*dct-zz[il*quarrtizer-scale*intra_quarrt[m]ln])/16;
if (l dct-reconlrnllnl & I ):0 )

oct-reconitn I [n] = dct-recon [rn] [nl - S i gn(dct-recon[m] [d ) ;

if (dct-reconlrnllni > i 047) dct-reconlmllnl = 2 M7 ;
iiio"it 

"ttitniini 
. -2 048) tlct-recon[rn][n] = -2 M8 ;

)

)
dct-recon[0][0] = dct-zzfO] * 8 ;
if a(macroblock-address -past-intra-address ) > 1 )

dct-recont0lfol = (i28 * 8) + dctJeconl0ltOl ;

else
dct-recon[O] [0] = dct-dc-crJmst + dct-reconl0] [0] ;

dct-dc-crlast = dct-recont0l l0l ;

After all the blocks in the macroblock are processed:

past-intra-ad&ess = macroblock-address :

values in the coded data elemens leading to dct-recon[0]t0l < 0 or <lct-recont0lt0l > zM1 are not permitted'

Orrce the DCT coefficients ar€ reconstructed, the inverse DCTtransform defined in annex A shall be applied

to obtain the inverse tr-iror*.a pel values in rhe range [-256, 2-55]. These pel values shall be limited to

L

't

-.]
II

l
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the range [0, 255] and placed in the luminance and chrominance matrices in the positions defined by
mb_row , mb_column, ud the list defined by the aray pattern_code[J.

2.4.4.2 Predictive-coded macroblocks in P-pictures

Predictive<oded macroblocks in P-Pictures are decoded in nvo steps.

FirsE the value of the fonpard motion vector for the macroblock is reconstructed and a prediction
macroblock is formed, as detailed below.

Second the DCT coefficient infqmation stored for some or all of the blocks is decode{ dequantize4 inverse
DCT transforme4 and added to the pediction macroblock.

Let recon-rigbt-for and recon-down-for be the reronstructed horizontal and vertical components of
the motion vector for the cunent macrobloclg and recon-right_forJrev and recon_down_forlrrev be the
reconstructed motion vector for the previous predictive-coded macroblock. If the crxrent macroblock is the
first macroblock in the slice, or if the last m,acroblock that was decoded contained no motion vector
information (either because it was skipped or macmblock_motion_forward was zero), then
recon_right_for_prev and recon down_forlrrev shall be set to zero.

If no forward motion vector data exists for the cunent macroblock (either because it was skipped or
macroblock-motion-forward:0), the motion vectors shall be set t,o zero.

If forward motion vector data exists for the current macroblock, then any means eguivalent to the following
procedure shall be used to reconstruct the motion vector horizontal anct venical components.

forward-r-size and forwrd-f are derived from forward_f_code as follows:

forward_r_size = forward_f_ode - I
forward_f = I <<fonpard_r_size

if ( (fonpad_f : l) ll (motion_horizontnl_forward_code:0) ) {
complement_hmizontal_fonrard_r = 0:

) else {
plement-horizontal-forward-r=fonvard-f - I -motion_horizontal_forward_r;

)
if ( (forward_f : l) ll (motion_vertical_forward_code :0) ) {

complement_vertical_fonvard_r = 0;
) else {

plement-vertical-forward-r = forward_f - I - motion_vertical_fonvard_r;
)

right_liUle = motion_horizontal*fonvard_code * fonvard_f;
if (right_littte : 0) {

right-big = Q;

) else {

if (right_tiale > 0) {
rightJittle = righ t_littl e - complement*horizontal_forwar<l_r ;
right-big = right-littte - (32 * forward_f)l

) else {
right_little = right_little + com pl ement_horizontal_forward_r ;
right_big = right_little + (32 * forward_0;
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down-little = motion-vertical-fonrard-c@ t forward-f;
if (down-litile :0) {

down-big = Q;

)else {
if (down_liute > 0) {

down-tule = down-liule - complement-vertical-fonvard-r ;

down-big = down-little '(32* fonlard-O;
) else {

down little = down-little + complement-vertical-forward-r ;

down-big = down-little + (32 * forward-0;

)

)

Values of fonpard_f, motion-horizontal-fonvard-code and if present, motion-horizontal-fonrrard-r sball be

such that rigbtjide is not equal to forward-f * 16.

Values of fonvard_f, motion-vertical-fonvard-code and if present, motion-vertical-forward-r shall be such

that down-little is not equat to forward-f * 16.

max = ( 16 * forward-f ) - 1 ;
min=(-16*forward-f);

new-v@tor = recon-right-for-prev + right-little ;

if ( (new-vector <= mar() && (new-vector >= min) )
recon-right-for = recon-right-for-prev + right-litile ;

else
r€con-right-for = recon-ri8ht-for-prev + right-big ;

recon-right-for-prev = recon-right-for ;

if ( fu[-pel-forward-vectm ) recon-right-for = recon-right-for << 1 ;

new-vector = recon-down-forJrev + down-little ;

if ( (new-vector <= milt) && (new-vector >= min) )
recon-down-for = recon-down-for-prev + down-little ;

else
recon-down-for = recon-down-for-prev + down-big l

recon-down-forlrrev = recon-down-for ;

if ( full-pel-forward-vector ) recon-down-for = recon-down-for << I ;

The motion vectors in whole pel units for the macroblock, right-for and down-for, and the half pel unit

flags, right-balf-for and down-tralf-for, are computed as follows:

Motion vectors leading to references ouSide a reference picture's boundaries are not allowed.

A positive value of the reconstructe<t horizontal motion vector (right-for) indicates that the referenced area of
ttre past reference picture is to the right of the macroblock in the coded picture.

A positive value of the reconstructed venical motion vector (down-for) indicates that the referenced area of
thC pst reference picture is below the macroblock in the coded picture.

Defining pel_pasttttl as the pel values of the past picture referenced by the fonvard motion vector, and

pelU[ as the predictors for the pel values of the block being decoded, then:

if ( (! right-balf-for )&& (! down-half-for) )
pel ti I U I = peljast [i+down-for] [i+ri gh t-forl ;

t
t
t
t
t
t
t
t
t
t
L

L

t
L

t

for luminance for chrominance

right-for = recon-right-for >> l;
down-for= recon-down-for>> I ;

right -half-for = recon-right-for - (2*right-for) ;

down half_for = r€con-do@

right-for = ( recon-right-for / 2) >> I ;

down-for = ( recon-down-for / 2 ) >> I ;

right-half-for = recon-right-for2 - (2*right-for) ;

down half-for = recon-down -forl2 
- (21down-&Dl
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if ( (! right-half-for) && down-half-for )
pel ti I U 1 = ( pel-past[i+down-for] [+ri ght-for] +

pel_past[i+down_for+ I ] [+ ngbt_tor] ) I I 2 :

if ( right-tralf-for && (! down-half-for) )
pel til U I = ( pel-past[i+down_for] [+ri ght_for] +

pel;nst[i+down_for] f+right_for+ I ] ) // 2 ;

if ( right-half-for && down-half-for )
peltilUl=(pel-pastfi+down-forl[i+right-forJ+pel-"past[i+down_for+1Jff+right_for]+
pel past[i+down_for]ff+right_for+ll + pel_past[i+down_for+1lff+righr_for+l]\ ll 4;

Define non-intra-quant[m][n] to be the non-intra quantizer rratrix that is specified in the sequence header.

The DCT coefficients for each block present in the macroblock shall be reconstructed by any means
equivalent to the following procedure:

for ( m=0; m<8; m++ ) {

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

i = scanlmJlnj i
dct-recon[m] [n] = ( ( (2 * dct:zzlil) + S ign(dct-zz[t]) ) *

quantizer_scale * non_intra_quantfml [n] ) I 16 ;
if ( ( dct-reconlmlfnl & I ) : g ;

dct-recon [m] [n] = dct-recon [m] [nl - S ign(dct_recon [m] [n]) ;
if (dct_reconlmllnl > 2047) dct_reconlmllnl =2M7 ;

if (dct_reconlm]fnl < -2048) dct_reconlml[n]= -2048;
if(dct-zzli]:0)

dct-reconfm][nJ = 0;
)

)

dct-recon[m][nl = 0 for all m, n in skipped macroblocks and when pattern[il - 0.

Once the DCT coefhcients are reconstructed, the inverse DCT transform defined in annex A shall be applied
to obtain the inverse transformed pel values in the interval l-256,2551. The inverse DCT pel values shall
be added to ttte peltilUl which were computed above using the motion vecrors. The result of the additjon
shall be limited to the intervd [0,2551. The location of the pels is detennined from mb_row, mb_column
and the pattem_code list

2.4.4,3 Predictive-coded macroblocks in B-pictures

Predictive-coded macroblocks in B-Pictures are decoded in four steps.

First, the value of the fonrard motion vector for the maooblock is reconstructed from the retrieved forrpard
motion vector information, and the forward motion vector reconstructed for the previous macrobloclg using
the same procedure as for calculating the forward motion vector in P-pictures. However, for B-pictures the
previous reconstructed motion vectors shall be reset only for the first macroblock in a slice, or when the
last macroblock that was decoded was rul intra-coded macroblock. If no forward motion vector data exists for
the current macroblock, the molion vectors sha]l be obtained by:

recon_right_for = recon-right_for_prev,
recon_down_for = recon_down_for.lrrev

Second, the value of the backward motion vector for the macroblock shall be reconstructed from the
retrieved backward motion vector information, and the backward motion vector reconscructed for the
previous macroblock using the same procedure as for calculating the forward motion vector in B-pictures.
In this procedure, the variables needed to find the backward motion vector are substituted for the variables
needed to find the foruard motion vector. The variables and coded data elements used to calculate the
backward motion vector are:

recon-right-backlrev, recon_down_back_prev, backward_f_code, full_pel_backward_vector
motion_horizontal_backward_code, motion_horizon Lrl_backward_r,

motion_vertical_backward_code, motion_vertical_backward_r,
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backwrd-r-size and backward-f are derived from backward*f-code as follows:

backward-r-size = backwtrd-f-code - I
trackwrd-f = I <<brkward-r-size

The following variables result ftom applying ilre algorithrn in2.4.4.2, modified as described in the

previous paragraphs in this clause:

riglrt-for rigbt-half-for down-fcr down-half-for
right-back right-half-back down-brck down-half-back

They define the integral and tulf pel value of the rightward and downrvard components of the forward motion

"ectr 
(wnicn references ftre paSlidrne in display mder) and the backward motion vector (which references

the fuuue picture in display order).

Third the predictms of the pel values of the block being decode{ pel [][], are calculated. If only forward

motion vector infonnation was retrieved for the macrobloctq ttren pel[][ of the decoded picture shall be

calculated according to the formutas in2.4.4.2. If only backward motion vector information was retrieved

for the macroblock, then pelUtl of the decoded picture shalt be calculated according to the formulas in the

predictive+oded macroblock clause, with "back" replacing "for", and pet-futureljll replacing pel-pastt]tl. lf
inth fulnanO and backward motion vectors information are retrieve4 then let pel-for[][] be the value

calculated from the past picture by use of the reconstructed fonpard motion vector, and let pel-backtl0 Ue

the value calculatedfrom the future picture by use of the reconstructed backward motion v@tor. Then lhe

value ofpel[][] shall be calculated by:

pelU[ = ( pel-for[][] + pel-backl]l ) il 2 i

Define non_intra_quant[mJln] to be tlre non-intra quantizer matrix tlrat is sJrecified in the sequence header.

Fourth, the DCT cefficients for each block present in the macroblock shall be reconstructed by any means

equivalent to the following procedure:

for ( m=0; m<8; m++ ) (

for ( n=0; n<8; n+r ) {
i = scanlm][n] ;
dct-reconlml [n] = ( ( (2 * dct-zztil) + S ign(dct*zz [i]) ) *

quantizer-scale * non-intra-quant[m] [n] ) I 16 i
if ( ( dct-reconlmllnl & I ):6;

dct-recon [m] [n] = dct-recon [m] [n] - S ign(dct-recon [m ] [n] ) ;
if (dct-recontmllnl > 2 047) dct-reconlmllnl =2M7 ;

if (dct-reconfm][n] < -2 M8) dct-reconlml[n] = -2 M8 ;

if(dct-zzlil:0)
dct-reconlrn][n] = 0 '

)

)

dct-reconfm][nl = 0 for all m, n in skipped maooblocks and when pattern[i] : 0.

Once tlre DCT coefficients are reconstructed, the inverse DCT transform defined in annex A shall be applied

to obtain the inverse transformed pel values in the range [-256, 255]. The inverse DCT pel values shall be

added to peltlfi, which were computed above from lhe motion vectors. The result of the addition shall be

limited to the interval t0,2551. The location of the pels is determined from mb-row, mb-column and the

pauern-code lisl

2.4.4.4 Skipped macroblocks

For some macroblocks there are no coded dat4 ttlat is neither motion vector itlfonnation nor DCT
information is available to the decoder. These macroblocks are called skipped macroblocks and are indicated

when the macroblock-adclress-increment is greater than l.

In l-pictures, all macroblocks shall be coded zurd there shall be no skipped rnacroblocks.
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t
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In p-picnrres, the skipped uucroblock is defured to be a macroblock with a reronstructed motion vector

equat to zero and no DCT coefficients.

In B-pictures, rhe skipped macroblock is defined to have the same macroblock-type (fonvard, backward, or
both motion vecors) as the prior macroblock, differential motion vectors equal to zero, and no DCT
coefficients. In a B-picture, a skipped macroblock shall not follow an intra-coded macroblock.

2.4.4.5 Forced uPdating

This function is achieved by forcing the use of an intna-coded macroblock The update pattern is not

defined. For control of accumulation of IDCT mismatch error, each macroblock sball be intna-coded at least

once per every 132 times it is coded in a P-picture without an intervening I-picture.
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Annex A
(norrnative)

I by I lnverse discrete cosine transform

The 8 by 8 inverse discrete cosine transform for l-picures and P-pictures shall conform to IEEE Dnaft
Standar4 Pl180/D2, July 18, 1990. For B-pictures this specification may also be applied but may be
unnecessarily stringent. Note tlrat clause 2.3 of Pll80/D2 "Considerations of Specifying IDCT Mismarch
Errors" requires the specification of periodic inua-coding in order to control the accumulation of mismatcb
errors. ThemaximumrefreshperiodrequirementforthispartofISO/IEClllT2shallbe,l3zintra+oded
pichrres or predictive-coded pictures as stated in2.4.4.5, which is the same as indicated in Pl180/D2 for
visual telephony according to CCffT Recommendation H.261 [5].

I
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Annex B
(norrnative)

Variable length code tables

lntroduction

This anrrcx contains the variable length code tables for macroblock addressing, macroblock type,

macroblock pattem, motion vectors, and DCT coefficients.

8.1 Macroblock addressing

Table B.l. -- Variable length codes for macroblock_address_increment.

macroblock-address-
increment VLC code

increment
value

I
011
010
mll
0010

0001 I
0001 0
0000 lll
0000 110
0000 1011

0000 1010
0000 1001
0000 1000
0000 01 I I
0000 01r0

00000101 ll

I
2
3
4
5

6
7
8
I
10

ll
t2
l3
t4
15

l6

mrmblock_address_
increment VLC code

increment
value

0000 0101 10
0000 0r0l 01
0000 0l0l 00
m00 0100 ll
m00 0100 10

m00 0100 011
m00 0100 010
m00 0100 001
0000 0100 000
m0000ll lll
m00 00ll ll0
0000 00l l l0l
0000 0011 100
00000011 011
0000 00lr 010

0000 00ll 00r
00000011 000
00000001 llr
0000 0001 0(n

t7
18
r9
20
zl

22
23
24
25
26

27
28
29
30
31

32
33
macroblock-stuffmg
macroblock escaDe

lm
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8.2 Macroblock tYPe

The pnoperties of the macroblock are determined by rhe macroblock type vl-c according to these tables'

Table B.2a. " Variable length codes for macroblock-type in intra'coded

pictures (I'Pictures)'

mrcloblock-
rypeVLC code quant motion-

fbru/ard

macroblock-
motion-
badovad

macroblock-
pattern

macroblock-
inua

I
0l

0
I

0
0

0
0

0
0

I
I

Table 8.2b. - Variable length codes for macroblock-type in predictive'coded

pictures (P'Pictures)'

Table 8.2c. " Variable length codes- for macroblock-type in bidirectionally

p"Ji"ti""'"oded pictures (B'pictures)'

Table 8.2d. -- Variable length codes for macroblock-type in dc intra'coded

pictures (D'Pictures)'

h
rt

rt
Ll

[,
I

t

I

t

t

t

I
t
t
t
L

L

L

l

I
I

Ft

t

L

L

t

macroblock-
typ€VLC code

macroblock-
quant

macroblock-
motion-
ftr\rrdd

macroblock-
motion-
ttrlsard

macroblock-
panem

macroblock-
intra

1

0l
ml
00011
00010
00001
000001

0
0
0
0
I
1

1

1

0
I
0
I
0
0

0
0
0
0
0
0
0

I
1

0
0
I
I
0

0
0
0
1

0
0
1

macroblock-
rypeVLC code

macroblock-
qumt

macroblock-
modon-
fmr/dd

macroblock-
motion-
tncl$/vtrd

mircroblock-
pailern

macroblock-
intra

10
l1
010
011
0010
0011
00011
00010
00001 1

000010
000001

0
0
0
0
0
0
0
1

1

1

I

I
1

0
0
I
I
0
1

I
0

I
I
I
I
0
0
0
I
0
I
0

0
I
0
I
0
I
0
1

I
1

0

0
0
0
0
0
0
1

0
0
0
I

macroblock-
typeWC code

macroblock-
qwmt

macroblock-
motion-
fonnad

macroblock-
motion-
tncl<ward

macmblock-
paftem

macroblock-
intra

I 0 0 0 0 I

4t
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8.3 Macroblock pattern

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

@ tso/tEc

coded-block-puem
VLCcode cbo

lll
1l0l
l r00
10u
1010

l00l l
lml0
1000 I
1000 0
0lll I

0111 0
0r10 I
0110 0
0r0t I
0l0l 0

Orm l
0100 0
0011 ll
0011 l0
00ll 01

00n 00
0010 lll
0010 110
0010 101
0010 100

0010 0l r
0010 010
0010 001
0010 000
0001 llll
0001 ll10
(ml ll0l

60
4
8
l6
32

12
48
20
40
28

u
52
56
I
61

t
62
24
36
3

63
5
9
t7
33

6
r0
l8
34
7

ll
l9

coded_block_pattenr
VLC code cbn

0001
0001
0001
0001
0001

l 100
l0l l
l0l0
t00l
1000

0001 0l l l
0001 0110
0001 0101
0001 0100
0001 001 l

0001 0010
000t Oml
0001 0000
0000 1l1r
0000 lll0
0000 ll0l
0000 lr00
0000 l0ll
0000 1010
0000 l00l

0000 1000
0000 0l l I
0000 0lr0
0000 0l0l
0000 0100

000000il l
00000011 0
0000 0010 l
0000 0010 0
0000 0001 l

0000 mOl 0

3s
13
49
2t
4t

1.4

50
),,
42
15

5l
23
43
25
37

26
38
29
45
53

57
30
46
54
58

3l
47
55
59
27

39

42
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8.4 Motion vectors

Table B.4. .. Variable length codes for motion-horizontal-forward-code,
motion-vcrtical-forward-code, motion-horizontal-backward-code, and

motion-vertical-backward-code.

motion
VLCcode aode

0000 00lr 001
0000 00ll 01 I
0000 mll l0l
00m mll lll
0000 01m ml
0000 0100 0ll
0000 0100 ll
0000 0101 0l
00000101 1l
0000 0ll1
0000 1001
0000 l0lr
0000 ln
0001 l
00lr
0ll
I
010
0010
0001 0
0000 n0
0000 l0l0
0000 1000
0000 0l r0
00000101 t0
0000 0101 00
0000 0100 l0
0000 olm 010
0000 0100 000
00000011 110
000000il 100

0000 00ll 010
0000 00ll 000

-16
-15
-14
-13
-t2
-ll
-10
-9
-8
-7
4
-5
4
-3
-2
-l
0
I
2
3
4
5
6
7
8
I
t0
ll
t2
l3
T4

I5
l6
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8.5 DCT coefficlents

VLCcode dct dc size luminance

100
00
0l
l0l
110
l1l0
tlll0
lllu0
l11l ll0

0
I
2
3
4
5
6
7
I

VI-C code dct dc size chrominanoe

00
01
10
ll0
l ll0
11110
ll ll l0
ll11lr0
11111 I l0

0
I
t
3
4
5

6
7
8

@ lso/lEc

Table B.5a - Variable length codes for dct-dc-size-luminance.

Table 8.5b.. -- Variable length codes for dct-dc-size-chrominance.
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Table B.Sc. -- Veriable length codes for dct-coeff-first and dct-coeff-next.

dct_coeff-f int ard dct-coefi -nex t
variable lensth code NOTEI) run level

r0
ls (NOTE2)
11 s NOTE3)
011 s

0100 s
0l0l s

0010 I s

00ll I s

00ll 0 s
0001 l0 s

0001 1l s

0001 0l s

0001 00 s
0000 ll0 s

0000 100 s
0000 lll s

0000 101 s

0000 0l
0010 0l l0 s

0010 0001 s

0010 0101 s

0010 0100 s

0010 0l1l s
0010 0011 s

0010 0010 s

0010 0000 s

0000 0010 l0 s

0000 0011 00 s

0000 0010 11 s
00000011 1l s

0000 0010 01 s

00000011 l0s
0000 0011 0l s

0000 0010 00 s

end-of-block
0
0
I
0
2
0
3

4
I
5
6
7
0
2
8
9
escape

0
0
I
3
l0
ll
t2
l3
0
I
2
4
5

t4
l-s
l6

I
1

I
2
I
3
1

1

2
I
I
I
4
2
1

I

5

6
3
1

I
1

I
I
7
4
3
2
'l
I
I
I

I - The last bit's' derrotes the sign of the level, '0' for positive
'l' for negative.

2 - This code shall be used for dct-coeff-fint-
3 - This code shall tp used fordct coeff nexl

t

t

t

t

t

L

L

L

L

Iit
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Table 8.5d. .. Variable length codes for dct-coeff-first and dct-coeff-next.

dct-meff-fnst and dct-co€ ff-next
variable length code NOTE) run level

00000001 ll0l s

0000 0001 1000 s

00000001 0011 s

0000 0001 0000 s

0000 0001 10ll s

0000 0001 0100 s

00m0001 ll00s
0000 0001 0010 s

00000001 lll0s
0000 0001 0101 s
0000 0001 0001 s

00000001 l11l s

0000 0001 l0l0 s

0000 0001 1001 s

00000001 0lll s

0000 0001 0110 s

0000 0000 ll0l 0 s

00000000 ll00 I s

0000 0000 ll00 0 s

0000 0000 l0ll I s

0000 0000 l0ll 0 s
0000 0000 1010 I s

0000 0000 l0l0 0 s

00000000 1001 I s

0000 0000 l00l 0 s
0000 0000 1000 I s

0000 0000 1000 0 s

00000000 llll I s

0000 0000 ll11 0 s
0000 m00 lll0 I s

0000 0000 1110 0 s

000000001101 I s

0
0
0
0
I
2
3

4
6
7

8
l7
l8
l9
20
2l
0
0
0
0
I
I
2
3

5
I
l0
22
23
24
25
26

8
9
l0
ll
5
4
3

3

2
2
2
I
I
I
I
I
t2
l3
l4
l5
6
7

-5

4
3
,,

2
I
I
I
I
I

NOTE - The last bit's' denotes the sign of the level, 0' for positive,
'l'fcn neqative.

@ lso/lEc

4 Page 63 of 130



@ lso/lEc lSOllEC 11172-2: 1993 (E)

Table 8.5e. -- Variable length codes for dct-coeff-first and dct-coeff-next (concluded).

dct_meflfi rst and dcl-coeff-nex t
variable lensth code NOTE) run level

000000000111 ll s

0000 m00 0lll l0 s

0000 00m 0lll 0l s

0000 00m 0111 00 s

0000 0000 0ll0 11 s

0000 0000 0110 l0 s

m00 0000 0ll0 0l s

0000 0000 0l 10 00 s

000000000101 ll s

0000 0000 0101 l0 s

0000 0000 0l0l 0l s

0000 0000 0l0l 00 s

000000000100 ll s

0000 0000 0100 l0 s

0000 0000 0100 0l s

0000 0000 0100 00 s
000000000011 000s
000000000010 111 s

0000 0000 0010 ll0 s

0000 0000 0010 l0l s

0000 0000 0010 100 s
000000000010011 s

0000 0000 0010 010 s

0000 0000 0010 001 s

0000 0000 0010 000 s

000000000011 lll s

000000000011 l10s
000000000011 l0l s

m00 0000 00ll 100 s

000000000011 0ll s

0000 0000 00ll 010 s

0000 0000 00ll 001 s

0000 0000 0001 00ll s

0000 m00 0001 0010 s

0000 0000 0001 0001 s

0000 0000 0001 0000 s

0000 0000 0001 0100 s

0000 0000 0001 1010 s

000000000001 l00l s

0000 0000 0001 1000 s

0m0 0m0 0001 01ll s

0000 0000 0001 0ll0 s

0000 0000 0001 0101 s

000000000001 llll s

000000000001 lll0s
00000000 0001 1101 s

000000000001 ll00 s

000000000001 1011 s

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

I
I
I
I
I
I
1

I
I
I
6
ll
t2
l3
t4
l5
l6
27
28
29
30
3l

l6
t7
l8
l9
20
2t
22
23
24
25
26
27
28
29
30
3l
32
33
34
35
36
37
38
39
40
8
I
l0
ll
t2
l3
t4
l5
l6
t7
l8
3

2
I
2
2
2
2
I
I
I
I
I

NOTE - The last bit's' denotes the sign of the level, '0' for positive,
'1' for negative.

I

t

t

t

t

t

t

t

t
-

i
t

t

t_

I
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I
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Table 8.5f. -- Encoding of run and level following rn escape code either as a 14.bit
fixed length code (-127 <= Ievel <= 127) or as a 22.bit fixed length code

(-255 <= level <= -128, 128 <= level <= 255).
(Note - Thls ylelds totel escape code lengths of 20-blts and 2t.blts respectlvely).

fixed length code run

0000 00
0000 0l
0000 l0

llll ll

0
I

6?

fixed lenpth code level

forbidden
1000 0000 0000 0001
1000 0000 0000 0010

100000000111 llll
lffn fim lffn 0000

-256
-255
-2v

t29
128

1000 0001
1000 0010

llll 1110
ll11 11ll
forbidden
0000 0001

01lt llll

-127
26

-2
-l
0
I

I27

0000 0m0 1000 0000
0000 0000 1000 0001

0000 0000 ilil llll

128
t29

255
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Annex C
(norrnative)

Video buffering verifier

n>=0
B = VBV receiving buffer size given by vbv-buffer*size * 16 384 bits.

Bn = the buffer occupancy (measured in bia) just after time tn

R-= Uitrate measured in bits/s. The full precision of the bitrate rather than the rounded

value encoded by the bit-rate field in tlle sequence header shall be used by the

encoder in the VBV model.

P = nominal number of pictures per second

r = rhe rfune when rhe fth ccded picture is removed from the VBV buffer
n

L

t

t

1

-1

Constant rate coded video bitstreams shall meet constraints imposed through a video Buffering verifier

(VBD defined in clause C.1.

The VBV is a hypothetical decoder which is conceptually connected to lhe output of an encoder' Coded daa

.r" pf"..A i" tlle input buffer of rhe model decodeiat the constant bitrate that is being used. Coded data is

removed from the UufferasOenn"O in C.t.4, below. It is a requirement of the encoder (or editor) that the

ffirc*, it produces will not cause the vBV input buffer to either overflow or underflow.

C.1 Video buffering verifier

C.l.l The VBV and the video encoder have the same clock frequency as well as the same picture rate, and

are operated sYncbronousl Y.

C.1.2 The VBV has an input buffer of size B, where B is given in the vbv-buffer-size field in the

sequence header.

c.13 The VBV input buffer is initially empty. After filling the input buffer with all the data tllat

fr""rO6 the first piiuse .t-t .oO. anO rtre pi'ctire start code itself, the irrput buffer is filled from the

biaU"utrl for the time specified by the vbv-delay field in the video bitsream'

c.1.4 All of the picture data for the picture that has been in the buffer longest is instantaneously

removed. Then after.""t 5utu"quent picture interval all of the picture data for the picture which at that

time has been in the buffer longest is instantaneously removed'

For the purposes of this annex picture data includes any s€quence header and group of pictrre layer

dara tbar i.*Jia1gt;.*Oe ine picture start code as welias all the picture <lata elements and any

trailing stufnng Uis'oi Uytr. noirne fint coded picturein the video sequence' any zero bit or

Uyte s[rfnng iri*.Oi"tfi preceding the sequence ireader is also included in the picture data

The VBv buffer is examined immediately before removing any picture data and immediately after this

picture data is removed. Each time t," VBV is examinedlts ociupancy shall lie between zero bits and B

6ia *t 
"r", 

B is the size oirtre VBV buffer indicaterl by vbv-buffer-size in the sequence header'

This is a reguirement for the entire video bitsueam'

To meet these requirements the number of bits for the (n+l)'th coded picture dn*, shall satisfy

dn+l>Bn+(2R/P)-B

dn*l .= Bn + (R/p) Real-valued arithrnetic is used in these inequalities.

t

t

t

t

t

t

t

L

L

L

L

L

L

L

where
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B

0
vbv-delay

Sequence & GOP bits

n n+l
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n
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Figure C.l -. VBV buffer occuPancy
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Annex D
(informative)

Guide to encoding video l

[,
I

I

[,
I

D.1 lntroduction

Tbis annex pmvides backgrormd materiat to hetp_readerslnderstand and implement ttris part of ISO/IEC

ttt172. The normarive ;ffi;;arhii p"n 
"r 

riongc 11172 do not specify the design of a decoder' Thev

fruro. even less infomration about encoders; they do not specify whCt algorithms encoders should employ

in order o produce a valid bistreanr. Tbe normative *atetial is written in a concise fonn and contains few

"irt 
pfo; consequenUy is not easy to understand. This urnex attempts to address this problem by

ill"ind; .rdidnr"OoOr, giving exam_ples,-and discussing encoding and decoding algorithms which are

noi Oitectly covered by this part of ISO/IEC Lll72'

The normative clauses specify the bitstream in such a way lhat it is fairly straightforward ro design a

compliant decoder. p."t*"^"V differ considerably in arcnitecture and implementation details' but have

very few choices during the decodin-g process: ttre metroOs and the results of the decoding process are closely

specified. Decoders Ootlave some fieedom in metlrods of post processing and display, but t1e results of

such post processing cannot be used in subsequent decoding steps'

The situation is quite differenr for encoders. This part of ISO{EC l1 172 does not specify how to design or

implement an encoder wnicn proOuces gmd quality video. This annex devotes a major part to discussing

encoder algcithms.

This part of ISO/IEC 11172 was developed by ISO/IEC JTCI/SC29AVG11 which is widely lnown as

frApg'C (Moving Pict'res Expert Group). Thii part of ISOAEC 1l172 was developed in response 19

industryneeds i- 
"tt "m"rcni 

*oy or soring and retrieving audio and video information on digital storage

.rOA bS141. CD-ROM is an inexpensive medium whic-h can deliver data at approxulatefy 1,2 Mbits/s,

;;,1,i;;;&rbomC lllz2 was aimed ar approximatelv rhis.dlq rate. The "constrained parameters

ti6;.r;", a subser or arpermissible bitstrearni ttrat is expected to be widely-u9d'-t! limited to data rates

"p 
o fASb OOO uitVr. Hbwever, it shoutd be noted ttrat itris part of ISO/IEC 111?2 is not limited to this

value and may be used at bigber data rates.

Two olher relevant Intemational Sandards were being developed during th9 worl5 of rheJvlPEG video

committee: H.261 by Ccfff aimed at telecommunications applications [5], and ISO/IEC 10918 by the

IsO/tEC JTCI/SC29 ClFncl commitree aimed at the coding-6f still pictures [6]. Elemens of both of

rhese standards were incorfrorateO ino this part of ISO/IEC lll7z,but subsequent development work by lhe

courmittee resulted in coOing etements thaf are new to ttt! ry{ glls-Onec ln72' Le Gall [2] gives an

accounr of rhe merhod ui*f;irn iiorcc JTct/sc2g^l/Gi1 (MPEG) developed rllis part of ISo/IEc

lll7},and a summary of this flart of ISO/IEC I I 172 itself'

D.2 Overview
D.2.1 Video concePts

This part of ISO/IEC I1172 defines a format for cornpressed digital video. This annex describes some ways

in which practical encoders and decoders might be implemented'

Alrhough rhis part of ISO/IEC 11172 is quite flexible, rhe basic algorithms have been tuned to work well

at data rates of about I to 1,5 M bits/s, ai sparial resoiutions or about 3-50 pels horizontally by about 250

peli-uenically, and picture iates of abou ni n 30 picrures/s. The use of the word "picture" as opposed to

;fr*"" is OiiUerari. mis part or ISO/IEC 1 1172 codes progressively-scanned images and does not

recognize the concept of intirlace. Interlaced source video must be converted to a non-interlaced format

Uefob co6ing. nfrci decoding, the decoder may optionally prcxtuce an interlaced format for display'

This parr of ISOAEC I I172 is designed to permit several methods of viewing coded video which are

;;;it *r*i^,r.1 with VCRs suCt a, forward playback, freeze picture, fast forward, fast reverse, and slow

t

t

t

L

L

L

L

L

t

L

L

L

L

51Page 68 of 130



ISO/IEC't1172'2: 1 993 (E) @ tso/lEc

forward. In addition, random access may be possible. The ability of tlre decoder to implement these modes
depends to some extent on the nature of the digital storage medium on which the coded video is stored.

The overall process of encoding and &coding is illustrated below:

Figure D.l -- Coding and decoding process

Figure D.l shows a typical sequence of operations that must be performed before moving pictures can be
seen by a viewer. The unencoded source may exist in many forms, such as the CCIR 601 format" Clause
D.3 de.scribes how such a source may be converted ino the appmpriate resolution for subsequent encoding.
In the encoding step, the encoder must be aware of the decoder buffer capacity, and the need of the decoder to
match the rate of the media to the rate of filling the picture buffer with each successive picurre. To this
en4 a model of the decoder buffer and its overflow and underflow problem is introduced in D.4, and rate
control is described in D.6.1 The structure of an ISO/IEC lll72-2 bitstream is covered in D.5, as are the
coding operations that compress the video. Following the encoding process, the bitstream may be copied to
a storage medium. To view tle moving pictures, the decoder accesses the ISO/IEC lll72-2 bitstream, and
decodes it as described in D.7. Postprocessing for display is described in D.8.

D.2.2 MPEG video compression techniques

Video is represented as a succession of individual pictures, and each picture is treated as a two-dimensional
array of picture elements (pels). The colour representation for each pel consists of three components: Y
(luminance), and wo chmminance components, Cb and Cr.

Compression of digitized video comes from the use of several techniques: subsarnpling of the chrominance
information to match the sensitivity of the human visual system (HVS), quanrization, motion
compensation (MC) to exploit temporal redundancy, frequency transformation by discrete cosine transform
(DCI) o exploit spatial redundancy, variable length coding (VLC), and picrure interpolation.

0.2.2.1 Subsampling of chrominance information

The HVS is most sensitive to the resolution of an image's luminance comg)nenl, so the Y pel values are
encoded at full resolution. The HVS is less sensitive to the chrominance infonnation. Subsampling reduces
the number of pel values by systematically combining them with a type of averaging process. This reduces
the amount of information to be compessed by other techniques.The International Smndad retains one set
of chrominance pels for each 2x2 neighbourhood of luminance pels.

D.2.2.2 Quantization

Quantization represents a nange of values by a single value in the range. For example, converting a real
nurnber to the nearest integer is a form of quantization. The quantize<I range can be concisely represented as
an integer code, which can be used to recover the qumtized value during deccxling. The difference between
the actual value and the quantized value is called the quantization noise. Uncter some circumstances, the
HVS is less sensitive to quantization noise so such noise can be allowed to be large, thus increasing coding
efficiency.

Source Preprocessing Encoding

Storage
andor

Transmission

Decoding Postprocessing Display
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D.2.2.3 Predictive coding

predicrive codirrg is a technique o improve the compression througtr statistical redundancy. Based on values

"i 
p"f, p*"i"urt"y O."oO"4 both rfre encoder and decoder catr estimate or predict the value of a pel yet tro be

encoded or decoded. tne differcnce between the predicted and actual values is encoded. This difference value is

t" fraliati"" error which the decoder can use ro conect the prediction. Most error values will be small and

cluster around Oe vafue 
-d 

ti"* p.f values typically do not have largechanges within a smallspatial

""ig[ur"n""o. 
rur p.onuniilry histriuution'df the prediction€rrm isskewed and compresses better than the

OisftUution of the pei uJu"r tfo*r"lves. Additional infonnation can be discarded by quantizing the

nrediction error. In mis International Standard predictive coding is also used for the dc-values of successive

ir.urinance or chrominance blocks and in the encoding of motion vecttrs.

D.2.2.4 Motion compensation and interframe coding

Motion compensation (MC) pedics the values of a block pels in a picture by relocating a block of

;;ithb.*d pel values rroni a tnown picture. The motion is described as a two-dimensional motion

;;"; that silcifies where o rerrieve abtoct of pel values from a previously decoded picture ttrat is used o
pJi"t p"f nUuo of me current block. The simplest example.is a scene where the camera is not moving,

and no objecs in tfre sclne are moving. The peivalues at each image location remain the sarne, and the

motion vector for each Ufo"[ ir 0. In [enerat'ho*ener, the encoder may transmit a m9ti91t vector for each

rucroblock. Tbe translated block from the known picture becomes a prediction for the block in the picture

ul be encoded. fne tectrnique relies on the fact thaiwithin a short sequenc€ of pictures of the same general

*an", *y objects remain in the same location while others move only a short distance.

0.2.2.5 Frequency transformation

The discrete cosine transform (DcD converts an 8 by 8 block of pel values to an 8 by 8 matrix of

haizontal and vertical.poti"r fitqurncy coefficients. An 8 by 8 block of pel values qf F reconslructed by

performing rhe inverse di."t"t cosine transform (DCT) on the spatial frequency coefhciens. In general,

most of the energy is .od;ttated in the low frequency coefficients,.which are conventionally written in the

"ped. 
r.it*rno-grur" tonirot"r"o matrix. Compressiorr is achieved by a quantizationstep, where the

q',rioti-tion intervals are identified by an index. Since the encoder identifies the interval and not the exact

value within tbe interval, the pel values of the block reconstructed by the IDCT have reduced accurircy.

The DcT coefficient in location (0,0) (upper left) of the block represents lhe zero horizontal and zero

""niof 
freqgency and is called ttre Oc coetncient The dc coefficient is proponion{ to q" augrage pel value

oitlrt3 uy b uto,it, -i.ooiti""ur compression is provided mryu$ preoictive coding since the difference in

U* 
""r*g. 

value of neighbouring 8 by 8 blocks tends o be relatively small. The other coefficients

fepfesent one or mofe nuln*. noironiat or nonzero vertical spatial frequencle1, *d ary called ac

coefficients. The quanrization level of the coefficients corresponding to ttre higher spatial 
-frequencies 

favors

the creation of an ac coefficient of 0 by choosing a quantization step size such that the HVS is unlikely to

po.,*r rhe loss of the particul^r rpatiat freq^ueniy uhkss rhe coefficient value lies above lhe particular

[*"1i,"rion iever. rrre iraasticar en.ooing oi rtre i*pected runs of consecutive zero-valued coefficients of

ilignrr.ro"r coefficients accounts for considerable iompressiol gTn. To cluster nonzero coefficients early in

th6 series and encode as numy zero coefficients as possible following the last llonzero coefficient in the

otOoing, Oe cnefficient sequence is specified to bea zig-zagordering; see figure D.30. The ordering

.on."nil^t"* the highest spatial frequencies at the end of the series.

O.2.2.6 Variable-length coding

Variable-length coding (VLC) is a statistical cocling technique that assigns codewords to vdues to be

encod€d. Valires of hifi irequency of occurrence are assigned short codewonds, alrd those of infrequent

**na" are assigndo tong codeworos. on average, the more frequent shorter codewords dominate, such

that the code string is shorter than the original data

O.2.2.7 Picture interPolation

If fhe decoder reconstructs a picture from the past and a picture from {he future, then the intermediate

pictures can be r".on.truit"O by the techniqui of interpolation, or bidirectional prediction. Blocks in the

intermediate picuyes can be forward and backward pretlicted and translatecl by means of-motion vectors. The

decoder rnuy ,""onrt u.i p"t uutues belonging to a giuen block as an average of values from the past and

future pictures.

I

t

t

53Page 70 of 130



ISO/IEC 11172'2: 1993 (E) @ tso/lEc

O.2.3 Bitstream hierarchY

The ISO/IEC lll7z-2coding scheme is ananged in layers conesponding to a hierarchical strucnfe. A
sequencc is the 1op layer of the coding hierarchy and consists of a beader and some number of groups'

ofii"tu*" (GOpi). The sequence header initializes the state of the decoder. This allows decoders o
dec-ode any sequence without being affected by past decoding hisory.

A GOp is a nandom aocess point, i.e. it is the smallest coding unit that can be independently decoded

*ittrin a sequence, and consists of a header and some number of pictures. The GOP header contains time

and editing information.

A picturc corresponds O a single frame of motion video, or to a movie frame. There are four picture

tyfts: I-pictures, or intra coded pictures, which are coded without reference o any other pictures; P-
ji"tu""s, or predictive coded pictures, which are coded using motion compensation from a previous I or P-

irict rre; B.pictures, or bidirectional/y predictive coded pictures, which are coded using motion

Lompensatibn from a previous and a future I or P-picture, and D pictures, or D pictures, which are intended

onlyfor a fast forward search mode. A typical ording scheme contains a mix of I, P, and B-pictures.

fyiicatly, an l-picture may occur every half a second to give reasonably fast random access, with two B-
pictrnes inserted between each pair of I or P'pictures.

B

10

BB
r0 1r

PBBP
15 t6 l7 18

Figure D.3 -- Typical sequence of pictures in display order

whereas Ute bitstteam order would be as shown below:

P

11

-/

Figure D,2 -- Dependency relationship between I, B, and P'pictures

Figure D.2 illustrates a number of pictures in display order. The iurows show the dependency relationship of
the predictive and bidirectionally predictive coded pictures.

Note that because of the picturc dependencies, the bitstream order, i.e. the order in which pictures are

fursmiued, stored, or retrieve4 is not tlre display order, but rather the order which the decoder requires them

to decode the bitstream. An example of a sequence of pictures, in display order, might be:

I BB
t2 13 14

I BBPBBPBBP
0123 4 s 67 8 9

BP
1l 15

I PBBPBBPBB
0 31264 5 9 7 8

IB
t2 l0

BBPBB
13 t4 18 16 17

Figure D.4 -- Typical sequence of pictures in bitstream order

Because the B-picurres depend on the following (in display order) I or P-picture, the I or P-picture must be

transnitred and decoded before tte dependent B-pictures.

Pictures consist of a header and one or more slices. The picture header concains time, picture type, and
coding information.

A slice provides some irnmuuity to data comrption. Should the bits[eam become unreadable within a
pic0re, the decoder should be able to recover by waiting for tlre next slice, without having to drop an entire
picture.
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Slices consist of a hearler and one or more macroblocks. At the start of each slice all of the predictors,

for dc values and motion vectors, are reset. The slice header coniains position and quantizer scale

information. This is sufficient for recovery from local comtption.

A macroblock is the basic unit for motion compensation and quantizer scale changes.

Each macroblock consists of a header and six component 8 by 8 blocks: four blocks of luminance, one

block of Cb chrominance, and one block of Cr chrominarrce. See figure D.5. The macroblock header

contains quantizer scale and motion compensation information'

YCbCr

Figure D.5 -' Macroblock structure

A macroblock contains a l6-pel by l6-line section of luminance component and the sn_a-tiat-tV

corresponding 8-pel by 8-line s"ction of each chrominance componenl A skipped macroblock is one for

which no information is sored (see2.4.4.4'1.

Note that the picture arca covered by the four blocks of luminance is the same as the area covered by each of

the chrominance blocks. This is due to subsampling of the chrominance information.

Blocks are rbe basic coding unit, and the DCT is applied at this block levet. Each block contains 64

component pels arranged in an 8 by 8 array as shown in figure D'6'

Figure D.6 -. Block structure
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D.2,4 Decoder overview

A simplified block diagram of a possible decoder implernentation is shown below:

Figure D,7 -- Simplified decoder block diagram

It is instructive to follow the method which the decoder uses to deco<le a bitstream containing lhe sequence

of pictures given in Fig D.4, and display them in the order given in Fig D.3. The following description is

simplified for clarity.

The input bitstream is accumulated in the Input Buffer until needed. The Variable Lrngth Code (VLC)

Decoder decodes the header of the first picture, picture 0, and determines that it is an I-picrure. The VLC
Decoder produces quantized coeffrcients corresponding to the quantized DCT coefhcients. These are

assembled for eactrS by 8 block of pels in theirnage by inverse zig-zag scanning. The Inverse Quantizer
produces the actual DiI coefficients using ttre quintizition step size. Ttre coefficients are then transformed

into pet values by the Inverse OCI transformer and stored in the Previous Picture Store and the Display

Buffer. The picore may be displayed at lhe appropriate dme.

The VLC Decoder decodes the header of the next picture, picture 3, and determines that it is a P-picture.

For each block, the VLC Decoder decodes motionvectors giving the displacement ftom the stored previous

picture, and quantized coefhcients conesponding to the quantized DCT coefficients of the difference block.

these quantized coeffrcients are inverse quantized to produce the actual DCT coefficients. The coefhcients

ale Ureri transformed into pel difference values and adcled to the predicted block produced by apalying the

motion vectors to blocksin the stored previous picture. The resultant block is stored in the Future Picture

Store and the Display Bufter. This piciure cannot be displayed until B-pictures I and Zbave been received'

decod€d, and displayed.

The VLC Decoder decodes the header of the next picture, picture 1, and determittes that it is a B-picture.

For each block, fhe WC decoder decodes motion v@tors giving the displacement from the stored previous

or future pictures or both, and quantized coefficients conesponding to the quantized DCTcoefficiens of lhe

difference block. These quantized coefhcients are inverse quantized to produce the actr.ral DCT coefficients.

The coefficients are then inverse transformed into difference pel values and added to the predicted block
produced by applying the motion vectors to the stored pictures. The resullant block is then stored in the

Display Buffer. It may be displayed at the appropriate time.

The \/|C Decoder decodes the header of the next picture, picture 2, and determines that it is a B-picture. It
is decoded using the same method as for picture L After decoding picture 2, picture 0, which is in the

Previous Picture Store, is no longer needed and may be discarded.

The \/|C Decoder decodes the hearler of the next picture, picture 6, ancl determines that it is a P-picture-

The picture in the Future Picture Store is copied into the hevious Picture Store, then decoding proceeds as

for picnrre 3. Picture 6 should not be displayed until pictures 4 and 5 have been received and displayed.

zig-zrg& Inverse
DCr

VLCInput
Buffer

Forward
MC Display

Buffer

hevious
Picture Ader

Interpolated

MC

Future
Picture
Store

Backward
MC

Decoded Video
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The VLC Decoder decodes the header of the next picture, picture 4, and determines that it is a B-picture. It
is decoded using the same method as for picture l.

The VLC Decoder decodes the header of the next picture, pictr.ne 5, and determines that it is a B-picture. It
is decoded using the same metiod as for picture 1.

The VLC Decoder decodes the header of the next picture, picnre 9, and determines that it is a P-picture. It
then proceeds as for picnrre 6.

The VLC Decoder decodes the header of the next picture, picture 7, and determines that it is a B-picture. It
is decoded using the same method as for picture l.

The VLC Decoder decodes the header of the next picture, picture 8, and determines that it is a B-picture. It
is decoded using the same metbod as for picture l.

The VLC Decoder decodes the header of the next picture, picture 12, and determines that it is an I-picture. It
is decoded using the same method as for picture 0. This process is repeated for the subsequent pictures.

D.3 Preprocessing

The source material may exist in many forms, e.g. computer files or CCIR 601 format, but in general, it
must be processed before being encoded. This clause discusses some aspects of preprocessing.

For a given data rate and source material, there is an optimum pichrre rate and spatial resolution at which to
code if the best perceived quality is desired. If the resolution is too high, then too many bits will be

expended on the overhead associated with each block leaving too few to code the values of each pel
accurately. If the resolution is too low, the pel values will be rendered accurately, but high frequency detail
will be losl The optimurn resolution represents a tradeoff between the various coding artifacts (e.9. noise
and blockiness) and the perceived resolution and sharpness of the image. This tradeoff is further complicated
by the unknowns of the final viewing conditions, e.g. screen bnighmess and the distance of the viewer from
the screen.

At data rates of I to 1,5 Mbitds, reasonable choices are: picture rates of 24,25 and 30 pictureVs, a
horizontal resolution of between 250 and 400 pels, and a vertical resolution of between 200 and 300 lines
Note that these values are not normative and other picture rates and resolutions are valid.

D.3.1 Conversion trom CCIR 601 video to MPEG SIF

The nvo widely used scanning standards for colour television are 525 and 625 lines at 29,97 and 25 frameVs
respectively. The number of lines containing picture information in the transmitted signal is 484 for the
525-line system and 576 for the 625-line system. Both use interlaced scanning with two fields per picture.

CCIR Recommendation 601 defines standards for the digilal coding of colour television signals in
component form. Of these the 4:2:2 standard has becorne widely adopted; the sampling frequency used for
the luminance signal, Y, is 13,5 MHz and the two colour difference signals, Cb or B-Y and Cr or R-Y, are
both sampled at6,75 MHz. The number of luminance samples in the digital active line is 720 but only
about 702 will be used in practice by the analogue active line.

The number of picture elements in the height urd width of tlte picture, in the standards defined above, are
too large for effective coding at data rates between I and 1,5 Mbit/s. More appropriate values are obtained
by decreasing the resolution in buh directions to a half. This reduces the pel rate by a factor of four.
Interlace should be avoided as it increases the difficulties in achieving low data rates.

One way to reduce the vertical resolution is to use only the odd or the even fields. If the other field is
simply discarded, spatial aliasing will be introduced and this may produce visible and objectionable
artifacts. More sophisticated methods of rate conversion require more computational power, but can
perceptibly reduce the aliasing artjfacs.

The horizontal and vertical resolutions may be halved by filtering and subsampling. Consider a picture in
the 4:2:2 format. See the CCIR 601 sampling pattern of figure D.8(a). Such a sampling pattem may be
convened to the SIF sampling pattern of ftgure D.8(b) as follows. The odd field only may be extracted,
reducing the nunber of lines by two, and then a horizontal decimation filter used on the remaining Iines to
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reduce the horizontal resolution by a factor of two. In addition the chrominance values may be vertically

decimated. The filters for luminance and chmminance have to be chosen carefully since particular attention

has to be given to tlre location of the samples in the respective International Standards. The temporal

relationship between luminance and chrominance must also be correct.

tlo0oOoo

0o0o0oo
(a) Sampling patl€rn for 4:2:2 (CCIR 601) O) Sampling pattern for MPEG (SIF)

Circles represent luminance; Boxes represent Chrominance

Figure D.8 -- Conversion of CCIR 601 to SIF

The followinET-rrp FIR filter has been found to give good results in decimating tlte luminance:

il 256

Figure D.9 -- Luminance subsampling filter tap weights

Use of a power of two for the divisor allows a simple hardware implementation.

The chrominance samples have to appear in the between the luminance samples both horizontally and
vertically. The following linear filter with a phase shift of half a pel may be found useful.

il8

Figure D.10 -- Chrominance subsampling lilter tap weights

To recover rhe samples consistent with the CCIR 601 grid of figure D.8(a), the process of interpolation is
used. The interpolation filter applied to a zero-padded signal can be chosen to be equal to the decimation
filter employed for the luminance and the two chrominance values in the encoder.

Note lhat these filters are not part of the Intenntional Standard, and olher filters may be used.

At the end of the lines some special technique such as renormalizing the filter or replicating the last pel,
must be adopted. The following example shows a horizontal line of 16 luminance pels and the same line
after filtering and subsampling. In this example the data in the line is reflected at each end.

t0 L2 20 30 3.5 t5 19 ll ll 19 26 45 80 90 92 90
L2 32 23 9 12 49 95 92

Figure D.ll -- Example of filtering and subsampling of a line of pels
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Tbe result of this filtering and subsampling is a source input forurat (SIF) which has a luminance

,"*tution of 360 x 240 or i60 r 288, and a Jnrominance resolution whicb is half that of the luminance in

ch dimension.
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1576
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360 180
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1576
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180

SIF
121
1144

(b) Chrominance

Flgurc D.f2 -- Convcrsion from CCIR 601 into SIF

Tho SIF is not quite opimum for processing by MPEG video coders. MPEG video divides the luminance

,*p."r", inomacr6utocks of l'6x16 peli 'ile horizontal resolution, 360, is not divisible by 16. The

,-*i i, tnre of tbe verticat rcsolution, 'iAz, in the case of 525-line syst€ms. A betl€r match is obtained in

rn" n*ir""af Oirection ty oiscanOnrg'rc 4 pels at tbe end of every line of tbe subcanpled picurrc. Carc

;;i b" taken that this nsulrs in tbe con€ct configuration of luminance and cbrominance sarples in tbe

nacroblock. The rEmahing picture is called m signincant pel ar€a, and conesponds to the dart area in

tigure D.l3:

cclR 601 Y
Odd FieH

onV

cclR 601
u,v

odd
Field
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352 4

240

Luminance

176

120
or

144

C, or C6

Figure D.l3 .. Source input with significant pel area shaded dark

Tbe conversion process is summarized in table D.l.

Table D.l -- Conversion of source formats

Picture Rate (Hz) 29.97 25

Picture Asnect Ratio (width: heisht) 4:3 4:3

Luminance (Y)
CCIR Sample Resolution
SIF
Sisnificant Pel fuea

720 x 484
360 x 242
?52 x 240

720
360
352

x
x
x

576
288
288

Chrominance (Cb Cr)
CCIR Sample Resolution
SIF
Sisnificant Pel Area

360 x 484
180 x l2l
176 x l2O

360 x 576
180 x 144
176 x 144

The preprocessing into the SIF format is not normative, other processing steplqnll other resolutions may

be used. The picture size need not even be a multiple of 16. ln this case an MPEG video coder adds

padding pels to the right or bottom edges of a picture in order to bring the transmitted resolution up to a

multiple of 16, and the decoder discards these after decoding the picture. For example, a horizontal

resoturion of 360 pels could be coded by adding 8 padding pels to the right edge of each horizontal row
bringing the total up to 368 pels. 23 macmblocks would be coded in each row. The decoder would discard

rhe extna padding pels after decoding, giving a firul decoded horizontal resolutiott of 360 pels.

D.3.2 Conversion from film

If film material can be digitized at 24 pictures/s, then it forms an excellent source for an ISO/IEC ltl72-2
bitsreap. It may be digitized at the desired spatial resolution. The picture-rate field in the video sequence

header, *e2.4.2.3,allowsthepicture rateof 24 pictureVstobespecifiedexactly.

4

or
288

22

60 Page 77 of 130



@ ISO/f EC ISO/IEC 1'1172-2:1s93 (E)

Sometimes the source materiat availabte for compression consists of film material which has been

converted to video at some orlrer rate. The encodlr may detect this and recode at the original hlm rate. For

;;;ilt pictures/s nim materiar may have been digitized and converted to a 30 frame/s system by the

t 
"nniqui 

of 
'3:2 pulldo;. il rhis mooe oigitized pictures are sbown alternately for 3 and-for 2 television

field times. This alternation may not be exact since lhe actual frame rate might e,29,97 frames/s and not

the 30 franreVs that the-3:2 pulldown technique gives. In addilion Fe nrtlOowO 1ityg might have been

.n-g.n by editing anO spficing after the coouetsion. A sophisticated encoder might detect the duplicated

fields, average them to iJouce"oigitization noise, and code,tlre result at the original 24 pictrneVs rate. This

snoUo give i signifi*i i*p.uJ.ent in quality over coding.at.30 pictures per second, since direct coding

"t 
lO piitut"V, Ootroyr Ut"'3:2 pulldown iimin! and gives ajerky appearance to tlre final decoded video'

D.4 Model decoder

D.4.1 Need for a decoder model

A coded bitstrgam contains different types of pictxres, and each type ideally requires a different number of

bir o encode. In addition, the videomay vary in complexity witbtme, and an encoder may wish to

devote more coding uis o'one part of a sequence thanio another. For constant bitrate coding, varying the

n'rnber of bits allocated to .on'pl.tur" requit"r ttnt the deccder have buffering to store tft-e.bis not needed

to decode the immediate picture. The extent to which an encoder can vary the 1umbe1 of bits dlocated to

each picufe depends * the a.ount of this buffering. If the_amount 9{ the buffering is large an encoder can

u*F"t"r uariuti*., increasing the picture qualityl but at the cost of increasing the decoding delay'

Encoden need to lrrow the size of the amount of the decoder's buffering in order to determine to what extent

they can vary the distribution of coding bits among the pictures in the sequence'

The model decoder is defined to solve two problems. It constrains the variability in the number of bis that

"ry 
U" 

"ff".ated 
to Oifferent pictures and it attows a decoder to hitialize its buffering when the system is

started. It should be noted ttrit part 1 of rhis International Srandard addresses the initialisation of buffers and

the maintenance of synchronisation during playback in fie case when two or more elementary streams (for

exanrple one audio and one video stream)-are multiplexed together. The tmls dehned in ISO/IEC lll7}-l
for the maintenance 

"f 
ry"cfi;iltion should Ue ubO by decoders when muttiplexed streams are being

played.

D .4.2 Decoder model

Annex C contains the definifion of a parameterized model decoder for this PuPgs: It is known as a Video

g;ff,, Verifier (VBV). Tl* p;rn.ters used by a particular encoder are defined in the bitsream. This really

defin€s amodel decodef tharis needed if encoden-are to be assured that the coded bitsueams they produce

will be decodable. The model decoder lmks like this:

Figure D.14 " Model decoder

A fixed-rate cbannel is assumed to put bits at a constant rate into the Input Buffer' At regular intervals' set

LV m" pi"t"t" rate, the picture Decoder instantaneously removes all 0re bits for the next picture from the

tnput duffer. If ttrere r. too few bits in the Input Buffer, i.e. all the bits for the next picture have not been

."cei""d, then lhe Input Buffer underflows and frere is an unrlerflow error. Il during the tirne between

pi.i*. rtunr, the caiacity of the Input Buffer is exceede{ then there is an overflow error'

practical decoders differ frorn this model in several irnportant ways. They may irnplement their buffering at

a different point in the decoder, or distribute it throughout the decoder' They may notfemove all the bits

i*qrir.O io'O"code a picture from the Input Buffer instantaneously, they may not be able to control the start

Piclure
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lnput
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Model Decoder

61

t -l

tr
tr
rr
rl
tr

Page 78 of 130



a

ISO/IEC 11172-2: 1993 (E) o lso/rEc

of decoding very precisely as required by the buffer fullness parameter in the picture header, and they take a
finite time to decode. They nny also be able to delay decoding for a short time to reduce the chances of
underflow occuring. But these differences depend in degree and kind on the exact method of implementation.
To satisfy requirements of different implementations, the MPEG video committee (ISO/IEC JTCI
SC29AVGIl)choseaverysimplemodelfor0redecoder. Practicalimplementationsofdecodersmust
ensure that they can decode the bitstream constrained by this model. In many cases this will be achieved by
using an Input Buffer that is larger than the minimun required, and by using a decoding delay that is larger
than the value derived from the vbv-delay parameter. The designer must compensate for differences between
the actual design and the model in order to guarantee that tlre decoder can handle any bitstream that satisfies
the model.

Encoders monitor the status of tbe model to control the encoder so that overflow problems do not
occur. Tbe calculated buffer fullness is transmitted at the start of each picture so that the decoder can
maintain synchronization.

D.4.3 Buffer size and delay

For constant bit rate operation each picture header contains a vbv_delay parameter to enable decoden to start
their decoding correctly. This parameter defines the tirne needed to fill the Input Buffer of figure D.14 from
an empty state to the correct level immediately before the Picture Decoder removes all the bits for the
picture. This tfune is thus a delay and is measured in units of l/90 000 s. This number was chosen because
it is almost an exact multiple of the picture durations: ll24,lns, U29,97 zutd l/30, and because it is
comparable in duration to an audio sample.

The delay is given by
D = vbv_detay / 90 000 s

For example, if vbv-delay were 9 000, then the delay would be 0,1 sec. This means ttrat at the start of a
picture tlrc Input Buffer of the model decoder should contain exactly 0,1 s worth of data from the input
bitstream.

The bit rate, R, is defined in the sequence header. The number of bits in rhe Input Buffer at the beginning
of the picture is thus given by:

B = D * R = vbv_delay * R / 90 000 bits

For example, if vbv-delay were 9 000 and R were 1,2 Mbits/s, then he number of bits in the Input Buffer
would be 120 000.

The constrained parameter bitstream requires that the Input Buffer have a capacity of 327 680 bits, and B
should never exceed this value.

D.5 MPEG video bitstream syntax

This clause describes the video bistream in a top-down fashion. A sequence is the top level of video coding.
It begins with a sequence header which delines irnprtant paramerers neede<l by the clecoder. The sequence
header is followed by one or more groups of pictures. Groups of pictures, as the name suggests, consist of
one or more individual pictures. The sequence may contain additional sequenc€ headers. A sequence is
temtinated by a sequence-end-code. ISO/IEC lll72-l allows considerable flexibiliry in specifying
application pammet€rs such as bit rate, picture rate, picture resolution, and picture aspect ratio. These
parameters are specified in the sequence header.

If these paramet€rs, and some othen, fall within cerLain limits, then the bitstream is called a constrained
parameter bistrean.

D.5.1 Sequence

A video sequence commences with a sequence header atrd is followed by one or more groups of pictures and
is ended by a sequence-end-code. Additional sequence headers tnay appear within the sequence. In each
sucb repeated sequence header, all of the data elements with the permitted exception of those defining
quantization matrices (load-intra-quantizer-matrix, loarl-non_intra_quantizer_matrix and optionally

l
I
f-
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intra_quantizer_rutrix and non-intra-quantizer-matrix) shall have the same values as the first sequence

n""O"r. Repeating the sequencJtreadeiwirh its data elements makes random ac@ss into the video sequence

p"SUf.. ft" quirtizatloi, matrices may be redeftned as required wittr each rcpeated sequenoe header.

The encoder may set such parameters a.s the picture size and aspect ratio in the sequence header, to define the

resources that a decoder requires. In addition, user datra may be included.

D.5.1.1 Sequence header code

A coded soquence begins with a sequence header and the header starts with the sequence start code. Its value

is:
hex: 00 00 0l 83
binary: 0000 0000 0000 0000 0000 0001 l0ll 00ll

This is a unique sring of 32 bits that cannot be emulated anywhere else in ttre bitstream, and is byte-

aligne4 as ari att stari-coOes. To acNeve byte alignment the encoder may precede the sequence start code

*iin roy number of zero bits. These can have a secondary function of preventing decoder input buffer

unO".flo*. This procedure is called bit stuffing,and may be performed before any start code. The stuffing

bits must all be zero. The decoder discards all such stuffing bia'

The sequence start code, like all video start codes, begins with a string of 23 zeros. The coding scheme

ensures that such a string of consecutjve zeros cannoibe produced by any other combination of codes, i.e. it
qmnot be emulated Uy dtfrer codes in the video biatream. This string of zeros can only be produced by a

start code, or by snrffing bits preceding a start code.

D.5.1.2 Horizontal size

This is a l2-bit number representing rhe width of the picture in Jrels, i.e. the horizontal resolution. It is an

iligogd integer with tbe most significant bit firsL A value of zero is not allowed (to avoid stafl code

emuiation) so-the legal range is dom I to 4 095. In practice valgelare usually a multiple.of 16. At l'5
ftfUiali, 

"'popunr 
n6rizontlt resolution is 352 pels. 

- 
The value 352 is derived from half the CCIR 601

horizontal resolution of 72},rounded down to the nearest multiple of 16 pels. Othenflise the encoder must

fill out the picture on the right to the next higher multiple of 16 so that the last few pels can be coded in a

macroblock. The decoder should discard these extra pels before display.

For efficient coding of rlre exra pels, the encoder should add pel values that reduce the number of bits

g""".t"0 ir tfre rinsformed block . Replicating the last column of pels is usually superior to filling in the

remaining pels with a graY level.

D.5.1.3 Vertical size

This is a lz-bit number representing the height of the picture in pel9, i.e. the vertical resolution. It is an

u*ign"O integer with the most significant bit firsL A vatue of zero is not allowed (to avoid start code

emuiation) sdthe legal range is rrom I to 4 095. In practice values are usually a multiple of 16. Note that

the maximum vatue of slicJ-vertical-position is 175 (decirnat), which corresponds to a picture height of

i 800 tin.r. At 1,5 Mbits/s, a poputar vertical resolution is 240 to 288 pels. Values ot240 pels are

convenient for interfacing o 5i5-iine NTSC systerns, arrd values of 288 Jnls are more appropriate for 625-

line PAL and SECAM systems.

If the vertical resolution is not a multiple of 16 lines, the encoder must fill out the picture at the bottom to

ilp next higher multipte of 16 so that the last few lines can be coded in a macroblock. The decoder should

discard these exlra lines before display.

For efficient coding, replicating the last line of pels is usualty better ttnn filling in the remaining pels with

a grey level.

D.5.1.4 Pel asPect ratio

This is a four-bit number which defines the shape of the pel on the viewing screen. This is needed since the

horizontal and vertical picture sizes by themselves do not specify the shape of the displayed picture.

The pel i6pect ratio does not give the shape directly, but is an index to the following look up table:

t
t
t
t
t
t
L

t
L

t

L

L

t
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Table D.2 -- Pel aspect ratio

CODE HEIG}TTAVIDTH COMMENT

0000
0001
0010
00ll
0100
0l0l
0110
01ll
1000
l00l
r0r0
l01l
1100
ll0l
1ll0
llll

urdefitEd
1,0
0,6735
0,7031
0,7615
0,8055
0,8437
0,8935
0,9157
0,9815
1,0255
1,0695
1,0950
1,1575
1,2015
u&ltured

Forbidden
square pels

l6:9 625-line

l6:9 525-line

702x575 at4:3 = 0,9157

7llx487 at 4:3 = 1,0950

raserved

The code 0000 is forbidden to avoid start code emulation. The code 0001 has square pels. This is
appropriate for many computer graphics systems. The code 1000 is suitable for displaying pictures on the
625-line 50Hz TV system (see CCIR Recommendation 601).

height / width = 0,75 * 7021 57-5 = 0,9157

The code ll00 is suitable for displaying pictures on the 525-line 60Hz TV system (see CCIR
Recommendation 601).

height / width = 0,75 * 7ll 1487 = 1,0950

The code l l l l is reserved for possible future extensions to ttris part of ISO/IEC lll72.

The remaining points in the table were filled in by intopolating between these two poins 1000 and 1100
using the formula:

aspect ratio = 0,5855 + 0,M4N

where N is tie value of the code in table D.2. These additional pel aspeclratios might be useful for HDTV
wbere ratios of 16:9 and 5:3 have been proposed.

It is evident tlat the specification does not allow all possible pel aspect ratios to be specified. We therefore
prcsume that a certain degree of tolenance is allowable. Encoders will conven the actual pel aspect ratio to
the nearest value in the table, and decoders will display the decoded values to the nearest pel aspect ratio of
which they are capable.

0.5.1.5 Picture rato

This is a four-bit integer which is an index to the following table:

&
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Table D.3 -- Picture rate

CODE PICTI.'RES PER SECOND

0000
0001
0010
00r I
0100
0l0l
0l l0
0l 1l
1000
1001

1111

Forbidder
23,976
21
25
29,97
30
50
59,94
60
Reserved

Reseryed

t
t
t
t
t
t
t
t
t
L

The allowed picture rates are commonly available souroes of analog or digital s€quences. One advantage in
not allowing greater flexibility in picture rates is that standard techniques may be used to convert to the

display rate of the decoder if it does not match the coded rate.

D.5.1.6 Bit rate

The bit rate is an l8-bit integer giving the bit rate of the data channel in units of 400 bits/s. The bit rate is

assumed to be constant fs the entire sequence. The actual bit rate is rounded up to the nearestmultiple of
400 bits/s. For example, a bit rate of 830 100 bits/s would be rounded up to 830 400 bits/s giving a coded

bit rale of 2 076 unis.

If all l8 bits are 1 then the biatream is intended for variable bit rare operation. The value zero is forbidden.

For constant bit rate operation, the bit rate is used by the decoder in conjunction with the vbv-delay
paramete,r in the picture bea@r to maintain synchronization of the decoder with a constant rate data channel.

If rhe stream is multiplexed using ISO/IEC lll72-1, the time-stamps and system clock reference

infonnation defined in ISO/IEC lll72-l provide a more appropriate tool for performing this function.

D.5.1.7 Marker bit

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

D.5.1.8 VBV buffer size

The buffer size is a lGbit integer giving the minimum required size of lhe input buffer in the model decoder
in units of 16 384 bits (2 048 bytes). For example, a buffer size of 20 would require an input buffer of 20
x 16 3M = 327 680 bits 1= 40 960 bytes). Decoders may provide more memory than this, but if they
provide less they will probably run into buffer overflow pmblems while the sequence is being decoded.

D.5.1.9 Constrained Parameter flag

If certain parameters specified in the bitstrearn fall within predehned limits, then the bitstream is called a
constrained Fnameter bitstream. Thus the constrained parameter bistream is a standard of performance
giving guidelines to encoders and decoders to facilitate the exchange of bitstreams.

The bitrate parameter allows values up to about 100 Mbits/s, but a constrained parameter bitstream must
have a bit rate of 1,856 Mbits/s or less. Thus the bit rate parameter must be 3 712 or less.

The picture rate parameter allows picture rates up to 60 pictureVs, but a constrained parameter bitstream
must have a picture rate of 30 pictures/s or less.

The resolution of the coded picture is also specified in the se4uence header. llorizontal resolutions up to
4 095 pels are allowed by the syntax, but in a constrained parameter bitstream the resolution is limited to
768 pels or less. Vertical resolutions up to 4 095 pels are allowed, but that in a constrained parameter
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bitstrrean is limited o 576 pels or less. In a constrained parameter bitsream, the total number of
macroblocks per picture is [mited lo 396. This sets a limit on the maximum area of tlre picture which is
only about one quarter of the area of a 720x576 pel picture. In a constrained parameter bitstream, the pel
rate is limited to 2 534 400 pelds. For a given picture rate, this sets another limit on the maximum area
of the picture. If the picture has the maximum area of 396 macroblocks, then the picture rate is restricted to
25 pictureVs or less. If the picture rate has the maxirnurn constrained value of 30 pictures/s the maximum
area is limited to 330 maqoblocks.

A constrained parameter bistream can be decoded by a model decoder with a buffer sizBof 327 680 bits
witbout overflowing or underflowing during the decoding process. The maximum buffer size that can be
specified for a constrained parameter bitstream is 20 units.

A consraired parameter bitsteam uses a forward-f-code or backward_f_code less than or equal to 4. This
constrains the rnximum range of motion vectors tlnt can be represented in the bitstream (see table D.7).

If all these conditions are meE then the bitsueam is constrained and the constrained_parameters_flag in the
sequence header should be set to l. If any parameter is exceede( ttre fiag shall be set to 0 to inform
decoders tlnt more than a minimurn capability is rcquired to decode the sequence.

0.5.1.10 Load intra quantizer matrix

This is a one-bit flag. If it is set to l, sixty-four 8-bit integers follow. These define an 8 by 8 set of
weigbts which are used to guantize the DCT coefftcients. They are transmiued in thw zigzag scan order
shown in figure D.30. None of these weights can be zero. The first weight must be eight which marches
the fixed quantization level of the dc coeflicient.

If the flag is set to zero, the intra quantization matrix must be reset to the followiug default value:

Figurc D.15 -- Default intra quantization matrix

The default quantization matrix is based on work performed by ISO/IEC JTCI SC29AVGIO (JPEG) t6l.
Experience has shown that it gives good results over a wide range of video material. For resolutions close
to 350x250 there should normally be no need to redefine the intra quantization matrix. If Ore picture
resolution departs significantly from this nominal resolution, then some other matrix may give perceptibly
better results.

The weighs increase to the righi and down. This reflects the human visual system which is less sensitive
t0 quntizaljsn noise at higher fre4uencies.

D.5.1.11 Load non-intra quantizer matrix

This is a one-bit flag. If it is set to l, sixty-four 8-bit integers follow in zigzag scan order. None of these
integers can be zero.

If the flag is set to znro, lhe non-intra quantization matrix must be reset to the following default value
which consists of all l6s.

8 16192226272934
16 t6 22 24 27 29 34 37
19 22 26 27 29 34 34 38
22 22 26 27 29 34 37 40
22 26 27 29 32 3-5 40 48
26 27 29 32 35 40 48 58
26 27 29 34 38 46 56 69
27 29 3-s 38 46 56 69 83
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FigureD.t6..Defaultnon.intraquantizationmatrix

This flat default quantization matrix was adopted ftom H.261 which uses a flat matrix for the equivalent of
p-picores [5]. Lirue *o* i"r U""n p"rfo*b t determine the optimum non-intramatrix for MPEG video

coding, but evidence t"il;;Ut"a it L more dependent 9n ydeg Ta11n"t 
than is the intra rutrix' The

optimum non-inua matff 
^"y 

u" **r*here b€tween the flat default non-intra marix and the strongly

fnequerrcy-dependent values of the default intra matrix'

D.5.1.12 Extension data

This start code is byte-aligned and is 32 bis long' lts value is

hex: 000001 85
binary: 0000 0000 0000 0000 0000 0001 l0ll 0101

It may be precederl by any number of zeros. If it is prpsent then it will be followed by an undetermined

number of data bytes terminaied by the next start code. These data bytes are reserved for future extensions

ilbdffi;arsomc ii-rZ ano snodd notbe generared by encoders. MPEG video decoders should have

the capability to discard any extension data found'

D.5.1.13 User data

A user data start code nr,ay follow the optional extension data. This start code is byte-aligned and is 32 bits

long. Its value is

hex: 000001 82
binary: 0000 0000 0000 0000 0000 0001 l0ll 0010

It may be preceded by any number of zeros. If it is present then it will be followed by an undetermined

nrmber of data bytes terminat€d by the next start code. Ttrese dala bytes can be used by the encoder for any

purpose. The only ,r.tri.tion on rire data is that they cannot emulate a start code, even if not byte-aligned'

This means ttrat a Stringoi 2i consecutive zeros tu*t not occur' One way !o prevent emulation is to force

tbe most significant bit of altemate byt€s to be a l'

In closed encoder-decoder systems fhe decoder may be able to use he data' In the more general case'

decoders sbould be capable of discarding lhe user datra

16 16 16 16 16 t6 16 16

16 16 16 16 16 16 16 16

16 16 16 16 16 16 16 16

16 16 16 16 16 16 16 16

16 16 16 16 16 t6 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

t
t
t

t
t
L

D.5.2 GrouP ol Pictures

Two distinct picure orderings exist, the display order and the bitstream order (as they appear in the video

birsrrean). A group of picuiies (gop) is 
" 
iqbf picurres which are contiguous in display order' A group of

pi.uno ir"tt ionain i*-i*,i"f-[icture. .This 
required picCIre may be followed by any number of I and

F:pictures. nny number e] g-pictuia may be interspersed between each pair of I or P-pictures, and may

also precede tlre fhst I-Picture.

Properry /. A group of pictures, in bitstream order' must start with an I'picture and may be followed by

any-nunber of I, P or B-pictures in any order.

Property2. Another property of a group of pictures is that it must begin, in display order, with an I or a B-

pictirre, ano ,,.ust end *io .h t or i e-pictuie. The smaltest group of pictures consists of a single l-picture'

whereas tlre largest size is unlimited. t

L
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The original concept of a group of pictures was a set of picures that could be coded and displayed
independently of any other group. In the final version of tlris part of ISO/IEC I I172 this is not always
tnre.and any B-pictures preceding (in display order) the flrst l-picture in a group rnay require the last picurre

in the previous group in order to be decoded. Nevertheless encoden can still construct groups of picnres
which are independent of one another. One way to do this is to omit any B-pictures preceding ttre first I-
picture. Another way is to allow such B-pictures, but to code them using only backward motion
compensation.

Property 3. From a coding point of view, a concisely stated property is that a group of pictures begins
with a group of picures header, and either ends at the next group of pictures header or at the next sequence

header or at lhe end of sequence, whichever comes firsl

Some examples of groups of pictures are given below:

Figure D.f7 -- Examples of groups of pictures in display order

These examples illustmte what is possible, and do not constitute a suggestion for s[ructures of groups of
pictures.

Group of pictures start code

The group of pictures header smns wittr the Group of Pictures start code. This code is byte-aligned and is
32 bits long. Its value is

hex: 00 00 01 88
binary: m00 0000 0000 0000 0000 0001 l01l 1000

It may be preceded by any number of zeros. The encoder may have inserted some zeros to get byte
alignment, and may have inserted additional zeros to prevent buffer underflow. An editor may have inserted
zeros in order to march the vbv_delay p:uameter of the lust picture in the group.

Time code

A time code of 25 bits immediately follows the group of pictures start code. This encodes the same
infonnation as the SMPTE tirne code [4].

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

Table D.4 -- Time code fields

FIELD BITS

I
5

6
I
6
6

VALI.'ES
Drop frame flag
Hours
Minutes
Fixed
Seconds
Picture number

0
0
I
0
0

to 23
to 59

to 59
to 60

The time code refers to lhe first picture in the group in display order, i.e. the first picture with a temporal
reference of zero. Th€ SMPTE tirne code is included to provide a video tirne identification to applications.
It nny be discontinuous. The presentation time-stamp in the System layer (Part 1) has a much higher
precision and identifies tlp time of presentation of the picture.

I
I PP
I BPBP
BBI BBPBBPBBP
BI BBBBPBI BBI I

BBI BPBP
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Closed GOP

A one bit flag follows the time code. It denotes whether the group of pictures is open or closed. Closed

groups can Ue decoded without using decoded pictures of the previous group for motion compensation,

whereas open groups require such pictures to be available'

A typicat example of a closed group is shown in figure D.l8a

B
ll

(a) closed group

L

t
t
t
t
L

t

t
t
t
t
t
L

t_

L

L

L

P
t2

[,

't

IBBPBBPBBPB
012345678910

BBIBBPBBPBB
012345678910

P
1t

BBP
t2 13 14

O) open or closed group

Figure D.18 -- Example grouPs of pictures in display order

A less typical example of a closed group is shown in figure D.l8b. In this example, the B-pictures which

precedethe first l-picture must use backward motion compensation only, i.e. any motion compensation

must be based only on picture number 2 in the group.

If the closed_gop ftag is set to 0 ttren the group is open. The first B-pictures that precede tlrc first l-picture
in the group may have been encoded using the last picture in the previous group for motion compensation.

Broken link

A one bir flag follows the closedgop flag. It denotes whether lhe B-pictures which precede the frst I-
picture in the GOP can be conectly decoded. If it is set to l , these pictures cannot be correctly decoded

Lecause the I-picurre or P-picture from the previous group pictures that is required to form the predictions is

not available (prasumably because the preceding group of pictures has been removed by editing). The

decoder will probably choose not to display these B-pictures.

If the sequence is edited so that the original group of pictures no longer precedes lhe current-group of
pictures then this flag norrrally will be set to I by the editor. However, if the closed-gop tlag for the

cgrrent group of pictures is set, then the editor should not set the broken-link flag. Because the group of
pictures is closed, the first B-pictures (if any) can still be decoded correctly.

Extension data

This start code is byte-aligned and is 32 bits lottg. Its value is

hex: 00 0001 85
binary: 0000 0000 0000 0000 0000 0001 l0ll 0l0l

It uny be preceded by any number of zeros. If it is present then it will be followed by an undetermined

number of data Uytes terminated by lhe next start code. These data bytes are reserved for future extensions

to this part of ISO/IEC lll72, and should not be generated by encoders. MPEG video decoders should have

the capability to discard any extension data found.

User data

A user data start code may follow the optional extension data. This start code is byte-aligned and is 32 bits
long. Its value is

hex: 00 00 0l 82
binary: 0000 0000 0000 00m 0000 0001 l0l I 0010

It may be preceded by any number of zeros. If it is present then it will be followed by an undetermined

number of data bytes terminated by the next start code. These data bytes can be used by the encoder for any

purpose. The only restriction on the data is that they ciuurot emulate a start code, even if not byte-aligned.

L
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This means that a string of 23 consecutive zeros must not occur. One way to prevent emulation is to force
the most significant bit of alternate bytes to be a l.

In closed encoder-decoder systems the decoder may be able o use the dattu In the more general case,
decoders strould be capable of discarding the user data.

D.5.3 Picture

The picture layer contains all the coded information for one picture. The header identifies the temporal
reference of the picture, the picture coding type, the delay in the video buffer verifier (VBV) an4 if
appropnate, the range of motion vectors used.

D.5.3.1 Picture header and start code

A picture begins with a picture header. The header starts with a pictue start code. This code is byte-aligned
and is 32 bits long. Its vdue is:

hex: 00 00 0l 00
binary: 0000 0000 0000 0000 0000 0001 0000 0000

It may be preceded by any number of zeros.

D.5.3.2 Temporal reference

The Temporal Reference is a ten-bit number which can be used to define the order in which the pictures
must be displayed. It may be useful since pictures are not transmiued in display order, but rather in the
order which the decoder needs to decode them. The first picture, in display order, in each group must bave
Tempaal Reference equal to zero. This is incremented by one for each picture in the group.

Some example groups of pictures with their Temporal Reference numbers are given below:

Example (a) in
display order

Example (a) in
demding ader

Example (b) in
display order

I BPBP
01234

I PBPB
02t43

BBI BBPBBPBBP
0 l 2 3 4 5 6 7 8 9 l0ll

BBPBBPBB
0l,5 3 4 8 67

BI BBBBPBI B
012345678e
I BPBBBBI B
l0 623 4 5 8 7

P

475
B

473

BBIBBP
012345

Example (b) in I
coddo(tu 2

Example (c) in
display order

Example (c) in
ooded oder

PBB
ll9 l0

BI I
l0 1l t2

I BBI
ll 9 '10 t2

Figure D.19 '- Examples of groups of pictures and temporal references

If there are more than 1024 pictures in a group, then the Temlnral Reference is reset to zero and then
increments anew. This is illustrated below:

PBBP
to22 1023 0 I

P B
472 474

70

Figure D.20 -- Example group of pictures containing I 500 pictures

display order
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D.5.3.3 Picture coding type

A three bit number follows the temporal reference. This is an index ino the following table defining tbe

type of picture.

Table D.5 -- Picture types

CODE PICTTIRE TYPE

000
001
0r0
01r
100
t0l
ll0
lll

Forbiddcn
I-picture
P-picture
B-picture
D Picture
Reservod
Reserved
Reserved

The various types of pictures are described in D.2.3. Codes l0l through I I I are reserved for future
extensions to this part of ISOAEC Lll72. Decoders should be capable of discarding all pictures of this
type, and scan for the next picurre start code, group start code or sequence start code. Code 000 will never be
used to avoid start code emulation.

D.5.3.4 VBV delay

For constant bit rate operation, vbv_delay can be used at the start of decoding and after a random acc€ss to
ensure tbat the corect number of bits have been read by the decoder before the first picture is displayed.

The buffer fullness is not specified in bits but rather in units of time. The vbv-delay is a 16-bit number
defining the time needed in units of lf)O 0(X) s to fill the input buffer of the model decoder from an empty
state to lhe correct state at the bit rate specified in the se4uence header.

For example, suppose the vbv_delay had a decimal value of 30000, then the time delay would be:

D=30000/90000=l/3s

If the channel bit rate were 1,2 Mbitds then the contents of the buffer before the picture is decoded would
be:

B = I 200000 / 3 = 400 000 bits

If the decoder determined that its actual buffer fullness differed significautly from this value, then it would
have to adopt some strategy for regaining synchronization.

The meaning of vbv-delay is undefined for variable bit rate operation.

D.5.3.5 Full pel forward vector

This is a one bit flag giving the precision of the fonpard motion vectors. If it is I then the precision of the
vectors is in integer pels, if it is zero then the precision is half a pel. Thus if the flag is set to one tfie
vectors have twice the range than they do if the flag set to zero:

This flag is present only in the headers of P-pictures and B-pictures. It is absent in l-pictures and D
pic$res.

D.5.3.6 Forward f-code

This is a three-bit nurnber and, like the full pel forward vector flag, is present only in the headers of P-
pictures and B-pictures. It provides informatjon used for decoding the coded forward vectors and controls the
nraximum size of the forward vectors that can be coded. It can mke only values of I through 7; a value of
zero is forbidden.

t
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Two parameters used in decoding the forward motion vectors are derived from fonvard-lcode, forward-r-size
andfonvd-f.

The forward_r_size is one less than the fonvard-f-code and so can take values 0 through 6.

The forward-f parameter is given by table D.6:

Table D.6 -. f codes

forwad/backward f code fonvard/ttackward f
I
2
3
4
5
6
7

I
2
4
8
t6
32
&

D.5.3.7 Full pel backward vector

This is a one bit flag giving the precision of the backward motion vectors. If it is I then the precision of
the vectors is in integer pels, if it is zero then the precision is half a pel. Thus if the flag is set to one the
vectors bave twice the range than they do if the flag set to zero.

This flag is only present in the headers of B-pictures. It is abs€nt in l-pictures, P-pictures and D pictures.

D.5.3.8 Backward f-code

This is a three-bit number an4 like the full pel backward vector flag, is present only in the headers of B-
pictues. It provides infornntion used for decoding the coded backward vectors. It can cake only values of I
through 7; a value of zero is forbidden.

Tbe backward-f parameter is derived from the backward_f_code and is given by uable D.6

D.5.3.9 Extra picture information

Extra picture information is the next field in the picture header. Any number of information bytes may be
presenL An information byte is preceded by a flag bit which is set to L Information bytes are therefore
generally not byte-aligned. The last informat-ion byte is followed by a zero bit. The smallest size of this
field is therefore one biE a 0, that has no information bytes. The largest size is unlimited. The following
example has 16 bis of extra information denoted by E:

IEEEEEEEEIEEEEEEEEO

Where E is an extra information bit.

The extra information bytes are reserved for future extensions to this part of ISO/IEC 11172. The meaning
of these bytes is currently undefined, so encoders must not generate such bytes and decoders must be capable
of discarding them.

D.5.3.10 Extension data

This start code is byte-aligned and is 32 bits long. lts value is:

hex: 00 00 0l 85
binary: 0000 0000 0000 0000 0000 0001 l0l I 0101

It may be preceded by any number of zeros. If it is present ttren it will be followed by an undetermined
number of data bytes terminated by the next start code. These data bytes are reserved for future extensions
to this paft of ISO/IEC lll72, and should not be generated by encoders. MPEG video decoders must be
capable of discarding them.

4
,l
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D.5.3.11 User data

This start code is byte-aligned and is 32 bits long. Its value is

her 000001 82
binary: 0m0 0000 0000 0000 0000 0001 l01l 0010

It may be preceded by any number of zeros. If it is pesent then it will be followed by an undetermined
nrmber of data bytes terminated by the next start code. These data bytes can be used by the encoder for any
purpose. The only restriction on tlle data is that they cannot emulate a start code, even if not byte-aligned.
One way to prcvent emulation is to force tbe most significant bit of alternate bytes to be a l.

In closed encoderdecoder systeins the decoder may be able to use the daca" In the more general case,
decoders strould be capable of discarding tbe user data

D.5.4 Slice

Pictures are divided ino slices. Each slice consisls of an integral number of macroblocks in raster scan
order. Slices can be of different sizes within a picture, and the division in one picture need not be the same
as the division in any other picture, Slices can begin and end at any macroblock in a picture subject to the
following restrictions. The first slice must begin at the op left of the picture, aud the end of the last slice
must be the bottom right macroblock of the picture. There can be no gaps between slices, nor can slices
overlap. The minimum number of slices in a picture is one, lhe ma,rimum number is equal to the number
of macroblocks.

Each slice starts with a slice start code, the exact value of which defines the vertical position of the slice.
This is followed by a code that sets the quantization step-size. At the start of e.rch slice the predictors for
the dc coefficient values and the predictors for the vector decoding are all resec The horizontal position of
tbe start of the slice is given by the macroblock address of the first macroblock in the slice. The result of
all this is that, within a picture, a slice can be decoded without information from the previous slices.
Therefore, if a data error occurs, decoding can begin again at the subsequent slice.

If the data are to be used in an ermr free environment, then one slice per picture may be appropriate. If the
environment is noisy, ihen one slice per row of macroblocks may be more desirable, as shown in figure
D.2t.

1 begin end 1

2 begin end 2

3 begin end 3

4 begin end 4

5 begin end 5

6 begin end 6

7 begin end 7

8 begin end I
9 begin end 9

10 begin end 10

11 begin end 11

12 begin end 12

13 begin end 13

Figure D.2l -- Possible amangement of slices in a 256x192 picture

In this figure and in the next, each strip is one macroblock high, i.e. 16 pels high.

t
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t
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Since each slice header requires 40 bits, there is some penalty for including more than the minimum
number of slices. For example, a sequence with a vertical resolution of 24A hnes coded ar 30 pictures/s
requires approximately 40x30 = I 200 bitVs for the slice headers using one slice per picture, and 40x15x30
= l8 000 bitVs with one slice per row, an additional overhead of 16 800 bits/s. The calculation is
approximate and underestimates the impacq since the inclusion of a slice imposes additiorul requirements
that the rracroblock immediately before the slice header be coded, as well as the fint macroblock in the
slice.

The coding structure permits great flexibility in dividing a picture up into slices. One possible arrangement
is shown in figure D.22.

1 begin

end 1 2 begin

end 2 3 begin end 3 4 begin

end 4 5 begin

end 5

6 begin

end 6 7 begin

end 7l e I 9 begin end 10 begin

end 10

Flgure D.22 -- Possible arrangement of slices in a 256x192 picture

This division into slices is given for illustrative purposes only. It is not intended as a suggestion on how to
divide a picture into slices.

D.5.4.1 Slice header and start code

Slices start with a slice header. Fach slice header starts with a slice start code. This code is byte-aligned
and is 32 bits long. The last eight bits can take on a range of values which define the vertical position of
the slice in the picture. The permiued slice start codes are:

hex:

binary:

&orn
to
from
to

m0001 01
000001 AF
m00 0000 0000 0000 0000 0001 0000 0001
0000 0000 0000 0000 0000 0001 1010 I 11 1

Each slice start code may be preceded by any number of zeros.

The last 8 bits of the slice start code give ttre slice venical position, i.e the verticat position of the fust
macroblock in the slice in units of macroblocks starting with position 1 at the top of the picture. A useful
variable is macroblock row. This is similar to slice vertical position except that row 0 is at the top of the
picture. Thus

slice vertical position = macroblock row + I

For example, a slice start code of 00000101 hex meats that the first macroblock in the slice is at vertical
position 1 or macroblock row 0, i.e. at the top of the picture. A slice start corte of 00000120 hex means
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that the first macroblock is at vertical position 32 or macroblock row 31, i.e. at the 496th row of pels' It

is possible for two or more slices to have the same vertical position.

The maximum vertical position is 175 units. A slice with this position would require a vertical size of

175x16=2800pels.

The horizontal position of the first macroblock in the slice can be calculated from its macroblock address

increment. Thus its position in the picnrre can be determined without referring to any previous slice or

macroblock. Thus a Oecoder."y dr"od" any slice in a picture without having decoded any other slice in the

,*r.!i.t ". 
Tbis feauye altowi decoders to recover frorn bit errors by searching for the next slice start

code and then resuning decoding.

D.5.4.2 Quantlzer scale

The quantizer scate is a five-bit integer which is used by the decoder to calculate the DCT coefficients from

tn"-ti-r*ir"o quantized coefficienls. A value of 0 is forbidden, so the quantizer scale can have any value

between I and 31 inclusive.

Note in addition that the quantizer scale may be set at any macroblock.

D.5.4.3 Extra slice information

Extra slice information forms the last field in the slice header. Any number of infonnation bytes may be

p.rr""i Ar i"f"rmation Uyte is preceded by a flag bit which is set to l. Information bytes are therefore

iln.."ffy nor byte-aligneO. Tneiast information Uyte ls followedly a zero bit. The smallest size of this

field is therefore one bit, a 0, that bas no information bytes. The largest size is unlimited' The following

example has24 bits of extra information denoted by E:

1 EEEEEEEE 1 EEEEEEEE 1 EEEEEEEEO

The extra information bytes are reserved for future extensions to this part of ISO/IEC lll72. The meaning

of trcr" bytes is currentty undefine4 so encoders must not generate such bytes and decoders must discard

them.

The slice header is foltowed by code deftning the macroblocks in the slice'

D.5.5 Macroblock

Slices are divided into macroblocks of 16 x 16 pels. Macroblocks are coded wilh a header that contains

information on the macroblock address, macrotrlock type, and the optional quantizer scale. The header is

foU"*rO by data defining each of the six blocks in the macroblock It is convenient to discuss the

macroblocli header fields in the order in which they are coded'

D.5.5.1 Macroblock stuffing

The first field in the macroblock header is "macroblock stuffing". This is an optional field, and may be

inserted or omitted at the discretion of the encoder. If present it consists of any number of 1l-bit strings

;;,i-;; p"it"* ,'0000 0001 I11". This stuffing code ii use_<t b1 the encoder to prevent underflow, and is

Jir""rO"d by the decoder. If the encoder determines lhat underflow is about to occur, then it can insert as

many stuffi;g codes into fte frst field of the macroblock header it likes.

Note that an encoder has otlrcr strategies to prevent buffer underflow. It can insert stuffing bits irnmediately

before a start code. It can reduce rhe-quantiier scale o increase the number of coded coefficients. It can even

start a new slice.

D.5.5.2 Macroblock address increment and macroblock €scape

Macroblocks have an address which is the number of the macroblock in raster scan order. The top left

macroblock in a picture has address 0, the next one to the right has address I and so on. If there are M

rnacroblocks in a picture, then the bottom right macroblock has an address M-1'
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The address of a macmblock is indicated by trammiuing the difference between the addresses of the cunent

nracroblock urd ttre previously coded macroblock. This difference is called the macroblock address

incremenL In l-pictures, all macroblocks are coded and so the macmblock address increment is neady

always one. There is one exception. At the beginning of each slice the macroblock address is set to that of
the right hand macroblock of the previous row. At the beginning of the picture it is set to -1. If a slice

does not start at the left edge of the picture, then the macroblock address increment for the first macroblock

in the slice will be larger than one. For example, the picture of figure D.22 has 16 macroblocks per row.

At the start of slice 2 Oe macroblock address is set to 15 which is the address of the macroblock at the right
handedgeof thetoprowofmacroblocks. If ttrefirstslicecontained26macroblocks, l0of themwouldbe
in tlre second row, so the addre.ss of the first macroblock in slice 2 would be 26 and the macroblock address

increment would be 11.

Macroblock address increments are coded using the VLC codes in the table in B.l.

It can be seen tbat there is no code to indicate a maooblock address increment of zpro. This is why the
maooblock address is set to -1 rather than zero at the top of a picture. The fint macroblock will have an

increment of one making its address equal to zero.

The macroblock address increments allow the position of the macroblock within the picture to be
determined. For example, assume that a slice header has the start code equal o 00 m 0l 0A bex, hat the
picture width is 2-56 pels, and that a macroblock address increment code 00001I I is in the macroblock
header of the first macroblock in the slice. A picture width of 256 pels implies that there are 16

macroblocks per row in this picture. The slice start code tells us that the slice venical position is 10, and
so the macroblock row is 9. The slice header sets the previous macroblock address to the last macroblock on
row 8, which has ad&ess 143. The macroblock address increment VLC leads to a macroblock address
incrernent of 8, and so the macroblock address of the first macroblock in the slice is 143 + 8 = l5l .

The uracroblock mw rnay be calculated from the address:

macroblock row = macroblock address / macroblock width

= l5l I 16

-9

The division symbol signifies integer truncation, not rounding.

The macroblock column may also be calculated from he address:

macroblock column = macroblock address 7o macroblack width

= l5l 7o 16

=7
Columns are numbered from the left of the picture smning at 0.

There are two special codewords: escape and stufhng.

The escape code means "add 33 to the following macroblock address increment". This allows increments
grealer than 33 o be coded. For example, an increment of 40 would be coded as escape plus an increment
of 7:

0000 0001 0000 0010

An increment of 70 would be coded as two escape codes followed by the code for an increment of 4:

0000 000r finO fixn (nr0 0000 r r

The stuffing code is included since the decoder must be able to distinguish it fiom increment co<les. It is
used by the encoder to prevent underflow, and is discarded by the decoder.
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D.5.5.3 Macroblock types

Each of the picurre types I, P, and B, have their own macroblock types. See, respectively, D'6.3, D.6.4,

and D.6.5 for the codes and their descriptions.

D.5.5.4 Motion horizontal/vertical forward/backward codes

The interpretation of these codes is explained in D.6.2.3.

D.5.5.5 Motion horizontal/vertical forward/backward R

The interpretation of these codes is explained in D.6.2.3.

D.5.5.6 Coded block pattern

This code describes which blocks within tle macroblock are coded and transmitted. The interprecation of
ttris code is explained inD.6.4.2.

D.5.5.7 End of macroblock

This code is used only in D-pictures and is described in D.6.6.

D.5.6 Block

A block is an array of 8 by 8 component pel values, treated as a unit and irrput to the Discrete Cosine

Transform (pgD. Blocks of 8 by 8 pels are transformed into arrays of 8 by I DCT coefficients using the

npo dimensional discrete cosine transfonn.

D.6 Coding MPEG video

D.6.1 Rate control and adaptive quantization

The encoder must control the bit rate so Uut the model decoder input buffer neither overflows nor
underflows. Since the model decoder removes all the bits associated with a picture ftom the input buffer
instantaneously, it is necessary to oontrol only the total number of bits per picture. The encoder should

allocate the total numbers of bits among the various types of pictures so that the perceived quality is

suitably balanced. The distribution will vary with the scene content and with the particular distribution of
the ttrree picture types (I, P and B-picnrres).

Within a picture the encoder should allocate the total number of bis available among the macroblocks to

maximize the visual quality of the picture.

One method by which an encoder controls the bit rate is to vary the quantizer scale. This is set in each slice
header, and may be set at the beginning of any macroblock, giving the encoder excellent conttol over the bit
rate within a picture.

D.6.1.1 Rate control within a sequenco

For a typical coding scheme represented by the following group of pictures in display order:

BBIBBPBBPBBPBBP
it bas been found that good results can be obtained by matching the visual quality of the I and P-pictures,

and by reducing rhe code size of the B-pictures to save bits giving a generally lower quality for the B-
pictures.

The best altocation of bis among the picture types depends on the scene content. Work of the MPEG
video committee suggests that allotting P-pictures about 2-5 times as many bits as B-pictures, and allotting
I-pictures up to 3 times as many bits as P-pictures gives good results for typical natural scenes. If there is
little motion or change in the video, tlrcn a greater prolnrtion of the bits should be allotted to the I-pictures.
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If there is a lot of motion or change, then the proSnrtion allotted to I-pictures should be reduced and most of
the savings given to the P-pictures.

A reasonable encoder algorithm is to start with the foregoing estimates, then reallocate bits dynamically
depending on lhe naure of the video.

D.6.1.2 Rale control within a picture

If the buffer is heading toward overflow, lhe quantizer scale should be increased. If this action is not
sufficient to prevent an impending overflow then, as a last resort, the encoder could discard high frequency
DCT coefficients and transmit only low fiequency ones. Although this would probably produce visible
artifacts in the decoded video, it would in no way compromise the validity of the coded bistreaur.

If the buffer is heading toward underflow, the quantizer scale should be reduced. If this is not sufficient, the
encoder can insert macroblock stuffing into $e bitsEeam, on add leading zeros to start codes.

Under normal circumstances, the encoder calculiates and monitors the state of the model decoder buffer and
changes the quantizer scale to avert botl overflow and underflow problems.

One simple algorithm that helps accomplish this is to monitor the buffer fullness. Assume that the bits
have been allocated among the various picture types, and that an average quantizer scale for each picrure type
has been established. The actual buffer fullness at any macroblock in a picture can be calculated and
compared with the nominal fullness, i.e. the value that would be oblained if the bits were unifonnly
distributed among all the macroblocks in the picture. If the buffer fullness is larger than the nominal value,
then the quantizer scale should be set higher than the average, whereas if the buffer fullness is smaller than
the nominat, the quantizer scale should be set lower than the average.

If the quantizer scale is kept constant over a picture, then, for a given number of coding bits, the total mean
square error of the coded picture will tend o be close to the minimum. However, the visual appearance of
most pictures can be improved by varying the quantizer scale over the picture, making it smaller in smooth
areas of the picture and larger in busy areas. This technique reduces the visibility of blockiness in smooth
areas at the expense of increased quantization noise in the busy areas where, however, it is masked by the
image detail.

Tbus a good algorithm for controlling the bitrate wittrin a picture adjusts the quantizer scale depending on
both the calculated buffer fullness and on the local image contenl Examples of techniques for rate control
and quantization may be found in t71t8l.

D.6.1.3 Bulfer fullness

To give the best visual quality, the encoder should ahnost fill the input buffer before instructing the decoder
t0 standecoding.

D.6.2 Motion estimation and compensation

D.6.2.1 Motion compensation

P-picnrres use motion compensation to exploit temporal redundancy in the video. Decoders construct a
predicted block of pels from pels in a previously transmitted picture. Motion within the pictures (e.9. a
pan) usually implies that the pels in the previous picture will be in a different position from the pels in the
current block, and the displacement is given by motion vectors encoded in tJre bitstream. The predicted
block is usually a good estimate of the current block, and it is usually more efficieut to transmit the motion
vector plus the difference between the predicted block and the current bloc[ than to transmit a description of
the current block by itself.

Consider the following typical group of pictures.
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B

10

-/
Figurc D.23 - Group of picturcs in displry ordcr

The l-piaurc, picur€ 2, is decodcd without requiring any motion veciors. Tbe frnt P-picture, number 5, is
dccoded using motion vectots from picore 2. This motion compensation is called fmvard motion
cdrpensadon since it is fonvard in time. Motion vectors define the motion of a macroblock, i.e. the
motion of a l6xl6 block of luminarce pels and tbe associated chrominance components. Tlpicelly, most
macroblocks in a P-picturc rse motion cmrpansation. Non-zero motion veclors are trmsmiued
differentially witb rcference 0o the last bansmiued motion vecttr.

The ransmiaed vectors usually have a precision of half a pel. The maximum range of tbe vector is set by
the forward-f parameter in tbe picure beader. Sometimes, if tlre motion is unusually large, the range may
be doubled ard the irccurrcy r€ducd to integ€r pels, by tbe fuUpel_forward_vecror bit in Oe picure header.

A positive value of the horizontal a vertical oomponent of the motion vecta signifies tbat the prediction is
famed from pels in the rpfercnced picore wbich are spatially to tbe rigbt r below the pels being pedicted.

Not all mrroblocks in a P-pictrre necessarily use motion courpensation. Some macroblocks, as defined by
6e transmiced macmblock tlTe (soe table B.2b), may be intra-code4 and tbese are r€constructed without
motion cmpensation. Full details defrning the method of decoding the vectors ard construcring tbe
motion-cmpensated macmblock are given in 2.4.4.2.

P-picue 8 in figue D.23 uses forward motion compensation from picture 5. P-pictures always ue
forward motion compensation from the h$ ransmitred I or P-picure.

B-ficurcs tnay use notion courpensation from tbe previors I or P-picture, from the next (in display order) I
or P-pichue or both; i.e., from the last two tran$nittod I or P-pictures.

Pttdiction is called ffrward if rcference is made to a picture in he past and called backward if rcference is
made to a pictrc in the fuore. For exmrple, B-pioure 3 in figure D.23 uses fonvard motion compensation
fiom t-picnre 2, and brchilard motim cmrpensation hom P-picture 5. B-picrures may use boh fonvard and
bachvad motion compensation and avenage the rcsull Tbis operation is calted inrcrpolative motion
corpensation.

All three types of motion compensation are useful, and typically are used in coding B-picturcs.
Interpoluive motion cmrpensation has ttc advantage of averaging any noisc presenl Fonvard or backward
motion compensation may be more useful near the edges of pictures, or where a foreground object is
passing in front of a fned or slow moving background.

Note that this technique of coding witb P and B-picares increases tbe coding efficiency. B-pictrnes can
bave greater enors of recmstructict tban I or P-picures to conserve coding bils, but since tbey are not used
as the basis of motion compcnsation for ftrure picures, these errors nay be toleraled.

0.6.2.2 llotlon ertlmatlon

Motion ompensation in a decoder is sraigbfonvarrrt, but motion estimation which includes detemrining the
best motio voctors and wbir$ must be performed by the encoder, pres€nts a formidable computational
chalhnge.

Variors methods are available to the encoder. Tbe more computadonally intensive methods iend to give
better rcsults, so there is tndeoff to be made in the encoder: compuhtional power, and hence cost, versus
coded video quality.
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Using a search slrategy the encoder attempts to match the pels in a macroblock with those in a previous or
future picture. The vector conesponding to the best rnatch is reported after the search is completed.

O.6.2.2.1 Block matching criteria

In seeking amatch, dp encoder must decide whether to use the decoded pasl and future pictures as the
reference, or use the original past and future pictures. For motion estimation, use of the decoded pictures by
tbe encoder gives the smallest enor in the error picture, whereas use of the original pictures gives the most
irccurate motion vectors. The choice depends on whether the artifacts of increased noise, or gleater spurious
motion are judged o be the more objectionable. There is usually little or no difference in quality between
the nvo mettrods. Note that the decoder does not perform motion estimation. It performs motion
compensated prediction and interpolation using vectors calculated in the encoder and sored in the bitstream.
In motion cornpensated prediction and interpolation, both the encnderand decodermust use the decoded
pictures as lhe references.

Several matching criteria are available. The mean square error of the difference between the motion-
compensated block and the current block is an obvious choice. Another possible criterion is the mean
absolute difference between the motion<ompensated block and the current block.

For half pel shifts, the pel values could be interpolated by several methods. Since the decoder uses a simple
linear interpolation, there is little reasion to use a more complex method in the encoder. The linear
interpolation method given in this part of ISO/IEC I I172 is equivalent to the following. Consider four
pels having values A, B, D and E as shown in hgure D.24:

AhB

;"
Figure D.24 -- Interpolation of half pel shifts

The value of the horizontally interpolated pel is

h=(A+B)il2

where the double division symbol means division with rounding to the nearest integer. Half integer values
arc to be rounded to the next higher value. Thus if A = 4 and B = 9 then h = 6.5 which is rounded up to 7.

The value of the vertically interpolated pel is

v=(A+D)ll2

The value of the central interpolated pel is

c=(A+B+D+E)ll4

D.6.2.2.2 Search range

Once a block marching criterion has been selected, some kind of search strategy must be adopred. This
must recognize the limitations of the VLC tables used to code the vectors. The maximum range of the
vector depends upon forward-f-code or backward_f_code. The motion vector ranges are given in table D.7.
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Table D.7 -- Range of motion vectors

fmvard_f_codeor
hcfqrard f mde

Motion vector ranqe
full-rpl=O full-nel=l

I
.,

3
4
5
6
7

-8 to 7,5
-16 to 15,5
-32 to 31,5
-64 to 63,5

-128 to 127,5
-256 to 255,5

-512 to 511.5

-16 to l5
-32 to 3l
-64 to 63

-128 to 127
-256 to255
-512 to 5ll

-l O24 to I 023

The range depends on the value of full-pel-forward_vector or fullpel_backward_vector in the picture
header. Thus if all the motion vectors were found to be 15 pels m less, the encoder would usually select
hatf pel rcwacy urd a forwrd-f-code or backward_f_code value of 2.

The search must be constrained to take place within the boundaries of the decoded reference picture. Motion
vectors which refer to pels outside the picture are not allowed. Any bitstream which refers to such pels does
not conform to his part of ISO/IEC lll72.

D.6.2.2.9 2-D search strategy

Therp are many possible methods of searching another picture for the best march to a cunent block, and a
few simple ones will be described.

The simplest search is a full search. Within lhe chosen search range all possible displacements are
evaluated using tbe block matching criterion.

The full search is computationally expensive, and practical encoders may not be able to afford the time
rcquired for a full search.

A simple modification of the full search is to search using only integer pel displacemenrs. Once the best
integer match has been foun4 the eight neighbouring half-integer pel displacements are evaluared, and the
b€st one selected as illustrated below:
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Figure D.25 .. Integer pel and half pel displacements

Assume that the position x+2,y+2 gives the best integer displacement matching using the selected block
matching criterion, then the encoder would evaluate the eight positions with half pel displacements marked
by + signs in figure D.25. If one of them were a beuer match then it would become the motion vector,
ofterwise the motion vector would remain that of the integer displacement x+2,y+2.

If during the integer pel search, two or more positions have the same block matching value, the encoder can
adopt a consisient tie-breaking rule.

Tbe modified full search algorithm is approximately an order of magnitude simpler than the full search.
Using only integer displacements for the first stage of the search reduces the number of evaluations by a
factor of four. In addition, the evaluations are simpler since the pel differences sur be calculated directly and
do not have to be interpolated.

x+2

t

t

8lPage 98 of 130



I
l
l
l
l
l
l
l
l
:l

I
I
I
I
I

I

ISO/IEC 11172-2: 1 es3 (E) @ lso/tEc

For some applications even the modified full search may be too time consuming, and a faster searcb method
may be required. One such method is the logarithmic search.

D,6.2.2.4 Logarithmic search

In this search method grids of 9 displacements are examined, and the search continued based on a smaller
grid centered on the position of the best match. If the grids are reduced in size by a factor of 3 at each step
then the search is maximally efficient in the sense that any integer shift has a unique selection path to it.
This method will find the best match only for a rather limited set of image types. A more robust method is
to reduce the size of the grids by a smaller factor at each step, e.g. by a factor of 2. The scaling factors can
also be adjusted to match the search ranges of table D.7.

The method will be illustrated with an example. Consider the set of integer shifts in figure D.26:

Figure D.26 -- Logarithmic search method for integer pel shifts

The first grid has a spacing of 4 pels. The first step examines pels at shifrs of 0, 4, or -4 pels in each
direction, marked I in figure D.26. The best position is used as the cenrer point of the second grid.
4**. it is the pel marked I directly to the left of the center pel. The second grid has a spacing of 2 pels.
The second step examines pels at shifs of 0, 2, or -2 pels in each direction from the center of the new grid,
marked 2 in the figure. The best position is used as the center point of the third grid, assume it is the lower
lght pel of the second grid. The third grid has a spacing of I pel. The third srep examines pels ar shifts of
0, 1, or -l pels in each direction from the center of the grid. The best position is used as tlre center point of
the fourth grid. The fourth grid has a spacing of l2 pel. The fourth step examines pels ar shifts of 0, l/2,
or 'lD pels in each direction from the center of the grid using the same method as in the modified full
searcb. The best position determines the motion vector.

Some possible grid spacings for various search ranges are given in table D.8.

Table D.8 -- Grid spacings for logarithmic searches

forq{ard f mde RANGE STEPS GRID SPACINGS
I
2
3

r7,5
t15,5
t31.5

4
5
6

421u2
842tv2

168421v2

For P-pictures only fonrard searches are performed, but B-pictures require both forward and backward
searches. Not dl the vectors calculated during lhe search are necessarily used. In B-pictures either forward
or backward motion compensation might be used instead of interpolated motion compensation, and in both
P and B-pictrnes the encoder might decide that a block is better coded as intra in which case no vectors are
transmitted.

D.6.2.2.5 Telescopic search

Even with the faster methods of the modified full search, or the logarithmic search, the search might be
quite expensive. For exarnple, if the encoder decides to use a maximum search range of 7 pels per picture
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**rtrf{.*****r}***,}
t***'t+***+**,t:t*
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interval, and if there are 4 B-pictures preceding a P-picture, then the full search range for the P-picmre would

be 35 pels. This large search range may exceed the capabilities of the encoder.

One way of reducing the searcb range is to use a telescopic search techniqllg. This is best explained by

iltustrating with an example. Consider the group of pictures in figure D.27.

B
ll

P
t2

Figure D.27 -- Example grouP of pictures in display order

The encoder might proceed using its selected block matching criteriox and D search strategy. For each P-

pictrne and the ireceding B-pictures, it first calculates all the fonrard vectors, then calculates all the

backward vectors. The first set of pictures consists of pictures 0 lhrougb 4.

To calculate ttre complete set of forward vectors, the encoder first calculates all the forward vectors from

picture 0 o picture I using a 2-D search strategy centered on zero displacement It next calculates all the

taward veciors from picture 0 o pictrne 2 using a 2-D search strategy centered on the displacements

calculated for the conbsponding biock of picture l. It next calculates all the forward vectors from picture 0

o picture 3 using a 2-D search itrategy centered on ttre displacements calculated for the corresponding block

of picture 2. niially, it calculat€s ali ihe forward vectors from picture 0 to picture 4 using a 2-D search

strit"gy centered on the displacements calculated for the conesponding block of picture 3.

To calculate the complete set of backward v@tors, the encoder Frrst calculates all the backward vectors from

picture 4 O picture lusing a 2-D search strategy centered on zero displacement It next calculates all the

iackward vectors from piiture 4 to picture 2 using a 2-D search sttategy centered on the displacements

calcgl4ed for the coneiponding block of picture 3. Finally, it calculates all tlre backward vectors from

pictlre 4 o picture I using a 2-D search strategy centered on the displacements calculated for the

corresponding block of picture 2.

Further methods of motion estimation are given by Netravali and Haskell [1].

D.6.2.3 Goding of motion voctors

The motion vector of a macroblock tends to be well conelated with the vector of tlte previous macroblock.

For example, in a pan all vectors would be roughly the same. Motion vectors are coded using a DPCM

technique to make use of ttris conelation.

In P-picUyes the motion vector used for DPCM, the prediction. vector, is set to zeto at the slart of each slice

and at each intra-coded macroblock. Note ttrat macmblocks which are coded as predictive but which have no

motion v@tor, also set the prediction v@lor to zero.

In B-pictrnes there are two motion vectors, foruard and backward. Each vector is coded relative to the

prediited vector of the same type. Both motion vectors are set to zero at the start of each slice and at each

intra-coOen macroblock. Note ttrat predictive macroblocks which have only a forward vector do not affect

the value of the predicted backward vector. Similarly, predictive macroblocks which tr,ave only a backward

vecbr do not affect the value of the predicted forward vector'

The range of the vectors is set by two pafameters. The futl4el-fonvard-vector and

fulllellbackward_vector flags in the picture header determine whelher fte vectors are defined in half-pel or

integer-pel units.

A second pararneter, forward-f-code or backward-f-code, is related tn the number of bits appended to the

VLC codes in table D.9.
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Table D.9 -- Differential motion code.

Vrccode Value

0000 00ll mt
0000 00ll 0ll
0000 mll 101

00000011 111

0000 0100 001
0000 0100 0ll
0000 0100 ll
0000 0101 0r
00000101 ll
0000 0lll
0000 r00l
0000 l0ll
0000 ll
0001 l
0011
0il
I
010
0010
0001 0
0000 ll0
0000 l0l0
0000 1000
0000 0110
0000 0l0r l0
0000 0l0l m
0000 0100 l0
0000 0100 010
0000 0100 000
00000011 110
0000 00ll 100
0000 00ll 010
fino mll 000

-16
-15
-14
-13
-12
-ll
-10

-9
-8
-7
4
-5
4
-3
-2
-l
0
I
2
3
4
5
6
7
I
9

l0
l1
t2
l3
14

l5
l6

Advantage is taken of the fact that the range of displacement vector values is constrained. Each VLC
represents a pair of difference values. Only one of the pair will yield a motion vector falling within the
pernftted range.

The range of the vector is limited to the values shown in table D.7. The values obtained by decoding the

differential values must be kept within this range by adding or subtracting a modulus which depends on the

f value as shown in table D.10.

Table D.l0 -- Modulus for motion vectors

fmard-f_cocle
orbackward f ccde

MODULI"]S

I
2
3
4
5

6
7

32
&

128
256
512

| 024
2M8
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The use of the modulus, which refers only to the numbers in tables D.8 through D.10, wiU be iilustrated
by an example. fusume thu a slice has the following vectors, expressed in the units set by the full pel
f1ag.

3 10 30 30 -14 -t6 27 24

The range is such that an f value of 2 can be used. The initial prediction is zero, so the differential values
ae

3 7 20 04 -2 43 -3

The differential values are reducpd to the range -32 to +31 by adding or subtracting the modulus 64
cmrcsponding to the forward-f-code of 2.

3 7 20 0 20 -2-2t -3

To create the codeword, (mvd + (sign(mvd)*(forward-f-l) ) ) is divided by forward_f. The signed quotient of
this division is used to find a variable length codeword from table D.9. Then the absolute value of the
remainder is used to generate a fixed length code tlni is concatenated with the variable length code. The
codes generated by this example are shown below:

Value VLC Code

3

7
20
0

20
-2
-21
-3

0010 0
0000 ll00
0000 0100 l0l
I
0000 0100 l0l
011I
0000 0100 0l l0
mll0

D.6.3 Godlng l-pictures

In coding I-pictures, the encoder has two main decisions to make that are not mandated by this part of
ISO/IEC ltl72. These are: how to divide the picture up ino slices, and how to set he quantizer scale.

D.6.3.1 Slices in l-pictures

Division of the picture into slices is described in D.5.4.

D.6.3.2 Macroblocks in l-pictures

0.6.3.2.1 Macroblock types in l-pictures

There are two types of macroblock in l-pictures. Both use intra coding. One uses lhe cunent quantizer
scale, whereas the other defines a new value for the quantizer scale. They are identified in the coded
bitsream by the VLC codes given in table D.11.

Table D.11 .- Macroblock type VLC for l-pictures (table B.2a.)

TYPE OI.IANT vLc
intnad
intra{ I

t
0t

The types are refened to names in this annex. Intra-d is the default tyre where the quantizer scale is not
changed. Intra4 sets the quantizer scale.

In order to allow for possible future extension to MPEG video, the VLC for intra-q is 0l rather than 0.
Additional types could be added to this table without interfering with the existing entries. The VLC nble is
thus open for future additions, and not closed. A policy of rnaking the coding tables open in this way was
adopted by in developing this part of ISO/IEC lll72. The advantage of future extension was judged to be
worth the slight coding inefficiency.

t

t

t

t

t

t

t

t

t
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D,6.3,2.2 Quantlzer scale

If the macroblock type is intra4, then the macroblock header contains a five-bit integer which defines the
quantizer scale. This is used by the decoder to calculate the DCT coefficients from the transmitted quantized
coefficients. A value of 0 is forbidden, so the quantizer scale can have any value between I and 3 I
inclusive.

Note that also the quantizer scale is set in a slice header.

If the block type is inlra-4 lhen no quantizer scale is transmitted and the decoder uses the previously set
value, For a discussion on strategies encoders might use to set the quantizer scale, see D.6.1.

Note that the cost of transmitting a new quantizer scale is six bits: one for the extra length of the
macroblock type code, and five to defirc the value. Although this is normally a small fraction of the bits
allocated to coding each macroblock, the encoder should exercise some restraint and avoid making a large
nurnber of very small changes.

D.6.3.3 DCT translorm

The DCT is illustrated in figure D.28.

u, lncreastng
horizontal frequencyx

v, increasing
vertical frequency

(a) Pels (b) DCT Coefficients

Figure D.2E -- Transformation of pels to coefficients

The pels are shown in raster scan onder, whereas the coefficients are arranged in frequency order. The top left
coefficient is the dc term and is proportional to the average value of the comp,onent pel values. The other
coefficients are called ac coeflicients. The ac coefhcients to the right of the dc coefficient represent
inoeasing horizontal frequencies, whereas ac coefficients below the dc coefficient represent increasing
vertical frequencies. Tbe remaining ac coefficients contain both horizontal and vertical frequency
components. Note that an image containing only vertical lines contains only horizontal frequencies.

Tbe cnefficient aray con0ains all tlre information of the pel array and the pel array can be exactly
reconsttucted from the coefficient aray, except for information lost by the use of ftnite arithmetic precision.

The two-dimensional DCT is defined as

v

77
x{ f0

ffilrl-T-trItrll

ffi
!

86

F(u,v) = f, f (x,y) cos (n(2x+ I )u/16)cos (rc(2y+ I )v/16)
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wirh:
wtrcre

c(u)
c(v)

U, V' X, Y = 0, l, 2, ..,7
x, y = spatial coordinates in the pel domain
u, v = coordinates in the transform domain

= | I ,[2 for u = 0

= ll^f}forv=0
= I otherwise

This transform is separable, i.e. a one-dimensional DCT transform may be applied first in the horizontal
direction and then in the vertical direction. The formula for the one dimensiotul transform is:

7
n(u) = t C(u) I f(x)cos(r(2x+l)u/16)

x{

c(u) = lt.l2 for u = 0

= I otherwise

Fast DCT transforms exist, analogous to fast Fourier triursfonns. Ses reference [3].

The input pel values have a range from 0 to 255, giving a dynamic range for the dc coefficient from 0 to
2 040. The maximum dynamic range for any ac coefficient is about -l 000 to I 000. Note that for P and
B-pictures the component pels represent difference values and range from -255 to 255. This gives a
maximum dynamic range for any coefficient of about -2 000 to 2 000. The encoder may thus represent the
coefficients using 12 bits whose values range from -2 0/,8lD2047.

D.6.3.4 Ouantization

Each array of 8 by 8 coefficiens produced by the DCT transform operation is quantized to produce an 8 by 8
array of quantized coefficients. Normally the number of non-zero quantized coefficients is quite small, and
this is one of the main reasons why the compression scheme works as well as it does.

The coefficients are quantized with a uniform quantizer. The characteristic of this quantizer, only for I-
blocks, is shown below:

lndex

Coefficent

Figure D,29. -- Uniform quantizer characteristics

The value of the coefficient is divided by the qunntizer step size and rouuded to the nearest whole number to
produce tbe quantized coefficient Half integer values may be rounded up or down without directly affecting
image quality. However, rounding towards zero tends to give the smallest cocle size and so is preferred. For
example, with a step size of 16 atl coefficients with values between 25 and 40 inclusive would give a
quantized coefficient of 2.

t

t

t

t

t

t

t

L

L

L
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The quantizer step size is derived from the quantizarion matrix and the quantizer scale. It can tius be

different for different coefficients, and may change between macroblocks. The only exception is the dc
coefficient which is trealed differently.

The eye is quite sensitive to large area luminance errors, and so the accuracy of coding the dc value is fixed.
The quantizer step size fm tbe dc coefficients of the luminance and chrominance components is fixed at
eigbt The dc quantized coefficient is obtained by dividing the dc coefficient by eight and rounding to the
nearest wbole number. This effectively quantizes the average dc value to one part in 256 for the
re,constnrcted pels.

For example, a dc coefficient of 2l is quantized to a value of 3, independent of the value of the quantizer
scale.

The ac coefficients are quantized using the intra quantization matrix. The quantized coefficient i[u,v] is
produced by quantizing the coefficient c[u,v] for l-blocks. One equation is given by the formuliu

i[u,vl = 8 * c[u,vl ll (c* m[u,vl)

where m[u,v] is the conesponding element of the intra quantization matrix, and q is the quantizer scale. The
quantized coefhcient is limited to the range -255 to +255.

The intra quantization matrix might be lhe default matrix, or it might have been downloaded in the sequence
brzdrr.

D.6.3.5 Coding of quantized coefficients

The top left coefficient in figure D.28b is called the dc coefficient" the remainder are called ac coefficients.
The dc coefficient is correlated with the dc coefficient of the preceding block, and advantage is taken of this
in coding. The ac coeflicients arc not well correlaled, and are coded independently.

After the dc coefficient of a block has been quantized it is coded losslessly by a DPCM technique. Coding
of the luminance blocks within a macroblock follows the raster scan order of figure D.5, 0 to 3. Thus the
dc value of block 3 becomes the dc pedictor for block 0 of the following macroblock. The dc value of each
chrominance block is coded using the dc value of the conesponding block of the previous macroblock as a
predictor. At the beginning of each slice, all three dc predictors for Y, Cb and Cr, are set tn I 024 (128*8).

The differential dc values thus generated arc categorized according to their absolute value as shown in table
D.t2.

Table D.12. -- Differential dc size and VLC

DIFFERENTIAL DC
(absolute value)

SIZE VLC CODE
(luminance)

VLC CODE
(chrominance)

0
I
2to3
4 to7
8ro15
16 to 3l
32w61
64 tD 127
128 to 255

0
I
2
3

4
5

6
7
8

100
00
01
l0l
110
1ilO
llll0
l11l l0
llll ll0

00
0l
l0
ll0
lll0
llll0
I111 l0
lllr ll0
llll l1l0

The size is transmitted using a VLC. This VLC is different for luminance and chrominance since the
statistics are differenl

The size defines the number of additional bits required to define the level uniquely. Thus a size of 6 is
followed by 6 additional bits. These bis define Oe level in order, from low to high. Thus the first of these
exua bits gives the sign: 0 for negative and I for positive. A size of zero requires no additional bits.

The additional codes are given in table D.l3.
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Table D.f3. -- Differential dc additional code

DIFFERENTIAL DC szE ADDMONAL CODE
-255 to -128
-127 to -64
-63 to -32
-31 to -16
-15 to -8
-7to4
3to-2
-l
0
I
2n3
4w7
8o15
16 to 3l
32n63
&to 127
128 to 255

8
7
6
5
4
3
2
I
0
I
2
3
4
5
6
7
8

00000000 to 0llllIII
0000000 to 0llllll
000000 to 011111
00000 to 01111
0000 to 0l l l
000 to 011
00 t0 0l

0

I
l0oll

100 to 111
1000 to 11l l

10000 to I l1l I
100000 to llllll

1000000 to lllllll
10000000to 11111111

For example, a luminance dc change of 10 would be coded as 1101010. table D.12 shows that the frst
three bits I l0 indicate that the size is 4. This means that four additional bits are required to define the exact
value. The next bit is a l, and table D.l3 shows that the differential dc value must be somewhere between
8 and 15 inclusive. The last three bib, 010, show that the exact value is 10.

The decoder reconstructs dc quantized coefficients by following the invene procedure.

The ac quantized coefficients are coded using a run length and level technique. The quantized coefficients are
first scanned in the zigzag order shown in figure D.30.

lncreasing Horizontal Frequency

1,--+ 2 6->1

r

t.

t
t

t

t

t

t

t

t

t

t

t

t

B

9

''

I

/
/

/

3

+
4

/ /

/
5 I4

15

11

26

)a

40

41

51

:) lJ

l6

)'7

31

4L

46

52

51

59

28

3(J

42

45

53

56

60

6r -'l

?q

43

44

54

55

61

62

64

lncreasing
Vertical

Frequenry

10

ll

2I

22

36

13 t8

t2 19 25

20 24 33

23 14 39

35 38 48

3'7 49 50

Figure D.30. -- Quantized coefficient block in zigzag scan order

The scanning order starts at l, passes tfuough 2,3 etc in order, eventually reaching 64 in the bonom right
cornef,. Tbe length of a run is the number of zero quantized coefficients skipped over. For example, the
quantized coefhcients in figure D.3l produce the list of run lengths and levels in table D.14.
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1

2
4
1

0

0

0

0

0

-3
-5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

L30
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Figure D.31. .. Example quantized coefficients

Table D.14. -. Exemple run lengths end levels

The scan starts at position 2 since the top left quantized coefficient is coded separately as the dc quantized
coefficient

Using a z,gz.Ag scan nather than a raster scan is more efficient as it gives fewer runs and can be coded with
shorter VLC codes.

Tbs list of run lengths and levels is coded using uable D.l5 Not alt possible combinations of run length
and level are in tbese tables, only the more common ones. Fu combinations not in the tables, an escape
sequence is used. In table D.15, the last bit 's'denotes the sign of the level; 0 means a positive level and 1

m6ans anegative level. The escape code is used followed by the run length derived from table D.16 and then
the level from able D.17.

I
0
0
3
0

t4
sd

2
4

-3
-5
I

30I
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Teblc D.15. " Combinrtion codcs for
DCT qurntiz.cd coclticlcnts. s = 0 for
posltivi lcvel, s = 1 for negrtivc level

t

t

t

t
t

t

L

L

L

L

L

t

L

L

t

t

l0
ts IF lst COEFF
lls NOT tstCOEFF
01fi) s

0010 ls
fi)O() I lOs
0010 0ll0 s

fi)lo fiX)l s

000O 0010 lOs

0000 0001 lt0l s

000O 0001 l0oo s

0000 mol fi)ll s

0000 00Ol fiXX) s

0000 0000 I l0l 0s

mOO 0000 llfi) ls
0OOO 0000 llfi) 0s

0OOO OOm l0ll ls
0000 0O0O 0tll lls
0000 0000 0lll lOs

0000 0000 0lll Ols
mOO 0000 0ltl ms
0000 0000 0ll0 lls
m00 Ofin 0ll0 lOs

00m 0000 0ll0 Ols
OmO (Xn0 Oll0 OOf

0m0 0000 0t0l lls
0O0O 0000 0l0l los
0o0O 0000 0t0l Ols
0000 Ofln 0l0l (X)E

0000 0000 0l0o lls
0000 00oO 0l0o tOs

0000 0000 0100 Ols
0000 0000 Otm 00s
0000 0000 00ll 0o0s
0m0 00OO fi)10 t t ls
0000 0000 00lo ll0s
0000 00m 0Ol0 l0ls
0000 0000 0010 l00s
0000 0000 0010 0lls
0000 00OO 0Ol0 0t0s
0000 0000 0Ol0 00ls
0000 0000 0010 00os
0l ls
00Ol lOs
0Ol0 0l0l s

(XDO 00ll 00s
0000 0O0l l0ll s

0000 00m l0ll Os

0000 0000 l0l0 ls
(XnO 0000 00ll ll ls
0000 0000 00ll llOs
OmO O(Xn 00ll lOls
0000 00m 00ll lfih
m00 OmO 00ll 0tls
omo omo 00ll 0l&
0000 0000 fi)ll fi)ls
0O0O 0000 Ofi)l fi)l ls
0000 0000 00Ol 00l0s
0000 0000 fi)01 Ofi)ls
0000 0001

t
t
2
3
4
5
6
7
8

9

I
2
3
4
5
6
1
8
9

3l
3

l0
ll
t2
l3
l4
r5
l6
t7
IE
l9

l0
tl
l3
l4
l5
l6
t7
l8

32
33
34
35
36
37
38
39

2t
22
23
24
25
26
27
28
29

EOB

I
I
t
I
t
I
I
I
I
t
I
I
t
I
I

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
I
I
I

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

CODELEVELRIJN

0000 l00s
0000 fi)lo t ls
OOm 0001 0100 s

0O0O 0O0O t0t0 0s

fi)ll ls
0010 0100 s

oO00 000t ll00 s

0000 0000 l00l ls
00ll 0s
0000 0oll lls
0000 0001 fi)10 s

0001 lls
0000 0010 0ls
m00 0000 lo0l 0s

0001 Ols
flXD fl)01 tllO s

OO00 mOO Ofl)l 01fl)s
00Ol fi)s
0000 0001 0l0l s

0000 llls
m00 0001 0fi)l s

0000 l0ls
0000 m00 t000 ls
0010 0lll s

0000 00OO l0O0 0s

fi)10 fi)ll s

0000 0000 000t l0l0s
0010 0Ol0 s

0000 0000 fiDl lfi)ls
fl)10 fi)fi) s

0000 0000 0001 l0OOs

0000 00ll 106

0000 0000 0001 0llts
000O 0oll Ots
00m 0o0O 00Ol 0ll0s
0000 0Ol0 00s
000 mOO 0001 0l0ls
0000 0001 llll s

000O 0001 l0l0 s

0000 00Ol l0ot s

0000 00Ol 0lll s

mOO Omt 0l t0 s

oom 0000 llll ls
m00 m00 lltl 0s

0000 0000 lll0 ls
0000 00m lll0 0s

m00 mOO ltOl ls
omo 0000 0001
0000 m00 0001
0m0 fino 0001
00m 0000 0001
0000 0000 0001

0 s

0000

tllls
lllOs
I l0ls
1lfl)r
l0l ls

l8
t9
20
2l
22
23
24
25
26
27
28
29
30
3l

t0
t0
tl
ll
t2
t2
l3
l3
t4
l4
r5
r5
l6
l6
t7

2
2
2
2
2
3

3

3
3
4
4
4
5

5

5
6
6
6
7

1
8
8
9
9

I
I
I
I
I
I
I
I
I
I
I
I
I
t
I

I
2
I
2
I
2
I
2
I
2

2
I
2
t
2
I
2
t
2

I
2
3
4
5

I
2
3
4
I
2
3

I
2
3
I
2
3
I

II
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Table D.16. -- Zero run length codes

RUN-LENGTH CODE

0
I
2

62
63

0000 00
0000 0l
0000 l0

tlll l0
llu 11

Table D.17. -- Level codes for DCT quantized coefficients

LEVEL CODE

-256
-255
-25/'

-t29
-128
-t27
-t2s

-2
-1

0
I
2

t26
t27
128
129

254
2ss

FORBIDDEN
1000 0000 0000 0001
1000 0000 0000 0010

1000 0000 0111 1111
1000 0000 1000 0000
1000 0001
1000 0010

llll ll10
1111 tllI
FORBIDDEN
0000 0001
0000 0010

0lll lll0
0111 llll
0000 0000 1000 0000
0000 0000 1000 0001

0000 0000 11ll l1l0
0000 0000 lllr 1111

Using tables D.15 through D.17 we can derive the VLC codes for the example of table D.14:

Table D.f8. -- Example run lengths, values, and VLC codes

RTIN VALI.IE VLC CODE COMMENT
I
0
0
3

0
l4

EOB

1

4
-3
-5
I

130

0001 100
0000 lr00
0010 n
00000100 00ll llll l0ll
110
m00 0100 I I l0 0000 0000 1000 0010
10

esc seq

esc seq

The first three codes in table D.l8 are derived directly from table D.15. The next code is derived indirectly
since table D.l5 does not contain an entry corresponding to a run length of 3 and a level of 5. Instead the
escape code 000001 is used. This is followed by the six-bit code 00001I from rable D.l6 indicating a run
lengtb of 3. I-astly the eight-bit code from table D.17 (l I I I l0l1 - indicating a tevet of -5) is appended.

After the last coefficient has been code4 an EOB code is used to inform the decoder that there are no more
quantized coefficients in the current 8 by 8 block. This EOB code is used even if the last quantized
coefficient is at the bottom right of the block.

There are two codes for the 0,1 run length, level combination, as indicated in table D.15. Intra block
coding always tus the fint guantized coefficient, the dc quantized coefficienr, co<le<l using the dc size method.
Consequently intra blocks always use the code I ls to denote a run length, level combination of 0,1. It will
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be seen later that p'redictively coded blocks code the dc quantized coefficient differently, and may use lhe

shorter code.

D.6.4 Coding P-Pictures

As in l-pictures, eacb P-picture is divided up into one or Inore slices, which are, in tum, divided into

macrobiocks. Coding is more complex than for l-pictures, since motion-cornpensated macroblocks may be

constnrcred. Tbe difference between the motion compensated macroblock and the culrenl macmblock is

ransformed with a twodimensiorul DCT giving an array of 8 by 8 transform coefficients. The coefficients

are qruntized o poduce a set of quantized coefficients. The qr.rantized coefficients are then encoded using a

run-length value technique.

As in l-picu5as, the encoder needs to stme the decoded P-picture since this may be used as the starting point

fm motion compensaiion. Therefore, the encoder will reconslruct lh image from the quantized coefficients.

In coding P-pictures, the encoder has more decisions to make than in the case of I-pictures. These decisions

are: how o OiviOe tle picture up ino slices, determine the best moiion vectors to use, decide whether to

code eacb macroblock as intra or predicted, and how to set the quantizer scale.

D.6.4.1 Slices in P-pictures

P-picUrres are divided into slices in the same way as l-pictures. The same corsideratjots as to the best

method of dividing a picnue into slices apply, see D.5.4.

D.6.4.2 Macroblocks in P-pictures

Slices are divided into macroblocks in the same way as for l-pictures. The major difference is the

complexity introduced by motion compensation.

The macroblock header may contain strffing. The position of the macroblock is determined by the

macroblock address. Whereas the macroblock address increment within a slice for l-pictures is restricted to

ong, it may be larger for P-picnrres. Any macroblocks thus skipped over are called 'skipped macroblocks".

Tbe deco<ier copies them from the prcvious picture into tlre curent picture. Skipped macroblocks are as

predicted macroblocks with a zero motion vector for which no additional correction is available. They

require very few bits to transmit.

The next field in the macroblock heder defines the macroblock type'

D.6.4.2.1 Macroblock types ln P-pictures

There are eight rypes of macroblock in P-pictures:

Table D.19 .- Macroblock type VLC for P'pictures (table B.2b)

TYPE VLC INTRA MOTION
FORWARD

CODED
PATTERN

QUANT

@-mc
pedc
ped-m
intnad
preGmcq

Fd{q
intta{
skinned

I
01
001
0001 1

0001 0
0000 r
0000 0r
N/A

0
0
0
I
0
0
I

I
0
I
0
I
0
0

I
I
0
0
I
I
0

0
0
0
0
I
I
I

Not all possible combinations of motion compensation, cocling, quantization, and intra coding occur. For

exarnple, with intracoded macroblocks, intrad and intra-q, motion vectors are tlot. lransmitted.

Skipped macmblocks b,ave no VLC code. Instead they are culed by tr,aving the macroblock address

increment code skip over them.

t
t
t
t
t
t
t
t
t
t
t
t

L

L

I
II

93Page 110 of 130



ISO/IEC 11172-2: 1993 (E) @ lso/tEc

D.6.4.2.2 Quantizer scale

If the macroblock type is pred-mcq, pred-cq or intra4, i.e. if the QUANT column in rable D.19 has a l,
then a quantizer scale is tnansmitted . If the macroblock types are pred-mc, pred+ or intra-d, then the DCT
conection is coded using tte previously established value for the quantizer scale.

D.6.4.2.3 Motion vectors

If rle macroblock type is pred-m, pred-mc or pred-mq, i.e. if the MOION FORWARD column in table
D.l9 has a 1, then horizontal and vertical forward motion vectors are transmitted in succession..

D.6.4.2.4 Coded block pattern

If themacroblak type is pred+, pred-mc, pred-cq orpred-mcq, i.e. if the CODED PATTERN column in
table D. 19 has a 1, tben a coded block panem is transmitted. This informs the decoder which of the six
blocks in the macroblock are coded, i.e. have transmiued DCT quantized coefficients, and which are not
coded, i.e. have no additional correction after motion compensation.

The coded block pauern is a number from 0 to 63 that indicates which of ttre blocks are coded, i.e. have at
least one transmitted coefficient, and which are not coded. To understand the structure of the coded block
pattern, we refer to figure D.5 and inlroduce the variables PN to indicate the status of each of the six blocks.
If block N is coded then PN has the value one, if it is not coded then PN is zero. The coded block pattern is
denned by the equation:

CBP = 32*P0 + 16*Pl + 8*P2 + 4rP3 + 2*P4 + P5

This is equivalent to the definition given in2.4.3.6.

For exanple, if the top two luninance blocks and the Cb block are coded, and the o$er three arc not, then
P0 = l, Pl = l, P2 = 0, P3 = 0, P4 = 1, and P5 = 0. The coded block pattern is:

CBP= 32*l + 16*l + 8*0 + 4*0 + 2*l +0 = 50

Certain patterns are more common than others. Advantage is taken of this fact to increase the coding
efficiency and transmit a VLC representing the coded block pattern, rather than the coded block pattern
itself. The VLC codes are given in table D.20.

Table D.20 -- VLC table for coded block pattern

CBP VLC CODE

60
4
8

l6
32
t2
48
20
N
28
4
52
56

I
6l

2
62
24
36

3
63

lll
I tOl
I 100
l0l l
r0l0
lml l
t00l 0
1000 r
1000 0
01ll I
0lll0
01r0 I
0110 0
0l0l I
0l0l 0
0100 l
0100 0
mll ll
001l l0
0011 0l
00lr 00

CBP VLC CODE

5
9

l7
33
6

r0
l8
34

7
ll
l9
35
l3
49
2t
4l
l4
-s0
)')
42
l5

0010 lll
0010 ll0
0010 l0l
0010 100
0010 011
0010 010
0010 001
0010 000
0001 llll
0001 I I l0
0001 1101
0001 1lm
0001 l0ll
0001 1010
0001 1001
000r 1000
0001 0lll
0001 0r l0
0001.010r
0001 0lm
0001 00ll

CBP VLC CODE

5l
23
43
25
37
26
38
29
45
53
57
30
6
54
58
31
47
55
59
27
39

0001 0010
0001 000r
0001 0000
0000 ll11
0000 1110
0000 ll0l
0000 lr00
0000 l0ll
0000 1010
0000 1001
0000 1000
0000 0111
0000 0110
0000 0r0l
0000 0100
00000011 l
00000011 0
0000 0010 l
0000 0010 0
0000 0001 l
0000 0001 0
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Tbus the coded block pattern of the previous example, 50, would be represented by the code "00010110".

Note that there is no code representing th state in which none of the blocks are coded, a coded block pattern
equal to zero. Instead, this state is indicated by the macroblock type.

For macroblocks in l-pictures, and for intra coded macroblocks in P and B-pictures, the coded block pattern
is not transmilte4 but is assrrned to have a value of 63, i.e. all the blocks in the macroblock are coded.

Tbe use of coded block patterns instead of transmitting end of block code.s for all blocks follows the practice
in CCITT Reconrmendation H.261.

D.6.4.3 Selection ol macroblock type

An encoder bas tbe difficult task of choosing between the different types of macroblocks.

An exhaustive method is to try coding a macroblock to tbe same degree of accuracy using each type, then
choose the type that requires the least number of coding bits.

A simpler method, and one that is computationally less expensive, is to make a series of decisions. One
way to order these decisions is:

motion compensation or no motion compensation, i.e. is a motion vector transmitted or
is it assumed to be zero.
intra or non intra coding, i.e. is the macroblock type intra or is it predicted using the
motion vectc found in step l.
if the macroblock type is non-inlra, is it coded or not coded, i.e. is the residual error large
enough to be coded using the DCT triusform.
decide if the quantizer scale is satisfacory or should be changed.

These decisions are surunarized in figure D.32.

No ant

Intra

Begin

Figure D.32 -- Selection of macroblock types in P-pictures

The four decision steps are discussed in the next four clauses.

D.6.4.3.1 Motion compensation decision

Tbe encoder has an option whether to transmit motion ve€tors or not frr predictive-coded macroblocks. If
the motion vector is zero then some code may be saved by not transmitting the rnotion vectors. Thus one
algorithm is to search for the best match and compare the enor of the predicted block with that formed with
a zero vector. If the motion-compensated block is only slightly better than the uncompensated block, using
the selected block marching criterion, then the zero vector might be used to save codiug bis.

1:

,,.

3:

4:

t
t
t
t
t
t

t
t
l_

t

95Page 112 of 130



ISO/IEC 11172'2: 1 993 (E) o tso/lEc

An algmirhm used in tbe development of both CCITI Recommendation H.261 and this part of ISO/IEC
I I172 was as follows.

The block-matching criterion is the sum of absolute differences of all the luminance pels in a macroblock,

when compared witb the motion-compensated macroblock. If the sum is M for fte motion-compensated

bloclq ard Zfor the zero vector, then the decision of whether to make use of tlre motion vector is defined by
figure D.33.

y=ltl/256
7

6

5

4

3

2

1

0

NoMC

2,7 r
0.5ff.

01251 5 6 7

x=Z256

Figure D.33 -. Characteristic MC/No MC

Points on the line dividing the No MC (no motion compensation, i.e. zero vector), from the MC (motion
compensation) regions, are regarded as belonging to the no motion compensation region.

It can be seen that if the error is sufficiently low, then no motion compensation should be used. Thus a
way to speed up the decision is to examine the zero vector first and decide if it is good enough.

The foregoing algorithm was designed for telecommunications sequences in which the camera was fixe4 and
in which any movement of the background caused by the "drag along effect" of nearby moving objects was
very objectionable. Great ciare was taken to reduce this spurious motion, and this accounts for the curious
shape of the boundary between the two regions in figure D.33.

D.6.4.3.2 lntra/non-intra coding decision

After the encoder has determined the best motion vector, it is in a position to decide whether to use it, or
disregard it entirely and code the macroblock as intra. The obvious way to do this is to code the block as
intra, and compare the total number of bits required when coded as motion compensated plus correction with
the same quantizer scale. The method using the fewest bits rnay be used.

This may be too computationally expensive for the encoder to do, and a faster algorithm may be required.
One such algorithm, used in tlre simulation model during the development of this part of ISO/IEC lll72,
was based on the variance of the luminarrce component of the macroblock. The variance of the current
macroblock and of the difference macroblock (current - mo{.ion-compensated previous) is compared. It is
calculated using the method represented by the following C program fragment. Note that in calculating the
variance of the difference macroblock, the average value is assumed to be zero.
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/* Pel values in the Previous macroblock after motion compensation */
/t Pel values in the Current macroblock */
/* Difference between two pel values */
/* Sum ofthecunent pel values r/
/* Variance of the Difference macroblock */
/*variance of the current macroblock */
/* coordinates */

int pelpll6ltl6I;
int pelcll6lll6l;
long dif;
long sum;
long vard;
long varc;
int x,y;

sum = 0;
vard = 0;
varC = 0;
for (y=0;ycl6;y++) (

for (x=0;xcl6;x++) (

sum=sum+Pelc[Y]lxh
varc = varc + (pelclyl [x] *petcfyl [x]);

Oif = pelclyllxl - petplylfxl;
vard=vrd+(dif*dif);

)

)
vard = vrd/256; /* assumes mean is close to zeto *l
varc = ( varcf256 ) - ( (sum/256)*(sum/2-56) );

The decision as to whether to code as inra or non intra is then based on figure D.34

Figure D.34 -- Characteristic intra/non-intra

Points on the line dividing the non-intra from the intra regions, are regardul as belongirrg to the non-intra
region.

D.6.4.3.3 Coded/not coded decision

The choice of coded or not coded is a result of quantization; when all coefficients are zero then a block is not
coded. A macroblock is not coded if no block in it is coded, else it is coded.

D.6.4.3.4 Quantizer/no quantizer decision

Gelerylly the quantizer scale is changed based on local scene content to improve the picture quality, ancl on
the buffer fullness of the model decoder to prcvent overflow and underllow.

D.6.4.4 DGT transform

Coefficiens of intra blocks are transformed into quantize<l coefficients in the same way that they were for
inra blocks in l-pictures. Prediction of the dc coefficient differs, however. The dc pre<licted vaiues are all
set to 1 024 (128*8) for intra blocks in P and B-pictures, unless the previous blcrckwas intra coded.

Coefficiens of non-intra blocks are coded in a sfunilar way. The main difference is rhat the coefficients to
be transformed represent differences between pel values rather than the pel values themselves. The
differences are obtained by subtracting tlre motion-compensated pel values from the previous picture from

L
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the pel values in the current macroblock. Since the coding is of differences, there is no spatial prediction of

the dc term.

D.6.4.5 Quantization of P-pictures

Intra macroblocks in P and B-pictutes are quantized using the same method as described for l-pictures.

Non-intra macroblocks in P and B-pictures are quantized using the quantizer scale and the non-intra

quantization matrix. Both dc and the ac coefficienB are quantized the same way.

The following quantization formula was derived by inverting the recons8uction formula given in 2.4.4.2.

Note that the divisor indicates truncation towards zero.

int coefforig;
int coeffqanq
int coeffrec;
int niqmatrix;
int quantscale;

niqmatrix
quantscale

coeffrig
coeffqant
wffrec

l6
l0

-39*?n
-l
-29

/* original coefficient */
/* quantized coefficient */
* reconstmcted coefficient */
/* non-intra quantization matrix */
/* quantizer scale */

cneffqant = (8 * coefforig) / (quanacale * niqmatrix);

Tbe process is illustrated below:

I

l6
l0
9-
0
0

l6
l0

20-39
I

29

t6
l0

40-59
,,

49

l6
10

fi-79
3

69

The last line shows the reconstructed coefficient values. The following diagram shows the characteristics of
this quantizer. The flat spot around zero gives this type of quantizer its name: a dead-zone quantizer.

Quantized Coeff

Coefficent

Figure D.35 -- Dead zone quantizer characteristic

D.6.4.6 Coding of quantized coefficients

D.6.4.6.1 Coding of intra blocks

Intra blocks in P-pictures are coded the same way as intra blocks in l-pictures. The only difference lies in
the prediction of the dc coefficient. The dc predicted value is 128, unless the previous block was intra
coded
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D.6.4.6.2 Goding of non-intra blocks

The coded block pattern is transmitted indicating which blocks have coefficient data' These are coded in a

similar way to rhe coding of intra blocks ,*."piur.t rhe dc coefficient is coded in the same way as the ac

coefficients.

D.6.5 Goding B'Plctures

As in I and P-picUrres, each B-picture is divided !P lnto one or more slices, whiclt Afe' in $rn' divided into

macroblocks. Coding is;;'compte* than for P-picturys, since several type-s of motion compensated

mrroblock may be *tr.tr.t * foruar4 backwarO, and interpotatal. The difference between the motion-

compensated macroblock and the currentrracroblock is transiorureo with a twodimensional DCT giving an

anay of 8 Uy a ranstorm -"in.itns. The coefficients are quantized to produce a set-of.quantized

*"ft.mt . Tbe quanfized coefficients are then encoded using a runJength value technique'

The encoder does not need to store lhe decoded B-pictures since lhey will not be used for motion

compensation.

In coding B-pictures, $e enco&r has mme decisions to make tltgn in the case of P-pictures' These

decisions are: how to di;id;th;picture up ino slices, determine the best motion vectors to use' decide

whether to use fonpard oi Uof*atO or in'terpolated motion comlrnsation or to code as intra and how to set

the quantizer scale.

D.6.5.1 Slices in B-Pictures

B-picUrres are divided into slices in fhe same way as I and P'pi.ctures' Since B-pictures are llot used as a

reference for morion ;;;il;,;;; in B-iictures are igenuv less important than in I or P-pictures.

co*equenuy, it might beappropriate to use fewer slices for B-pictures.

D.6.5.2 Macroblocks in B-pictures

Slices are divided into macroblocks in tbe same way as for l-picurres'

The macroblock header may concain stuffing. The position of the macroblock is detennined by the

macmblock address. wher;as the macroblock address increment within a slice for I-pictures is restricted !o

one, it nray be larger for B-pictures. Any t oouto"tt thus skipped over are called "skipped macroblocks"'

iiJpp.nia"-uri*. i; Biil;i oino from skipped macr_oblgks in P'pictures' w-lere-as in P-pictures

,rri-iriJ"*t"Ulocks have a motion vector equal o 
".to, 

in B-pictures skippd macroblocks have the same

motion vector and the same macroblock typ" 
^ 

ut" previous macroblocK which cannot be intfa coded' As

mere is no additional DcT correctjon, they require very few bits to transmit.

The next field in tbe macroblock header defines the macrcblock type'
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D.6.5.2.1 Macroblock types in B-pictures

There are l2 types of macroblock in B-pictures:

Table D.zl -. Macroblock type VLC for B'pictures (table B.2d)

Compared with P-pictures, there are extra types due o the introduction of the backward motion vector. If
only a fcward motion vector is present, Oen the motion compensated-macroblock is constructed from a
previous picture, as in P-pictures. If only a backward motion vector is present, lhen the motion-
compensated macroblock is constructed ftom a future picture. If bolh fonvard and backward motion vectors

are pre.sent, then motion+ompensated macroblocks are constructed from both previous and fuurre pictures,

and the result is averaged to form the "interpolated" motion-compensated macroblock.

D.6.5.2.2 Quantizer scale

If the uracroblock type is ped-icq, pred-fcq, pred-bcq, or intra-q, i.e. if the QUANT column in table D.zl
has a 1, then a quantizer scale is transmitted. For the remaining macroblock types, the DCT correction is

coded using the previously established value for the quantizer scale.

D.6.5.2.3 Motion vectors

If the MOTION FORWARD column in table D.2l has a l, then horizontal and vertical forward motion
v@tors are transmitted in succession. If the MOTION BACKWARD column in table D.2l has a l, then

bmizontal and vertical backward motion vecto$ are transmitted in succession. If both types are present then

four component vectors are ransmitted in the following order:

huizonal fonvard
vertical fonvrd
horizonlal backward
vertical brckward

D.6.5.2.4 Coded block pattorn

If ttre CODED PATTERN column in table D.21 has a l, then a coded block pattern is transmitted. This
informs tbe decoder which of the six blocks in tlre macroblock are coded, i.e. have transmitted DCT
quantized coefficients, and which are not code4 i.e. have no additional conection after motion
compensation.

b.e.S.g Selection of macroblock type

The encoder has more types of macroblock to choose from in B-pictures, than in P-pictures, and

consequently its job is a little harder.

For the simulation model usecl during development of this part of ISO/IEC lll72, the following sequential

decision algorithm was used:

TYPE vLc INTRA MOTION
FORWARD

MOTION
BACKWARD

CODED
PATTERN

QUANT

pred-i
plBeb
F€d+
prEd+c
pr€ef
@-fc
inFad
F€d-rcq
peGfoq
pleeboq
intra{
skinned

10
1l
010
0ll
0010
001I
0001 I
0001 0
0000 ll
0000 10
0000 0l
N/A

0
0
0
0
0
0
I
0
0
0
I

I
I
0
0
I
I
0
1

I
0
0

I
I
I
I
0
0
0
I
0
I
0

0
I
0
I
0
I
0
I
I
I
0

0
0
0
0
0
0
0
I
I
I
I
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motion compensation mode, i.e. is fonrard or backward or interpolative motion
compensation best? What of the vector values?
intra or non intra coding, i.e. is ilre macroblock type intra or is it motion aompensated
using mode and the vecttrs found in step 1?

if the macroblock type is non-intra is it coded or not coded, i.e. is the residual error large
enough to be coded using the DCT transform.
deci& if the quantizer scale is satisfactory or should be changed.

These decisions are summarized in the following diagram:

Fonrard MC

Begin Backwad MC

lnterpolated MC
A

Ouanl Pred-'cq
Coded

No Quant Pred-'c
Non-lntra

Not Coded Pred-* or Skipped

Quant lntra-q
lntra

No Quant lntra-d

'=i, l,orb

Figure D.36 .- Selection of macroblock type in B-pictures

The four decision st€ps are discussed in the next four clauses.

D.6.5.3.1 Selecting motion-compensation mode

An encoder should attempt to cocle B-pictures using skipped macroblocks if possible. This suggests that
tbe errcoder should first examine the case where the motion compensation is the same as for the previous
macroblock. If the previous macroblock was non-intra, and if the motion-compensated block is good
enougb, there will be no additional DCT correction required and the block can be coded as skipped.

If the macroblock cannot be coded as skipped then the following procedure may be followed.

For the simulation model, the selection of a molion compensation mode for a macroblock was based on the
minimization of a cost function. The cost function was the MSE of the luminance difference between the
motion-compensated nucroblock and the cunent macroblock. The encoder calculated tlre best motion-
compensated macroblock for fonvard motion compensation. It then calculated the best motion-compensated
macroblock for backward motion compensation by a similar method. Finally it averaged the two motion-
compensated macroblocks to produce tlrc interpolated macroblock. It then selected the one tlut had the
smallest mean square difference between it and the curent macroblock. In the event of a tie, interpolative
mode was chosen.
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D.6.5.3.2 Intra/non-intra coding decision

Based on tbe smallest MSE, a decision is made between the best of the three possible prediction modes and

the Intra mode. The calculation is similar to that of P-pictures. The variances of the difference macroblock,

vard, and of the current macroblock, varc, are calculated.

In the simulation model tbe final decision was based on simply the macroblock type with fte smallest

variance. If the two variances were equal, non-intra coding was chosen.

D.6.5.3.3 Coded/not-coded decision

The choice of coded or not codd is a result of quantization, when all coefficients ate zero then a block is not
coded. A macroblock is not coded if no block in it is coded, else it is coded.

0.6.5.4 DCT transform

Coefficients of blocks are transformed into quantized coefficients in the same way that they are for blocks in
P-pictures.

D.6.5.5 Ouantization of B-pictures

Blocks in B-pictures are quantized in the same way as for P-pictures.

D.6.5.6 Coding quantized coelficients

Blocks in B-pictures are coded the same way as blocks in P-pictures.

D.6.6 Coding D-pictures

D picuras contain only low frequency information. They are intended to be used for fast visible searcb

modes. It is intended that the low frequency information they contain is sufficient for the user to locate the

desircd video.

D pictures are coded as the dc coefficients of blocks. There is a bit transmitted for the macroblock type,

although only one macroblock type exists. In addition there is a bit denoting end of maooblock.

D.6.7 Coding at lower picture rates

This part of ISO/IEC 1l 172 does not allow pictures to be dropped at the encoder. This differs from the case

of CCITT Recommendatjon H.261 [5] wtrere temporal sub-sampling may be done by omitting coded
picurres from the s€guence. This part of ISOiIEC lll72 rqutres ttrat all source pictures must be encoded

and that coded pictures must be inserted into the bitstream nominally at the rate defined by the
picture_rate field in the sequence header.

Despite this requirement it is possible for encoders to operate at a lower effective picture rate ilran the one

defined in the sequence header by using P-pictures or B-pictures that consist entirely of macroblocks that are

copied fmm a neighbouring reference picture with no DCT information. This creates a flexible method of
temporal sub-sampting and picture repetition that may be implemented in the encoder by inserting a defined
block of data For example, to encode at an effective rate of 12,5 Hz in a 25 Hz bitstream, alternate pictures
can be copied from the preceding picture by inserting the block of data in table D.22.
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Value (bits) Mnemonic Lensth (bits)

0000 0000 0000 0000
0000 0001 0000 0000
xxxx xxxx xx
0r0
xxxx xxxx xxxx xxxx
0
001
0000 000
0000 m00 0000 0000
0000 0001 0000 0001
0000 l
I
001
0
0
00000001000 (x 1l)
0000 0011 001
001
0
0
0000

picture-sltrt-code

temporal-referene
picturc_coding_type
vbv_delay
full__rcl_fuward_code
fmvad_f_oode
stufhng
slice-start_code

quantizer-rale
macroblock_address_increment
macroblock_type
motion-honizontal-fonvard-code
motion_vertical_forward_code
rurcroblock_escape (x I I )
macroblock_address_incrcment
macroblock_type
motion_horizontal_fonvard_code
motion_vertical_forward_code
stuffins

32 bits

l0 bits
3 bits

16 bits
I bir

3 bits
7 bits

32 bits

5 bits
I bir

3 bits
I bir
1 bir

121 bits
1l bits
3 bits
I bir
1 bir

4 bits

Total 2-56 bits

@ lso/lEc ISO/IEC 11172-2: 1 9e3 (E)

Tsble D.22 -- Example of the coded data elements needed to generate
repeated pictures

D.7 Decoding MPEG video

O.7.1 Decoding a sequence

D.7.1.1 Decoding lor forward playback

At tlte beginning of a sequence, the decoder will decode the sequence header including the sequence
panmeters. If a parameter exceeds the capability of the decoder, then the decoder should report this. If the
decoder determines that it can decode the bistream, then it will set up its pararneters to match those defined
in the sequence beader. This will include the horizonual and vertical resolutions and aspect ratio, the bit
rate, and the quantization matrices.

Next the decoder will decode the group of pictures header, including the closed_gop and broken_link
infonnation, and take any appropriate action. It will decode the first picture header in the group of pictures
and read tbe vbv-delay field. If the decoder uses the vbv-delay information to start-up decoding rather than
the information in the system stream (ISO/IEC lll72-l) then it must delay displaying picrures until after a
time determined by the vbv-delay infornation and a knowledge of the decoder's architecture.

If the closed-gop flag is 0, indicating that the group is open, and the broken_link flag is I, then any B-
pictures preceding (in display order) the fust l-pictrne in the group cannot be decoded. The decoder may
adop one of several strategies. It may display the first l-picture during the time that the undecodable B-
picures would be displayed. This strategy maintains audio synchronization and buffer fullness. However it
is likely that the broken link has occured because of post coding editing, in which case audio may be
discontinuous. An alternative slrategy might be to discard the B-pictures entirely, and delay decoding the I-
picture until the buffer fullness is within limits.

If playback begins from a nandom poiut in the bitstrearn, the decoder should discard all tlre bits until it finds
a sequence start cde, a goup of pictures stan code, or a picture start code which introduces an l-picture.
The slices and macroblocks in the picture are decoded and written into a display buffer, and perhaps into
mother buffer. The decoded pictures may be post processed and displayed in the order dehned by the
temporal reference at the picture nate de|nrcd in the sequence header.
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Subsequent pictures are processed at the appropriate times to avoid buffer overflow and underflow.

D.7.1.2 Decoding for fast playback

Fast fonvard can be supported by D picores. It can also be supported by an appropriate spacing of I-
picuyes in a sequence. Fr example, if l-pictures were spaced regularly every l0 pictures, then a decoder
might be able to playback the sequence at l0 times the normal speed by decoding and displaying only the I-
pictgres. This simple concept places considenable burdens on the media and the decoder. The media must
be capable of speeding up and delivoing l0 times the data rale, the decoder must be capable of accepting
tbis higher drulltueand decoding the I-picnrres. Since l-pictures typically require significantly more bits to
code than P or B-pictures, lhe decoder will have to decode significantly more than l07o of the data even if it
can search fc picture start codes and discard he data for P and B-pictrnes.

For example, a sequerce might be coded as follows:

IB PB PB PB PB IB PB PB PB PB I...

Assume that the average code size per picture is C, that each B-picture requires 0,3C, that each P-pictrne
requires 1,5C, and that each l-picture requircs 2,-5C, then the l-pictures require 25Vo of the code for their 10%
of the display time.

Another way to achieve fast forward in a constant bit rate application, is for tlte media iself to sort out the
I-picures and transmit them. Tbis would allow the data rat€ to remain constant. Since this selection
process can be made to produce a valid ISO/IEC tll72-2 bitstrearn, the decoder should be able to decode ir
If every l-picture of the preoeding example were selected, lhen one l-picture would be transmitted every 2.5
picore periods, and the speed up rate would be 10/2,5 = 4 times. The decoder rnight be able to display the
I-picures at exactly 2,5 periods, or it might alternate displays at2 and 3 periods.

If alternate I-pictures of the preceding example were selecte4 then one l-picture would again be transmitted
every 2,5 picture periods, but the speed up rate would br-20n,5 = 8 times.

If one in N l-pictures of the preceding example were selected, then the speed up rate would O" 191ty2,J = 4N
times.

D.7.1.3 Decoding lor pause and stsp modss

Decoding for pause requires the decoder to be able to control the incoming bitstream, and display a decoded
picture without decoding any additional pictures. If the decoder has full control over the bitstream, then it
can be stopped for pause and resurned when playback resumes. If the decoder has less control, as in the case
of a CD ROM, then there may be a delay before playback can be resumed.

D.7.1.4 Decoding for reverse playback

To decode a bitstream and playback in reverse, the decoder must decode each group of pictures in the fonrard
direction, store the decoded pictures, then display them in reverse order, This places severe storage
requirements on the decoder in addition to any problems in gaining acc€ss to the coded bitsream in tlte
ctrrect order.

To reduce decoder memory requirements, Sroups of pictures should be srnall. There is no mecbanism in the
syntax for lhe encoder to state what the decoder requirements are in order to playback in reverse.

The amount of display buffer storage may be reduced by reordering the pictures, either by having t}re storage
unit read and transmit them in another order, or by reordering the coded pictures in a decoder buffer. To
illustrate the savings, consider the following typical group of pictures:
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B P pictures in disPlaY order
10 ll temporalreference

P B B picures incoded order

l l 9 l0 temporal reference

picnrres in new order
temporal reference

BBI BBPBBPB
0123456789
I BBPBBPBB
20l5 3 4 8 6 7

BBBBBBB
97 64 310

I PP
2s8

PB
ll 10

Figure D.37 -. Example group of pictures

The decoder would decode the pictures in the new order, and display them in the reverse of the nonnal

display order. Since the B-pictuies are not decoded until they are ready to bedisplaygd, thq display buffer

soiage is minimized. fne'nrst two B-pictures, 0 and l, would renrdin stored in the input buffer until the

last P-picture in the previous gtoup of pictures is decoded.

D.8 Post processlng

D.8.1 Editing

Editing of a video sequence is best performed before compression, but situations arise where only tlrc coded

bi6rc;m is available. One possibli method would be o decode the bitstream, perfonn the required editing'

and recode the bitstream. liis usually leads to a loss in video quality, and it is beuer, if possible, to edit

the coded bitstream itself.

Although editing may take several forms, the following discussion-pertains only to editing at the picture

levet diletion of coO-ed video material from a bitstream, insertion of coded video material into a biistream'

or rearrangement of coded video m,aterial within a bitstream.

If editing is anticipated, e.g. clip video is povided analogous to clip art for still pictures, then the video can

Ue encod'eO with welt defined cuuing poinS. These cutting points are places at which the bitsUeam may be

broken apart or joined. Each cutting point should be followed by a closed group of pictures. This allows

smooth playback after editing.

An edior must take que to ensurie thu the bitstream it produces is a legal bitsfeam. In particular it must

ensure that the new bitstream complies with the requirements of the video buffering verifier' This is a

difficult task and in general it will not be possible to edit together arbitrary sections of bitstreams that

corrply with this part of ISO/IEC lll77 io produce another bitstream that atso complies with this part of
ISO/IEC I I172 (see for example figure D.38).

Original

Edited

t
L

t
t
t
t
L

L

L

t
L

t,

Figure D.38 -- Sequences

It may however be possible to deliberatety encode bitstreams in a manner that allows some editing to occur.

For instance, if all Groupa of Pictures had the same number of pictures and were encoded with the same

number of bits, then many of the problems of complying with the video buffering verifier would be solved.

Tbe easiest editing task is to cut at the beginning of groups of pictures. If the group of pictures following

the cut is open, wnicn can be detected by examining the closedSop flag in the group of pictures header,

then the editor must set the broken-link bit to I to indicate to the dec(der that the previous group of
pictures cannot be used for decoding any B-pictures.

L

A B c

A c
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D.8.2 ResamPling

Tbe decoded bitstream rnay not match the picture rate or the spatial resolution of the display device. In this

quite frequent situatjon, the decoded video must be resampled or scaled.

One example, considered under prepocessing, is the case where tbe decoded video has SIF resolution and

must be converted to CCIR 601 resolution.

0.8.2.1 Conversion of MPEG SIF to CCIR 601 format

A SIF is converted to its corresponding CCIR 601 format by spatial upsampling. A linear phase FIR
filter is applied after the insertion of zeroes between samples. A frrlter that can be used for upsampling the

luminance is shown in figure D.39:

il 2s6

Figure D.39 -- Upsampling filter for luminance

At the end of the lines some special technique, such as replicating the last pel, must be adopted.

According to CCIR Rec. 601 the chrorninance sarnples need to be co-sited with the luminance samples l,
3, 5,... In order to achieve the proper location, the upsampling filter should have an even number of taps,as

shown in figure D.40.

il4

Figure D.40 -- Upsampling filter for chrominance

The SIF may be reconstructed by adding four black pels to each end of the horizontal luminance lines in the

decoded biurap, and two gray pels to each end of tlre horizontal chrominance lines. The luminance SIF
m,ay then be upsampled horizontally and vertically. The chrominance SIF should be upsampled once
horizontally and twice vertically. This process is illustrated by the following diagram:

360 720

720

240
1288

Horizontal
Upsanpling
Filter

240
1288

Vertical
Upsampling
Filter

480
1576

(a) Luma 360

180 360
180 120

1144

Verlical
Upsampling
Fiher

240
1288

Horizontal
Upsarnpling
Fifter

240
1288

Vertical
Upsampling
Fiher

480
1576

J

(b) Chroma

Figure D.41 -- Simplified decoder block diagram

D.8.2.2 Temporal resampling

Since the picture rates are limited to those commonly used irr the televisiott industry, the same techniques
may be applied. For example, conversion frorn 24 pictureVs to 60 fields/s rnay be achieved by the
technique of 3:2 pulldown.

l-tzl o F f-tt

I 3 3 I

SIF cctR 601 Y

SIF
cclR 601

U,V
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Video coded at 25 picturaVs can be converted o 50 fieldVs by displaying the original gry"d{ lines in the

odd CCIR 601 fields, and the interpolated lines in lhe even fields. Video coded at 29,97 or 30 pictureVs

may be converted o a field rate twice as large using the same method.

Video coded 
^t23,976or 

24 pictures/s may be converted to 50 fietdds by speeding it up by alm,ut49/o and

decoding itas if it had been encoOeO at a5 picturaVs. The decoded picurrcs could be displayed in the odd

fields, aid interpolated pictures in the even fields. The audio must be maintained in synchronization, eitber

by increasing the pitch, m by speeding it up witbout a pirch change.

Video coded At23,976 or 24 picrureJs may be convefted to 59,94 or 60 fields/s using the technique of 3:2

pull down.

t
t
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Annex E
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Annex F
(informative)

List of patent hotders

The user's a$ention is called to the possibility that - for some of the processes specified in this part of
ISO/IEC lll72 - compliance with this Intemational Standard rnay require use of an invention covered by
patent rights.

By publicarion of this pan of ISO/IEC lll72, no position is tnken with respect to the validity of ttris
claim or of any patent rights in connection therewith. However, each company listed in this annex has filed
with the Information Technology Task Force (ITTD a statement of willingness to gnurt a license under
such rights that they hold on reasonable and nondiscriminatory terms and conditions to applicans desiring
to obtain such a license.

Infomration regarding such patents can be obtained from :

AT&T
32 Avenue of the Americas
New York
r{Y 10013-2412
USA

Aware
I Memorial Drive
Cambridge
02142 Massachuseus
IISA

Bellcore
290 W Mount Pleasant Avenue
Livingson
NJ 07039
USA

The British Broadcasting Corporation
Broadcasting House
London
WIA IAA
tlnited Kingdom

British Telecommunications plc
Intellecural Property tlnit
13th Floor
151 Gower Street
Lqdon
WCIE684
United Kingdom

CCETT
4 Rue du Clos-Courtel
BP 59
F-35512
Cesson-Sevigtre Cedex
France

t
t
t
t
L
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CNET
3840 Rue du General l*clerc
F-921 3 I IssY-les-Moulineaux
Frarrce

Compression [,abs, IncorPorated

28CI Junction Avenue
San Jose
cA 95134
USA

CSELT
Via G Reiss Romoli 274
I-10148 Torino
Itlalv

CompuS onics CorPoration
PO Box 61017
Palo Alto
cA 94306
USA

Dairnler Benz AG
PO Box 800 230
Epplestrasse 22-5

D-7000 Stuugart 80
Germany

Dornier Gmbb
An der Bundesstrasse 31

D-7990 Friedrichshafen 1

Carmany

Fraunhofer Gesselschaft zur Foerderung der Angerwartdten Forschung e'V
Leonrodstrasse 54
8000 Muenchen 19

Carmany

Hitachi Ltd
6 Karda'Suru gdat 4 chome
Chiyoda-ku
Tokyo 101
Japan

Institut fiir Rundfunktechnik Gmbh
Florianmiihlsra8e 60
8000 Miinchen 45
CrermanY

International B usiness Machines Corporatiott
Armonk
New York 10504
TISA

KDD Corporation
2-3-2 Nishishinjuku
Sbinjuku-ku
Tokyo
Japn
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Licentia Patent-Venrraltungs-Grnbh
Theoda-Stern-lki &
D{mO Frankfurt 70
Gemany

Massachusetts Institute of Technology
20 Ames Street
Canbridge
Massachusetts 02139
USA

Matsushita Electric Industrial Co. Ltd
1006ftzalQdoma
I(dmn
Osaka 571
Japan

Mitsubishi Electric C-orporation
2-3 Marutoucbi
2{home
Cbiyoda-Ku

NEC Corporation
7-l Shiba S-Chome
Minao-ku
Tokyo
Jann

Nippon Hoso Kyokai
2-2-l Jin-nan
Shibuya-ku
Tolryo l5G0l
Japen

Pbilips Electronics NV
Cranrcwudseuag I
5621 BA Eirdhoven
TheNethalands

Pioneer Electmnic Corpaation
4-l Meguro l{home
Meguroku
Tokyo 153
Japn

Ricob Co, Ltd
l-36Nakamagome
Obtl-ku
Tokyo 143
Japn

Schawartz Engineering & Design
15 Buckland Court
San Carlos. CA 94070
USA
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Sony CorPoradon
67-35 Kimshinagawa
Shinagawa-ku
Tokyo 141

Japan

Svmbionics
Si John's Innovadon Cenre
Cowley Road
Cambridge
cB44WS
[tnit€d Kingdom

Telefunken Femseh und Rundfunk GmbH

Goringer Chaussee
D-30m Hannover 9l
CremAtY

Thomson Consumcr Electronics
9, Place dcs Vosges
La DCfense 5

92400 Courbcvoie
France

Toppan hinting Co, Ltd
l-5-l Taito
Taio-ku
Tolryo 110
Japan

Toshiba Corporarion
1-l Shibaru l-Chome
Minato-ku
Tokyo 105

Japan

VicorCompany of JaPan Ltd
l2 Moriya-ctto 3 chome
Kanagawa-ku
Yokohama
Kamgava22l
Japan
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Dcrcrlpton: data processir:g, moving pictures, video data, video recording, data st:i'.rge devices, digital storago, coded
representation. coding (data conversion).

Price based on 1 12
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