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ITU-T RECOMMENDATION H.263

VIDEO CODING FOR LOW BIT RATE COMMUNICATION

Summary

This Recommendation specifies a coded representation that can be used for compressing the moving
picture component of audio-visual services at low bit rates. The basic configuration of the video
source coding algorithm is based on Recommendation H.261 and is a hybrid of inter-picture
prediction to utilize temporal redundancy and transform coding of the remaining signa to reduce
gpatia redundancy. The source coder can operate on five standardized video source formats:
sub-QCIF, QCIF, CIF, 4CIF and 16CIF, and can also operate using a broad range of custom video
formats.

The decoder has motion compensation capability, allowing optional incorporation of this technique
in the coder. Half pixel precison is used for the motion compensation, as opposed to
Recommendation H.261 where full pixel precision and a loopfilter are used. Variable length coding
is used for the symbols to be transmitted.

In addition to the basic video source coding algorithm, sixteen negotiable coding options are
included for improved compression performance and the support of additional capabilities.
Additional supplemental information may also be included in the bitstream for enhanced display
capability and for external usage.

Source

ITU-T Recommendation H.263 was revised by ITU-T Study Group 16 (1997-2000) and was
approved under the WTSC Resolution No. 1 procedure on the 6th of February 1998.
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Recommendation H.263

VIDEO CODING FOR LOW BIT RATE COMMUNICATION
(revised in 1998)

1 Scope

This Recommendation specifies a coded representation that can be used for compressing the moving
picture component of audio-visual services at low bit rates. The basic configuration of the video
source coding algorithm is based on Recommendation H.261. Sixteen negotiable coding options are
included for improved performance and increased functionality. This Recommendation contains
Version 2 of Recommendation H.263, which is fully compatible with the original Recommendation,
adding only optional featuresto the original Version 1 content of the Recommendation.

2 References

The following Recommendations and other references contain provisions which, through reference
in this text, congtitute provisions of this Recommendation. At the time of publication, the editions
indicated were valid. All Recommendations and other references are subject to revision; all users of
this Recommendation are therefore encouraged to investigate the possibility of applying the most
recent edition of the Recommendations and other references listed below.

[1] ITU-R Recommendation BT.601-5 (1995), Studio encoding parameters of digital television
for standard 4: 3 and wide-screen 16:9 aspect ratios.

Reference [1] is referenced herein to define the (Y, Cg, Cr) colour space and its 8-bit integer
representation for pictures used by video codecs designed according to this Recommendation.
(Reference [1] is not used to define any other aspects of this Recommendation.)

The following additional 1ITU-T Recommendations are mentioned for illustration purposes in this
text; however, they do not constitute provisions of this Recommendation. At the time of publication,
the editions indicated were valid. All Recommendations and other references are subject to revision;
all users of this Recommendation are therefore encouraged to investigate the possibility of applying
the most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published.

[2] ITU-T Recommendation H.223 (1996), Multiplexing protocol for low bit rate multimedia
communication.

[3] ITU-T Recommendation H.242 (1997), System for establishing communication between
audiovisual terminals using digital channels up to 2 Mbit/s.

[4] ITU-T Recommendation H.245 (1998), Control protocol for multimedia communication.
[9] ITU-T Recommendation H.261 (1993), Video codec for audiovisual services at p x 64 kbit/s.

[6] ITU-T Recommendation H.262 (1995) | ISO/IEC 13818-2:1996, Information technology —
Generic coding of moving pictures and associated audio information: Video.

[7] ITU-T Recommendation H.324 (1998), Terminal for low bit rate multimedia
communication.
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3 Brief specification
An outline block diagram of the codec is given in Figure 1.

31 Video input and output

To permit a single Recommendation to cover use in and between regions using 625- and 525-line
television standards, the standardized source formats on which the source coder operates are based
on a Common Intermediate Format (CIF). It is also possible using external negotiation (for example,
Recommendation H.245), to enable the use of a wide range of optiona custom source formats. The
standards of the input and output television signals, which may, for example, be composite or
component, analogue or digital and the methods of performing any necessary conversion to and from
the source coding format are not subject to recommendation.

3.2 Digital output and input

The video coder provides a self-contained digital bitstream which may be combined with other
multi-facility signals (for example as defined in Recommendation H.223). The video decoder
performs the reverse process.

3.3 Sampling frequency

Pictures are sampled at an integer multiple of the video line rate. This sampling clock and the digital
network clock are asynchronous.

External control

|
i :
) |
| Coding control !
: :
| |
: :
| |
Ly Source Video multiplex Transmission L
I coder coder buffer !
| |
Video | _ | Coded
signal ! 3) Video coder I bitstream
| |
« Source «| Video multiplex Recaiving  |q_|
| decoder decoder buffer !
| |
|
| b) Video decoder i

S

T1602680-97

Figure 1/H.263 — Outline block diagram of the video codec

3.4 Source coding algorithm

A hybrid of inter-picture prediction to utilize temporal redundancy and transform coding of the
remaining signal to reduce spatial redundancy is adopted. The decoder has motion compensation
capability, allowing optional incorporation of this technique in the coder. Half pixel precision is used
for the motion compensation, as opposed to Recommendation H.261 where full pixel precision and a
loopfilter are used. Variable length coding is used for the symbols to be transmitted.
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In addition to the core H.263 coding algorithm, sixteen negotiable coding options can be used, either
together or separately (subject to certain restrictions). Additional supplemental information may also
be included in the bitstream for enhanced display capability and for externa usage. A forward error
correction method for application to the resulting video bitstream is provided for use when necessary.
The negotiable coding options, forward error correction, and supplemental information usage are
described in the subsequent subclauses.

34.1 Continuous Presence Multipoint and Video Multiplex mode

In this optional mode, up to four separate video "Sub-Bitstreams' can be sent within the same video
channel. This feature is designed for use in continuous presence multipoint application or other
situations in which separate logical channels are not available, but the use of multiple video
bitstreams is desired (see a'so Annex C).

3.4.2 Unrestricted Motion Vector mode

In this optional mode, motion vectors are alowed to point outside the picture. The edge pixels are
used as prediction for the "non-existing” pixels. With this mode a significant gain is achieved if there
is movement across the edges of the picture, especially for the smaller picture formats (see also
Annex D). Additionally, this mode includes an extension of the motion vector range so that larger
motion vectors can be used. This is especially useful in case of camera movement and large picture
formats.

34.3 Syntax-based Arithmetic Coding mode

In this optional mode, arithmetic coding is used instead of variable length coding. The SNR and
reconstructed pictures will be the same, but significantly fewer bits will be produced (see also
Annex E).

3.4.4 Advanced Prediction mode

In this optional mode, Overlapped Block Motion Compensation (OBMC) is used for the luminance
part of P-pictures (see also Annex F). Four 8 x 8 vectors instead of one 16 x 16 vector are used for
some of the macroblocks in the picture. The encoder has to decide which type of vectors to use. Four
vectors use more bits, but give better prediction. The use of this mode generally gives a considerable
improvement. A subjective gain is achieved because OBMC results in less blocking artifacts.

345 PB-frames mode

A PB-frame consists of two pictures being coded as one unit. The name PB comes from the name of
picture types in Recommendation H.262 where there are P-pictures and B-pictures. Thus a PB-frame
consists of one P-picture which is predicted from the previous decoded P-picture and one B-picture
which is predicted from both the previous decoded P-picture and the P-picture currently being
decoded. The name B-picture was chosen because parts of B-pictures may be bidirectionally
predicted from the past and future pictures. With this coding option, the picture rate can be increased
considerably without substantially increasing the bit rate (see also Annex G). However, an Improved
PB-frames mode is aso provided (see aso Annex M). The original PB-frames mode is retained
herein only for purposes of compatibility with systems made prior to the adoption of the Improved
PB-frames mode.

3.46 Forward Error Correction

A forward error correction method is specified for use when necessary for the protection of the video
bitstream for use when appropriate. The method provided for forward error correction is the same
BCH code method specified also in Recommendation H.261 (see also Annex H).
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3.4.7 Advanced INTRA Coding mode

In this optional mode, INTRA blocks are first predicted from neighbouring INTRA blocks prior to
coding (see also Annex |). Separate Variable Length Code (VLC) tables are defined for the INTRA
blocks. The technique is applied to INTRA-macroblocks within INTRA pictures and to INTRA-
macroblocks within INTER pictures. This mode significantly improves the compression performance
over the INTRA coding of the core H.263 syntax.

3.4.8 Deblocking Filter mode

In this optional mode, afilter is applied across the 8 x 8 block edge boundaries of decoded I- and
P-pictures to reduce blocking artifacts (see also Annex J). The purpose of the filter is to mitigate the
occurrence of block edge artifacts in the decoded picture. The filter affects the picture that is used for
the prediction of subsequent pictures and thus lies within the motion prediction loop.

3.49 Slice Structured mode

In this optional mode, a "dlice" layer is substituted for the GOB layer of the bitstream syntax
(see also Annex K). The purposes of this mode are to provide enhanced error resilience capability, to
make the bitstream more amenable to use with an underlying packet transport delivery, and to
minimize video delay. A diceissimilar to aGOB, in that it is a layer of the syntax that lies between
the picture layer and the macroblock layer. However, the use of a dlice layer alows a flexible
partitioning of the picture, in contrast with the fixed partitioning and fixed transmission order
required by the GOB structure.

3.4.10 Supplemental enhancement infor mation

Additional supplemental information may be included in the bitstream to signal enhanced display
capability or to provide information for external usage (see also Annex L). This supplemental
information can be used to signal afull-picture or partial-picture freeze or freeze-release request with

or without resizing, can also be used to tag particular pictures or sequences of pictures within the

video stream for external usage, and can be used to convey chroma key information for video
compositing. The supplemental information may be present in the bitstream even though the decoder

may not be capable of providing the enhanced capability to use it, or even to properly interpret it —
simply discarding the supplemental information is allowable by decoders unless a requirement to
provide the requested capability has been negotiated by external means.

3.4.11 Improved PB-frames mode

This optional mode represents an improvement compared to the PB-frames mode option (see also
Annexes G and M). The main difference between the two modes is that in the Improved PB-frames
mode, each B-block may be forward predicted using a separate motion vector or backward predicted
with a zero vector. This significantly improves coding efficiency in situations in which downscaled
P-vectors are not good candidates for B-prediction. The backward prediction is particularly useful
when there is a scene cut between the previous P-frame and the PB-frame.

3.4.12 Reference Picture Selection mode

An optional mode is provided which improves the performance of real-time video communication
over error-prone channel by allowing temporal prediction from pictures other than the most recently-
sent reference picture (see also Annex N). This mode can be used with back-channel status message
which are sent back to the encoder to inform it about whether its bitstream is being properly
received. In error-prone channel environments, this mode allows the encoder to optimize its video
encoding for the conditions of the channel.
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3.4.13 Temporal, SNR and Spatial Scalability mode

In this optional mode, there is support for temporal, SNR, and spatial scalability (see also Annex O).
Scalability implies that a bitstream is composed of a base layer and one or more associated
enhancement layers. The base layer is a separately decodable bitstream. The enhancement layers can
be decoded in conjunction with the base layer to increase perceived quality by either increasing the
picture rate, increasing the picture quality, or increasing the picture size. SNR scalability refers to
enhancement information to increase the picture quality without increasing picture resolution. Spatial
scalability refers to enhancement information to increase the picture quality by increasing picture
resolution either horizontally, vertically, or both. There is also support for temporal scalability by the
use of B-pictures. A B-picture is a scalability enhancement containing pictures that can be
bidirectionally predicted from two pictures in a reference layer, one temporally previous to the
current picture and one temporally subsequent. B-pictures allows enhancement layer information to
be used to increase perceived quality by increasing the picture rate of the displayed enhanced video
sequence. This mode can be useful for heterogenous networks with varying bandwidth capacity and
also in conjunction with error correction schemes.

3.4.14 Reference Picture Resampling mode

A syntax is provided for supporting an optional mode for which the reference picture used for video
Image prediction is processed by a resampling operation prior to its use in forming a predictor for the
current input picture (see also Annex P). This allows efficient dynamic selection of an appropriate
image resolution for video encoding, and can also support picture warping for use as a global motion
compensator or special-effect generator.

3.4.15 Reduced-Resolution Update mode

An optional mode is provided which allows reduced-resolution updates to a reference picture having
a higher resolution (see also Annex Q). This mode is expected to be used when encoding a highly
active scene, and allows an encoder to increase the picture rate at which moving parts of a scene can
be represented, while maintaining a higher resolution representation in more static areas of the scene.

3.4.16 Independent Segment Decoding mode

An optional mode is provided which alows a picture to be constructed without any data
dependencies which cross GOB or multi-GOB video picture segments or slice boundaries (see aso
Annex R). This mode provides error robustness by preventing the propagation of erroneous data
across the boundaries of the video picture segment areas.

3.4.17 AlternativeINTER VLC mode

An optional mode is provided which improves the efficiency of INTER picture coding when
significant changes are evident in the picture (see aso Annex S). This efficiency improvement is
obtained by allowing a VLC code originally designed for INTRA pictures to be used for some
INTER picture coefficients as well.

3.4.18 Modified Quantization mode

An optional mode is provided which improves the bit-rate control ability for encoding, reduces
chrominance quantization error, expands the range of representable DCT coefficients, and places
certain restrictions on coefficient values (see also Annex T). This mode modifies the semantics of the
differential quantization step size parameter of the bitstream by broadening the range of step size
changes that can be specified. It also reduces the quantization step size used for chrominance data
The range of DCT coefficient levelsis broadened to ensure that any possible coefficient value can be
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encoded to within the accuracy allowed by the step size. Certain restrictions are also placed on
coefficients in this mode to increase error detection performance and minimize decoder complexity.

35 Bit rate

The transmission clock is provided externaly. The video bit rate may be variable. In this
Recommendation no constraints on the video bit rate are given; constraints will be given by the
terminal or the network.

3.6 Buffering

The encoder shall control its output bitstream to comply with the requirements of the hypothetical
reference decoder defined in Annex B. Video data shall be provided on every valid clock cycle. This
can be ensured by MCBPC stuffing (see Tables 7 and 8) or, when forward error correction is used,
also by forward error correction stuffing frames (see Annex H).

The number of bits created by coding any single picture shall not exceed a maximum value specified
by the parameter BPPmaxKb which is measured in units of 1024 bits. The minimum allowable value
of the BPPmaxKb parameter depends on the largest picture size that has been negotiated for use in
the bitstream (see Table 1). The picture size is measured as the picture width times height for the
luminance (Y) component, measured in pixels. An encoder may use a larger value for BPPmaxKb
than as specified in Table 1, provided the larger value is first negotiated by external means, for
example Recommendation H.245.

When the Temporal, SNR, and Spatial Scalability mode (Annex O) is employed, the number of bits
sent for each picture in each enhancement layer shall not exceed the maximum value specified by
BPPmaxKb.

Table 1/H.263 — Minimum BPPmaxKb for different source picture formats

Y picturesizein pixels Minimum
BPPmaxKb
up to 25 344 (or QCIF) 64
25 360 to 101 376 (or CIF) 256
101 392 to 405 504 (or 4CIF) 512
405 520 and above 1024

3.7 Symmetry of transmission
The codec may be used for bidirectional or unidirectional visual communication.

3.8 Error handling

Error handling should be provided by external means (for example, Recommendation H.223). If it is
not provided by externa means (for example, in Recommendation H.221) the optiona error
correction code and framing as described in Annex H can be used.

A decoder can send a command to encode one or more GOBs (or dlices if Annex K is employed) of
its next picture in INTRA mode with coding parameters such as to avoid buffer overflow. A decoder
can also send a command to transmit only non-empty GOB headers if the Slice Structured mode
(see Annex K) is not in use. The transmission method for these signals is by externa means
(for example, Recommendation H.245).
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3.9

Multipoint operation

Features necessary to support switched multipoint operation are included in Annex C.

4 Sour ce coder

4.1 Sour ce format

The source coder operates on non-interlaced pictures having a source format which is defined in
terms of:

1) the picture format, as determined by the number of pixels per line, the number of lines per

picture, and the pixel aspect ratio; and

2) the timing between pictures, as determined by the Picture Clock Frequency (PCF). For
example, the Common Intermediate Format (CIF) has 352 pixels per line, 288 lines, a pixel

aspect ratio of 12:11, and a picture clock frequency of 30 000/1001 pictures per second.

The source coder operates on non-interlaced pictures occurring at a Picture Clock Frequency (PCF)
of 30 000/1001 (approximately 29.97) times per second, termed the CIF PCF. It is also possible to
negotiate the use of an optional custom PCF by externa means. A custom PCF is given by
1 800 000/(clock divisor * clock conversion factor) where clock divisor can have values of 1 through
127 and clock conversion factor can either be 1000 or 1001. The tolerance on the picture clock

frequency is+ 50 ppm.

Pictures are coded as luminance and two colour difference components (Y, Cg and Cg). These
components and the codes representing their sampled vaues are as defined in ITU-R

Recommendation BT.601-5.

. Black = 16;

. White = 235;

. Zero colour difference 128;

. Peak colour difference = 16 and 240.

These values are nominal ones and the coding algorithm functions with input values of 1 through

to 254.

There are five standardized picture formats: sub-QCIF, QCIF, CIF, 4CIF and 16CIF. It is also
possible to negotiate a custom picture format. For all of these picture formats, the luminance
sampling structure is dx pixels per line, dy lines per picture in an orthogonal arrangement. Sampling
of each of the two colour difference components is at dx/2 pixels per line, dy/2 lines per picture,
orthogonal. The values of dx, dy, dx/2 and dy/2 are given in Table 2 for each of the standardized

picture formats.

Table 2/H.263 — Number of pixels per line and number of lines for each of the
standardized H.263 picture formats

Picture | Number of pixels Number of lines | Number of pixelsfor | Number of linesfor

format | for luminance (dx) | for luminance (dy) | chrominance (dx/2) chrominance (dy/2)
sub-QCIF 128 96 64 48
QCIF 176 144 88 72
CIF 352 288 176 144
4CIF 704 576 352 288
16CIF 1408 1152 704 576
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For all picture formats, colour difference samples are sited such that their block boundaries coincide
with luminance block boundaries as shown in Figure 2. The pixel aspect ratio is the same for each of
the standardised picture formats and is the same as defined for QCIF and CIF in Recommendation
H.261: (288/3):(352/4), which simplifies to 12:11 in relatively prime numbers. The picture area
covered by al of the standardized picture formats except the sub-QCIF picture format has an aspect
ratio of 4:3.

O 1 O O
X X1 X X X X T1602690-97

X Luminance sample

O  chrominance sample

————— Block edge

Figure 2/H.263 — Positioning of luminance and chrominance samples

Custom picture formats can have a custom pixel aspect ratio as described in Table 3, if the custom
pixel aspect ratio use is first negotiated by external means. Custom picture formats can have any
number of lines and any number of pixels per line, provided that the number of lines is divisible by
four and isin therange [4, ..., 1152], and provided that the number of pixels per lineis also divisible
by four and is in the range [4, ..., 2048]. For picture formats having a width or height that is not
divisible by 16, the picture is decoded in the same manner as if the width or height had the next
larger size that would be divisible by 16 and then the picture is cropped at the right and the bottom to
the proper width and height for display purposes only.

Table 3/H.263 — Custom pixel aspect ratios

Pixel aspect ratio Pixel width:Pixel height
Square 11
CIF 12:11
525-type for 4:3 picture 10:11
CIF for 16:9 picture 16:11
525-type for 16:9 picture 40:33
Extended PAR m:n, m and n are relatively prime

All decoders and encoders shall be able to operate using the CIF picture clock frequency. Some
decoders and encoders may also support custom picture clock frequencies. All decoders shall be able
to operate using the sub-QCIF picture format. All decoders shall also be able to operate using the
QCIF picture format. Some decoders may also operate with CIF, 4CIF or 16CIF, or custom picture
formats. Encoders shall be able to operate with one of the picture formats sub-QCIF and QCIF. The
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encoders determine which of these two formats are used, and are not obliged to be able to operate
with both. Some encoders can also operate with CIF, 4CIF, 16CIF, or custom picture formats. Which
optional formats and which picture clock frequencies can be handled by the decoder is signalled by
external means, for example Recommendation H.245. For a complete overview of possible picture
formats and video coding algorithms, refer to the terminal description, for example Recommendation
H.324.

NOTE - For CIF, the number of pixels per line is compatible for practical purposes with sampling the active
portions of the luminance and colour difference signals from 525- or 625-line sources at 6.75 and 3.375 MHz
respectively. These frequencies have a simple relationship to those in ITU-R Recommendation BT.601-5.

Means shall be provided to restrict the maximum picture rate of encoders by having a minimum
number of non-transmitted pictures between transmitted ones. Selection of this minimum number
shall be by externa means (for example, Recommendation H.245). For the calculation of the
minimum number of non-transmitted pictures in PB-frames mode, the P-picture and the B-picture of
a PB-frames unit are taken as two separate pictures.

4.2 Video sour ce coding algorithm

The source coder is shown in generalized form in Figure 3. The main elements are prediction, block
transformation and quantization.
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Figure 3/H.263 — Source coder

4.2.1 GOBs, slices, macroblocks and blocks
Each picture is divided either into Groups Of Blocks (GOBS) or into slices.
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A Group Of Blocks (GOB) comprises of up to k * 16 lines, where k depends on the number of lines
in the picture format and depends on whether the optional Reduced-Resolution Update mode is in
use (see Annex Q). The dependencies are shown in Table 4. If the number of lines is less than or
equal to 400 and the optional Reduced-Resolution Update mode is not in use, then k = 1. If the
number of lines is less than or equal to 800 and the optional Reduced-Resolution Update mode isin
use or the number of linesis more than 400, then k = 2. If the number of lines is more than 800, then
k = 4. When using custom picture sizes, the number of lines in the last (bottom-most) GOB may be
less than k * 16 if the number of lines in the picture is not divisible by k * 16. However, every GOB
in each of the standardized picture formats has k* 16 lines, as the number of lines in each
standardized picture format is an integer multiple of k* 16. Thus, for example, if the optional
Reduced-Resolution mode is not in use, the number of GOBs per picture is 6 for sub-QCIF, 9 for
QCIF, and 18 for CIF, 4CIF and 16CIF. The GOB numbering is done by use of vertical scan of the
GOBs, starting with the upper GOB (number 0) and ending with the bottom-most GOB. An example
of the arrangement of GOBsin a picture is given for the CIF picture format in Figure 4. Datafor each
GOB consists of a GOB header (may be empty) followed by data for macroblocks. Data for GOBs is
transmitted per GOB in increasing GOB number.

Table 4/H.263 — Parameter k for GOB size definition

Number of Valueof k Valueof k
Linesdy when not in when in RRU
RRU mode mode
4,...,400 1 2
404,...,800 2 2
804,...,1152 4 4

The Slice Structured mode is described in Annex K. Slices are similar to GOBs in that they are a
multi-macroblock layer of the syntax, but slices have a more flexible shape and usage than GOBS,
and slices may appear in the bitstream in any order, under certain conditions.
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©
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Figure 4/H.263 — Arrangement of Groups of Blocks in a CIF picture
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Each GOB is divided into macroblocks. The macroblock structure depends on whether the optional
Reduced-Resolution Update (RRU) mode is in use (see Annex Q). Unless in RRU mode, each
macroblock relates to 16 pixels by 16 lines of Y and the spatially corresponding 8 pixels by 8 lines of
Cg and Cgr. Further, a macroblock consists of four luminance blocks and the two spatially
corresponding colour difference blocks as shown in Figure 5. Each luminance or chrominance block
thus relates to 8 pixels by 8 lines of Y, Cg or Cg. Unless in RRU mode, a GOB comprises one
macroblock row for sub-QCIF, QCIF and CIF, two macroblock rows for 4CIF and four macroblock
rows for 16CIF.

T1602710-97

Y Cg Cr

Figure 5/H.263 — Arrangement of blocks in a macroblock

When in RRU mode, a macroblock relates to 32 pixels by 32 lines of Y and the spatialy
corresponding 16 pixels by 16 lines of Cg and Cg, and each luminance or chrominance block relates
to 16 pixels by 16 lines of Y, Cg or Cg. Furthermore, a GOB comprises one macroblock row for CIF
and 4CIF, and two macroblock rows for 16CIF.

The macroblock numbering is done by use of horizontal scan of the macroblock rows from left to
right, starting with the upper macroblock row and ending with the lower macroblock row. Data for
the macroblocks is transmitted per macroblock in increasing macroblock number. Data for the blocks
is transmitted per block in increasing block number (see Figure 5).

The criteria for choice of mode and transmitting a block are not subject to recommendation and may
be varied dynamically as part of the coding control strategy. Transmitted blocks are transformed and
resulting coefficients are quantized and entropy coded.

4.2.2 Prediction

The primary form of prediction is inter-picture and may be augmented by motion compensation
(see 4.2.3). The coding mode in which temporal prediction is applied is called INTER; the coding
mode is caled INTRA if no tempora prediction is applied. The INTRA coding mode can be
signalled at the picture level (INTRA for I-pictures or INTER for P-pictures) or at the macroblock
level in P-pictures. In the optional PB-frames mode, B-pictures are always coded in INTER mode.
The B-pictures are partly predicted bidirectionally (refer to Annex G).

In total, H.263 has seven basic picture types (of which only the first two are mandatory) which are
defined primarily in terms of their prediction structure:

1) INTRA: A picture having no reference picture(s) for prediction (also called an I-picture);

2) INTER: A picture using atemporally previous reference picture (also called a P-picture);

3) PB: A frame representing two pictures and having a temporally previous reference picture
(see Annex G);

4) Improved PB: A frame functionaly similar but normally better than a PB-frame

(see Annex M);
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5) B: A picture having two reference pictures, one of which temporally precedes the B-picture
and one of which temporally succeeds the B-picture and has the same picture size
(see Annex O);

6) El: A picture having a temporally simultaneous reference picture which has either the same
or asmaller picture size (see Annex O); and
7) EP:. A picture having two reference pictures, one of which temporally precedes the

EP-picture and one of which is temporally simultaneous and has either the same or a smaller
picture size (see Annex O).

Asused herein, a "reference” or "anchor” picture is a picture that contains data which can be used by
reference as a basis for the decoding of another picture. This use by reference is also known as
"prediction”, although it sometimes may actually indicate use in areverse-temporal direction.

4.2.3 Motion compensation

The decoder will accept one vector per macroblock or, if the Advanced Prediction mode or the
Deblocking Filter mode is used, one or four vectors per macroblock (see Annexes F and J). If the
PB-frames mode is used, one additional delta vector can be transmitted per macroblock for
adaptation of the motion vectors for prediction of the B-macroblock. Similarly, an Improved
PB-frame macroblock (see Annex M) can include an additional forward motion vector. B-picture
macroblocks (see Annex O) can be transmitted together with a forward and a backward motion
vector, and EP-pictures can be transmitted with a forward motion vector.

Both horizontal and vertical components of the motion vectors have integer or half integer values. In
the default prediction mode, these values are restricted to the range [-16, 15.5] (thisis also valid for
the forward and backward motion vector components for B-pictures).

In the Unrestricted Motion Vector mode, however, the maximum range for vector components is
increased. If PLUSPTY PE is absent, the range is [-31.5, 31.5], with the restriction that only values
that are within a range of [-16, 15.5] around the predictor for each motion vector component can be
reached if the predictor is in the range [-15.5, 16]. If PLUSPTYPE is absent and the predictor is
outside [-15.5, 16], al values within the range [-31.5, 31.5] with the same sign as the predictor plus
the zero value can be reached. If PLUSPTY PE is present, the motion vector values are less restricted
(see dso Annex D).

In the Reduced-Resolution Update mode, the motion vector range is enlarged to approximately
double size, and each vector component is restricted to have only a haf-integer or zero value.
Therefore, the range of each motion vector component is [-31.5, 30.5] in the default Reduced-
Resolution Update mode (see Annex Q) and alarger range if the Unrestricted Motion Vector modeis
also used (see also Annex D).

A positive value of the horizontal or vertical component of the motion vector signifies that the
prediction is formed from pixelsin the referenced picture which are spatially to the right or below the
pixels being predicted.

Motion vectors are restricted such that all pixels referenced by them are within the coded picture
area, except when the Unrestricted Motion Vector mode, the Advanced Prediction mode, the
Advanced Prediction mode, or the Deblocking Filter mode is used (see Annexes D, F, and J), or in
B- and EP-pictures of the Temporal, SNR, and Spatial Scalability mode (see Annex O).

4.2.4 Quantization

Unless the optional Advanced INTRA Coding mode or Modified Quantization mode is in use, the
number of quantizersis 1 for the first coefficient of INTRA blocks and 31 for all other coefficients.
Within a macraoblock the same quantizer is used for all coefficients except the first one of INTRA
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blocks. The decision levels are not defined. The first coefficient of INTRA blocks is nominally the
transform dc value uniformly quantized with a step size of 8. Each of the other 31 quantizers use
equally spaced reconstruction levels with a central dead-zone around zero and with a step size of an
even value in the range 2 to 62. For the exact formulas, refer to 6.2. For quantization using the
Advanced INTRA Coding mode, refer to Annex |. For quantization using the Modified Quantization
mode, refer to Annex T.

NOTE - For the smaller quantization step sizes, the full dynamic range of the transform coefficients cannot
be represented unless the optional Modified Quantization mode is in use.

4.3 Coding control

Severa parameters may be varied to control the rate of generation of coded video data. These include
processing prior to the source coder, the quantizer, block significance criterion and temporal
subsampling. The proportions of such measures in the overall control strategy are not subject to
recommendation.

When invoked, temporal subsampling is performed by discarding compl ete pictures.

A decoder can signal its preference for a certain tradeoff between spatial and temporal resolution of
the video signal. The encoder shall signal its default tradeoff at the beginning of the call and shall
indicate whether it is capable of responding to decoder requests to change this tradeoff. The
transmission method for these signals is by external means (for example, Recommendation H.245).

4.4 For ced updating

This function is achieved by forcing the use of the INTRA mode of the coding algorithm. The update
pattern is not defined. To control the accumulation of inverse transform mismatch error, each
macroblock shall be coded in INTRA mode at least once every 132 times when coefficients are
transmitted for this macroblock in P-pictures. A similar requirement applies when using optional
EP-pictures (see Annex O), for which each macroblock shall be coded in an INTRA or upward mode
at least once every 132 times when coefficients are transmitted for the macrobl ock.

4.5 Byte alignment of start codes

Byte alignment of start codes is achieved by inserting a stuffing codeword consisting of less than
8 zero-bits before the start code such that the first bit of the start code is the first (most significant)
bit of a byte. A start code is therefore byte aligned if the position of its most significant bit is a
multiple of 8 bits from the first bit in the H.263 bitstream. All picture, slice, and EOSBS start codes
shall be byte aligned, and GOB and EOS start codes may be byte aligned.

NOTE 1 — The number of bits spent for a certain picture is variable but always a multiple of 8 bits.

NOTE 2 — H.324 requires H.263 encoders to align picture start codes with the start of logical information
units passed to the Adaptation Layer (AL_SDU's).

5 Syntax and semantics

The video syntax is arranged in a hierarchical structure with four primary layers. From top to bottom
the layers are:

. Picture;

. Group of Blocks, or slice, or video picture segment;
. Macroblock;

. Block.
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The syntax diagram is shown in Figure 6. A guide for interpretation of the diagram consists of the
following:

1) Arrow paths show the possible flows of syntax elements. Any syntax element which has zero
length is considered absent for arrow path diagramming purposes (thus, for example, thereis
an arrow path bypassing PSTUF despite the mandatory nature the PSTUF field since the
length of the PSTUF field may be zero).

2) Abbreviations and semantics for each syntax element are as defined in later clauses.

3) The set of syntax elements and arrow paths shown using thick solid lines denotes the syntax
flow of the "baseline” mode of operation, without the use of any optional enhancements.
(This syntax was also present in the Version 1 of this Recommendation, and remains
unchanged in any way.)

4) The set of syntax elements and arrow paths shown using thick dotted lines denotes the
additional elements in the syntax flow of the optional enhancements which have been
present in both Version 1 and Version 2 of this Recommendation. (This syntax remains
unchanged in any way.)

5) The set of syntax elements and arrow paths shown using thin solid lines denotes the
additional new elements in the syntax flow of the optional enhancements which are specific
to the additional optional features added in Version 2. (This syntax was not present in
Version 1.)

6) Syntax element fields shown with square-edged boundaries indicate fixed-length fields, and
those with rounded boundaries indicate variable-length fields. One syntax element
(DQUANT) is shown with both types of boundaries, because it can have either a variable or
fixed length.

7) A fixed-length field is defined to be afield for which the length of the field is not dependent
on the data in the content of the field itself. The length of thisfield is either always the same,
or is determined by the prior datain the syntax flow.

8) The term "layer" is used to refer to any part of the syntax which can be understood and
diagranmed as a distinct entity.

Unless specified otherwise, the most significant bit is transmitted first. Thisis bit 1 and is the left
most bit in the code tables in this Recommendation. Unless specified otherwise, all unused or spare
bits are set to "1". Spare bits shall not be used until their functions are specified by the ITU-T.
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Figure 6/H.263 (part 1 of 7) — Syntax diagram for the video bitstream
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Recommendation H.263 (02/98) 21



51 Picture layer

Data for each picture consists of a picture header followed by data for Group of Blocks or for dlices,
eventually followed by an optional end-of-sequence code and stuffing bits. The structure is shown in
Figure 7 for pictures that do not include the optional PLUSPTY PE data field. PSBI is only present if
indicated by CPM. TRg and DBQUANT are only present if PTY PE indicates use of the "PB-frame"
mode (unless the PLUSPTY PE field is present and the use of DBQUANT isindicated therein).

The optional PLUSPTYPE data field is present when so indicated in bits 6-8 of PTYPE. When
present, an additional set of dataisincluded in the bitstream, which immediately follows PTY PE and
precedes PQUANT. In addition, the CPM and PSBI fields are moved forward in the picture header
when PLUSPTY PE is present, so that they appear immediately after PLUSPTY PE rather than being
located after PQUANT. The format for the additional data following PLUSPTYPE is shown in
Figure 8. All fields in this additional picture header data after PLUSPTY PE are optional, depending
on whether their presence is indicated in PLUSPTYPE. When the Slice Structured mode (see
Annex K) isin use, dlices are substituted for GOBs in the location shown in Figure 7.

Combinations of PSUPP and PEI may not be present, and may be repeated when present. EOS and
EOSBS+ESBI may not be present, while ESTUF may be present only if EOS or EOSBS is present.
EOS shall not be repeated unless at least one picture start code appears between each pair of EOS
codes. Picture headers for dropped pictures are not transmitted.

I v

PSC | TR | PTYPE |[PQUANT |[CPM | PSBI| TRz | DBQUANT | PEI PSUPP | PEI GOBs | ESTUF |EOS | PSTUF

T1602790-97

Figure 7/H.263 — Structure of picture layer (without optional PLUSPTYPE-related fields)

. | PLUSPTYPE | CPM | PSBI |CPFMT|EPAR|CPCFC|ETR|UUI | SSS

ELNUM|RLNUM|RPSMF| TRPI | TRP | BCI BCM

RPRP | ...

T1605280-98

Figure 8/H.263 — Structure of optional PLUSPTYPE-related fields
(located immediately after PTYPE when present)

5.1.1 Picture Start Code (PSC) (22 bits)

PSC isaword of 22 bits. Its value is 0000 0000 0000 0000 1 00000. All picture start codes shall be
byte aligned. This shall be achieved by inserting PSTUF bits as necessary before the start code such
that the first bit of the start code isthe first (most significant) bit of a byte.
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5.1.2 Temporal Reference (TR) (8 bits)

The value of TR is formed by incrementing its value in the temporally previous reference picture
header by one plus the number of skipped or non-reference pictures at the picture clock frequency
since the previoudly transmitted one. The interpretation of TR depends on the active picture clock
frequency. Under the standard CIF picture clock frequency, TR is an 8-bit number which can have
256 possible values. The arithmetic is performed with only the eight LSBs. If a custom picture clock
frequency is signalled in use, Extended TR in 5.1.8 and TR form a 10-bit number where TR stores
the eight Least Significant Bits (LSBs) and ETR stores the two Most Significant Bits (MSBs). The
arithmetic in this case is performed with the ten LSBs. In the optional PB-frames or Improved
PB-frames mode, TR only addresses P-pictures; for the temporal reference for the B-picture part of
PB or Improved PB frames, refer to 5.1.22.

513 Typelnformation (PTYPE) (Variable Length)

Information about the compl ete picture:

- Bit1: Always "1", in order to avoid start code emulation.

- Bit 2: Always "0", for distinction with Recommendation H.261.
- Bit 3:  Split screen indicator, "0" off, "1" on.

- Bit 4: Document camera indicator, "0" off, "1" on.

- Bit 5: Full Picture Freeze Release, "0" off, "1" on.

- Bits 6-8:  Source Format, "000" forbidden, "001" sub-QCIF, "010" QCIF, "011" CIF,
"100" 4CIF, "101" 16CIF, "110" reserved, "111" extended PTYPE.

If bits 6-8 are not equal to "111", which indicates an extended PTYPE (PLUSPTYPE), the following
five bits are also present in PTYPE:

- Bit 9: Picture Coding Type, "0" INTRA (lI-picture), "1" INTER (P-picture).

- Bit 10: Optional Unrestricted Motion Vector mode (see Annex D), "0" off, "1" on.

- Bit 11: Optional Syntax-based Arithmetic Coding mode (see Annex E), "0" off, "1" on.

- Bit 12: Optional Advanced Prediction mode (see Annex F), "0" off, "1" on.

- Bit 13: Optional PB-frames mode (see Annex G), "0" normal I- or P-picture, "1" PB-frame.
Split screen indicator is a signal that indicates that the upper and lower half of the decoded picture

could be displayed side by side. This bit has no direct effect on the encoding or decoding of the
picture.

Full Picture Freeze Release is a signal from an encoder which responds to a request for packet
retransmission (if not acknowledged) or fast update request (see also Annex C) or picture freeze
request (see also Annex L) and allows a decoder to exit from its freeze picture mode and display the
decoded picture in the normal manner.

If bits 6-8 indicate a different source format than in the previous picture header, the current picture
shall be an I-picture, unless an extended PTYPE is indicated in bits 6-8 and the capability to use the
optional Reference Picture Resampling mode (see Annex P) has been negotiated externally
(for example Recommendation H.245).

Bits 10-13 refer to optional modes that are only used after negotiation between encoder and decoder
(see also Annexes D, E, F and G, respectively). If bit 9 is set to "0", bit 13 shall be set to "0" as well.

Bits 6-8 shall not have a value of "111" which indicates the presence of an extended PTYPE
(PLUSPTYPE) unless the capability has been negotiated externally (for example Recommendation
H.245) to allow the use of a custom source format or one or more of the other optional modes
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available only by the use of an extended PTYPE (see Annexes | through K and M through T).
Whenever hit 6-8 do not have avalue of "111", al of the additional modes available only by the use
of an extended PTY PE shall be considered to have been set to an "off" state and shall be inferred to
remain "off" unless explicitly switched on later in the bitstream.

514 PlusPTYPE (PLUSPTYPE) (Variable Length)

A codeword of 12 or 30 bits which is present only if the presence of extended PTYPE isindicated in
bits 6-8 of PTY PE.

PLUSPTY PE is comprised of up to three subfields: UFEP, OPPTY PE, and MPPTYPE. OPPTY PE
Is present only if UFEP has a particular value.

5.1.4.1 Update Full Extended PTYPE (UFEP) (3 bits)

A fixed length codeword of 3 bits which is present only if "extended PTYPE" isindicated in PTY PE
bits 6-8. When set to "000", it indicates that only those extended PTY PE fields which need to be
signalled in every picture header (MPPTY PE) are included in the current picture header. When set to
"001", it indicates that all extended PTY PE fields are included in the current picture header. If the
picture typeisINTRA or El, thisfield shall be set to "001".

In addition, if PLUSPTY PE is present in each of a continuing sequence of pictures, thisfield shall be
set to "001" at least as often as specified by a five-second or five-picture timeout period, whichever
alows a larger interval of time. More specificaly, the timeout period requires UFEP ="001" to
appear in the PLUSPTYPE field (if PLUSPTY PE is present in every intervening picture) of the first
picture header with temporal reference indicating atime interval greater than or equal to five seconds
since the last occurrence of UFEP="001", or of the fifth picture after the last occurrence of
UFEP="001" (whichever requirement allows a longer period of time as measured by temporal
reference).

Encoders should set UFEP to "001" more often in error-prone environments. Values of UFEP other
than "000" and "001" are reserved.
5142 TheOptional Part of PLUSPTYPE (OPPTYPE) (18 bits)

If UFEP is"001", then the following bits are present in PLUSPTY PE:

- Bits 1-3 Source Format, "000" reserved, "001" sub-QCIF, "010" QCIF, "011" CIF, "100"
4CIF, "101" 16CIF, "110" custom source format, "111" reserved;

- Bit 4 Optional Custom PCF, "0" CIF PCF, "1" custom PCF;

- Bit 5 Optional Unrestricted Motion Vector (UMV) mode (see Annex D), "0" off, "1"
on;

- Bit 6 Optional Syntax-based Arithmetic Coding (SAC) mode (see Annex E), "0" off,
"1" on;

- Bit 7 Optional Advanced Prediction (AP) mode (see Annex F), "0" off, "1" on;

- Bit 8 Optional Advanced INTRA Coding (AIC) mode (see Annex I), "0" off, "1" on;

- Bit 9 Optional Deblocking Filter (DF) mode (see Annex J), "0" off, "1" on;

- Bit 10 Optional Slice Structured (SS) mode (see Annex K), "0" off, "1" on;

- Bit 11 Optional Reference Picture Selection (RPS) mode (see Annex N), "0" off, "1"
on;

- Bit 12 Optional Independent Segment Decoding (ISD) mode (see Annex R), "0" off,
"1" on;
- Bit 13 Optional Alternative INTER VLC (AlV) mode (see Annex S), "0" off, "1" on;
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- Bit 14 Optional Modified Quantization (MQ) mode (see Annex T), "0" off, "1" on;
- Bit 15 Equal to "1" to prevent start code emulation;

- Bit 16 Reserved, shall be equal to "0";

- Bit 17 Reserved, shall be equal to "0";

- Bit 18 Reserved, shall be equal to "0".

5143 Themandatory part of PLUSPTY PE when PLUSPTY PE present (MPPTYPE)
(9 bits)

Regardless of the value of UFEP, the following 9 bits are also present in PLUSPTYPE:

- Bits 1-3 Picture Type Code:
"000" I-picture (INTRA),
"001" P-picture (INTER),
"010" Improved PB-frame (see Annex M),
"011" B-picture (see Annex O),
"100" El-picture (see Annex O),
"101" EP-picture (see Annex O),
"110" Reserved,
"111" Reserved;

- Bit 4 Optional Reference Picture Resampling (RPR) mode (see Annex P), "0" off, "1"
on;

- Bit 5 Optional Reduced-Resolution Update (RRU) mode (see Annex Q), "0" off, "1"
on;

- Bit 6 Rounding Type (RTYPE) (see 6.1.2);

- Bit 7 Reserved, shall be equal to "0";

- Bit 8 Reserved, shall be equal to "0";

Bit 9 Equal to "1" to prevent start code emulation.

The encoder should control the rounding type so that P-pictures, Improved PB-frames, and
EP-pictures have different values for bit 6 (Rounding Type for P-pictures) from their reference

pictures for motion compensation. Bit 6 can have an arbitrary value if the reference picture is an I- or
an El-picture. Bit 6 can be set to "1" only when bits 1-3 indicate a P-picture, Improved PB-frame, or
EP-picture. For other types of pictures, this bit shall always be set to "0".

5.14.4 Thesemantics of PLUSPTYPE

The mandatory part of PLUSPTYPE consists of features which are likely to be changed on a picture-

by-picture basis. Primarily, these are the bits that indicate the picture type among I, P, Improved PB,

B, El, and EP. (Note that the PB-frames mode of Annex G cannot be used with PLUSPTYPE present
— the Improved PB-frames mode of Annex M should be used instead.) However, they also include

indications for the use of the RPR and RRU modes, as these may change from picture to picture as
well.

Features that are likely to remain in use rather than being changed from one picture to another
(except in obvious ways as discussed in 5.1.4.5) have been placed in the optional part of
PLUSPTYPE. When UFEP is 000, the missing mode information is inferred from the type of picture
and from the mode information sent in a previous PLUSPTYPE with UFEP equal to 001.
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If PLUSPTY PE is present but UFEP is 000, then:

1) For a P-picture or Improved PB-frame (see Annex M), the pixel aspect ratio, picture width,
and picture height are unchanged from those of the reference picture.

2) For a temporal-scalability B-picture (see Annex O) in an enhancement layer, the Reference
Layer Number (RLNUM) is the same as the Enhancement Layer Number (ELNUM) if the
last picture sent in the enhancement layer was an El- or EP-picture. If the last picture sent in
the enhancement layer was a B-picture, the reference layer number is the same as the
reference layer number of the last B-picture. The pixel aspect ratio, picture width and picture
height are unchanged from those of the temporally subsequent reference layer picture.

Note that if temporally surrounding El- or EP-pictures exist in the same enhancement layer
as the B-picture, RLNUM (explicit or implied) shall always be equal to ELNUM. Note aso
that the pixel aspect ratio, picture width and picture height of a B-picture (explicit or
implied) shall always be equal to those of its temporally subsequent reference layer picture.

3) For a SNR/Spatial scalability EP-picture (see Annex O), the pixel aspect ratio, picture width
and picture height are unchanged from those of the temporally previous reference picture in
the same enhancement layer.

5145 Moderestrictionsfor certain picturetypesand modeinferencerules

Certain modes do not apply to certain types of pictures. Particularly, these restrictions apply:

1) The following modes do not apply within | (INTRA) pictures: Unrestricted Motion Vector
(see Annex D), Advanced Prediction (see Annex F), Alternative INTER VLC (see Annex S),
Reference Picture Resampling (see Annex P), and Reduced-Resolution Update
(see Annex Q).

2) The following modes do not apply within B-pictures (see Annex O): Syntax-based
Arithmetic Coding (see Annex E), Deblocking Filter (see Annex J), and Advanced
Prediction (see Annex F).

3) The following modes do not apply within El-pictures (see Annex O): Unrestricted Motion
Vector (see Annex D), Syntax-based Arithmetic Coding (see Annex E), Advanced
Prediction (see Annex F), Reference Picture Resampling (see Annex P), Reduced-Resolution
Update (see Annex Q), and Alternative INTER VLC (see Annex S).

4) The following modes do not apply within EP-pictures (see Annex O): Syntax-based
Arithmetic Coding (see Annex E) and Advanced Prediction (see Annex F).

One or more of the modes listed in the above four-item list may have a mode flag having a value "1"
in the optional part of PLUSPTY PE within a picture of atype that is prohibited for that mode (types
[, B, El, or EP). This condition is allowed and shall be interpreted subject to the mode inference rules
which follow in the next paragraph.

Mode states are subject to the following mode inference rules:

1) Once amode flag has been set to "1" in the optional part of PLUSPTY PE, the current picture
and each subsequent picture in the bitstream shall be assigned a state of "on" for that mode.

2) An inferred state of "off" shall be assigned to any mode which does not apply within a
picture having the current picture type code. However, each subsequent picture in the
bitstream shall have an inferred state of "on" for that mode (unless this too results in an
obvious conflict — which shall be resolved in the same way). In the case of layered scalable
bitstreams (see Annex O), the mode state shall be inferred only from within the same layer
of the bitstream.
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3) The inference of state shall continue until a picture in the same layer that either contains the
optional part of PLUSPTYPE or does not contain PLUSPTYPE at al is sent. If a new
picture containing the optional part of PLUSPTYPE is sent, the state sent in the new
message shall override the old state. If a picture is sent which does not contain PLUSPTY PE
(apicture in which bits 6-8 of PTYPE is not "111"), a state of "off" shall be assigned to all
modes not explicitly set to "on" in the PTYPE field, and al modes shall continue to have an
inferred state of "off" until a new picture containing the optional part of PLUSPTYPE is
sent.

4) Two modes do not require mode state inference, since the mode flags for these modes appear
in the mandatory part of PLUSPTY PE. These are the Reference Picture Resampling mode
(Annex P) and the Reduced-Resolution Update mode (Annex Q). The mode flag for either of
these modes shall not be set unless the current picture alows the use of the mode. For
example, the Reduced-Resolution Update mode bit shall not be set in an INTRA picture.

5146 Modeinteraction restrictions

Certain modes cannot be used in combination with certain other modes.

1) The Syntax-based Arithmetic Coding mode (see Annex E) shall not be used with the
Alternative INTER VLC mode (see Annex S) or the Modified Quantization mode
(see Annex T).

2) If PLUSPTY PE is present, the Unrestricted Motion Vector mode (see Annex D) shall not be
used with the Syntax-based Arithmetic Coding mode (see Annex E).

3) The Independent Segment Decoding mode (see Annex R) shall not be used with the
Reference Picture Resampling mode (see Annex P).

4) The Independent Segment Decoding mode (see Annex R) shall not be used with the Slice
Structured mode without the simultaneous use of the Rectangular Slice submode of the Slice
Structured mode (see Annex K).

5.1.4.7 Thepictureheader location of CPM (1 bit) and PSBI (2 bits)

The location of the CPM and PSBI fields in the picture header depends on whether or not
PLUSPTYPE is present (see 5.1.20 and 5.1.21). If PLUSPTYPE is present, then CPM follows
immediately after PLUSPTY PE in the picture header. If PLUSPTYPE is not present, then CPM
follows immediately after PQUANT in the picture header. PSBI aways follows immediately after
CPM (if CPM ="1").

515 Custom Picture Format (CPFMT) (23 bits)

A fixed length codeword of 23 bits that is present only if the use of a custom picture format is
signalled in PLUSPTY PE and UFEP is’ 001’ . When present, CPFMT consists of

- Bits 1-4  Pixel Aspect Ratio Code: A 4-bit index to the PAR value in Table 5. For
extended PAR, the exact pixel aspect ratio shall be specified in EPAR
(see 5.1.6);

- Bits 5-13 Picture Width Indication: Range [O, ..., 511]; Number of pixels per
line = (PWI + 1) * 4;

- Bit 14 Equal to "1" to prevent start code emulation;
- Bits 15-23 Picture Height Indication: Range [1, ..., 288]; Number of lines = PHI * 4.
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Table 5/H.263 — PAR code definition

PAR code Pixel aspect ratios
0000 Forbidden
0001 1:1 (Square)
0010 12:11 (CIF for 4:3 picture)
0011 10:11 (525-type for 4:3 picture)
0100 16:11 (CIF stretched for 16:9 picture)
0101 40:33 (525-type stretched for 16:9 picture)
0110-1110 Reserved
1111 Extended PAR

5.1.6 Extended Pixel Aspect Ratio (EPAR) (16 bits)

A fixed length codeword of 16 bits that is present only if CPFMT is present and extended PAR is
indicated therein. When present, EPAR consists of:

- Bits 1-8 PAR Width: "0" is forbidden. The natural binary representation of the PAR
width;

- Bits 9-16 PAR Height: "0" is forbidden. The natural binary representation of the PAR
height.

The PAR Width and PAR Height shall be relatively prime.

5.1.7 Custom Picture Clock Frequency Code (CPCFC) (8 bits)

A fixed length codeword of 8 bits that is present only if PLUSPTYPE is present and UFEP is 001
and a custom picture clock frequency is signalled in PLUSPTYPE. When present, CPCFC consists
of:

— Bit 1 Clock Conversion Code: "0" indicates a clock conversion factor of 1000 and "1"
indicates 1001;

- Bits 2-8  Clock Divisor: "0" is forbidden. The natural binary representation of the value
of the clock divisor.

The custom picture clock frequency is given by 1 800 000/(clock divisor * clock conversion
factor) Hz.

The temporal reference counter shall count in units of the inverse of the picture clock frequency, in
seconds. When the PCF changes from that specified for the previous picture, the temporal reference
for the current picture is measured in terms of the prior PCF, so that the new PCF takes effect only
for the temporal reference interpretation of future pictures.

5.1.8 Extended Temporal Reference (ETR) (2 bits)

A fixed length codeword of 2 bits which is present only if a custom picture clock frequency is in use
(regardless of the value of UFEP). It is the two MSBs of the 10-bit number defined in 5.1.2.
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5.1.9 Unlimited Unrestricted Motion VectorsIndicator (UUI) (Variablelength)

A variable length codeword of 1 or 2 bits that is present only if the optional Unrestricted Motion
Vector mode is indicated in PLUSPTY PE and UFEP is 001. When UUI is present it indicates the
effective limitation of the range of the motion vectors being used.

- UUI = "1" The motion vector range is limited according to Tables D.1 and D.2.
- UUI = "01" The motion vector range is not limited except by the picture size.

5.1.10 Slice Structured Submode bits (SSS) (2 bits)

A fixed length codeword of 2 bits which is present only if the optional Slice Structured mode

(see Annex K) is indicated in PLUSPTYPE and UFEP is 001. If the Slice Structured mode is in use
but UFEP is not 001, the last values sent for SSS shall remain in effect.

- Bit1 Rectangular Slices, "0" indicates free-running slices, "1" indicates rectangular slices;

- Bit2  Arbitrary Slice Ordering, "0" indicates sequential order, "1" indicates arbitrary order.

5.1.11 Enhancement Layer Number (ELNUM) (4 bits)

A fixed length codeword of 4 bits which is present only if the optional Temporal, SNR, and Spatial
Scalability mode is in use (regardless of the value of UFEP). The particular enhancement layer is
identified by an enhancement layer number, ELNUM. Picture correspondence between layers is
achieved via the temporal reference. Picture size is either indicated within each enhancement layer
using the existing source format fields or is inferred by the relationship to the reference layer. The
first enhancement layer above the base layer is designated as Enhancement Layer Number 2, and th
base layer has number 1.

5.1.12 ReferenceLayer Number (RLNUM) (4 bits)

A fixed length codeword of 4 bits which is present only if the optional Temporal, SNR, and Spatial
Scalability mode is in use (see Annex O) and UFEP is 001. The layer number for the pictures used as
reference anchors is identified by a Reference Layer Number (RLNUM). Time correspondence
between layers is achieved via the temporal reference.

Note that for B-pictures in an enhancement layer having temporally surrounding El- or EP-pictures
which are present in the same enhancement layer, RLNUM shall be equal to ELNUM (see Annex O).

5.1.13 Reference Picture Selection Mode Flags (RPSMF) (3 bits)

A fixed length codeword of 3 bits that is present only if the Reference Picture Selection mode is in
use and UFEP is 001. When present, RPSMF indicates which type of back-channel messages are
needed by the encoder. If the Reference Picture Selection mode is in use but RPSMF is not present,
the last value of RPSMF that was sent shall remain in effect.

- 100: neither ACK nor NACK signals needed;

- 101: need ACK signals to be returned;

- 110: need NACK signals to be returned;

- 111: need both ACK and NACK signals to be returned,;
- 000-011: Reserved.
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5.1.14 Temporal Referencefor Prediction Indication (TRPI) (1 bit)

A fixed length codeword of 1 bit that is present only if the optional Reference Picture Selection
mode is in use (regardless of the value of UFEP). When present, TRPI indicates the presence of the
following TRP field:

- 0: TRP field is not present;
- 1: TRP field is present.

TRPI shall be 0 whenever the picture header indicates an I- or El-picture.

5.1.15 Temporal Referencefor Prediction (TRP) (10 bits)

When present (as indicated in TRPI), TRP indicates the Temporal Reference which is used for
prediction of the encoding, except for in the case of B-pictures. For B-pictures, the picture having the
temporal reference TRP is used for the prediction in the forward direction. (Prediction in the reverse-
temporal direction always uses the immediately temporally subsequent picture.) TRP is a ten-bit
number. If a custom picture clock frequency was not in use for the reference picture, the two MSBs
of TRP are zero and the LSBs contain the eight-bit TR found in the picture header of the reference
picture. If a custom picture clock frequency was in use for the reference picture, TRP is a ten-bit
number consisting of the concatenation of ETR and TR from the reference picture header.

When TRP is not present, the most recent temporally previous anchor picture shall be used for
prediction, as when not in the Reference Picture Selection mode. TRP is valid until the next PSC,
GSC, or SSC.

5.1.16 Back-Channel message Indication (BCI) (Variable length)

A variable length field of one or two bits that is present only if the optional Reference Picture
Selection mode is in use. When set to "1", this signals the presence of the following optional video
Back-Channel Message (BCM) field. "01" indicates the absence or the end of the video back-channel
message field. Combinations of BCM and BCI may not be present, and may be repeated when
present. BCI shall be set to "01" if the videomux submode of the optional Reference Picture
Selection mode is not in use.

5.1.17 Back-Channel Message (BCM) (Variable length)

The Back-Channel message with syntax as specified in N.4.2, which is present only if the preceding
BCl field is present and is set to "1".

5.1.18 Reference Picture Resampling Parameters (RPRP) (Variable length)

A variable length field that is present only if the optional Reference Picture Resampling mode bit is
set in PLUSPTYPE. This field carries the parameters of the Reference Picture Resampling mode
(see Annex P). Note that the Reference Picture Resampling mode can also be invoked implicitly by
the occurrence of a picture header for an INTER coded picture having a picture size which differs
from that of the previous encoded picture, in which case the RPRP field is not present and the
Reference Picture Resampling mode bit is not set.

5.1.19 Quantizer Information (PQUANT) (5 bits)

A fixed length codeword of 5 bits which indicates the quantizer QUANT to be used for the picture
until updated by any subsequent GQUANT or DQUANT. The codewords are the natural binary
representations of the values of QUANT which, being half the step sizes, range from 1 to 31.
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5.1.20 Continuous Presence Multipoint and Video Multiplex (CPM) (1 bit)

A codeword of 1 bit that signals the use of the optional Continuous Presence Multipoint and Video
Multiplex mode (CPM); "0" is off, "1" is on. For the use of CPM, refer to Annex C. CPM follows
immediately after PLUSPTYPE if PLUSPTYPE is present, but follows PQUANT in the picture
header if PLUSPTY PE is not present.

5.1.21 Picture Sub-Bitstream Indicator (PSBI) (2 bits)

A fixed length codeword of 2 bits that is only present if Continuous Presence Multipoint and Video
Multiplex mode is indicated by CPM. The codewords are the natural binary representation of the
sub-bitstream number for the picture header and all following information until the next Picture or
GOB start code (see dso Annex C). PSBI follows immediately after CPM if CPM is "1"
(the location of CPM and PSBI in the picture header depend on whether PLUSPTY PE is present).

5.1.22 Temporal Referencefor B-picturesin PB-frames (TRg) (3/5 bits)

TRg is present if PTYPE or PLUSPTY PE indicates "PB-frame" or "Improved PB-frame" (see also
Annexes G and M) and indicates the number of non-transmitted or non-reference pictures
(at 29.97 Hz or the custom picture clock frequency indicated in CPCFC) since the last P- or I-picture
or P-part of a PB-or Improved PB-frame and before the B-picture part of the PB- or Improved
PB-frame. The codeword is the natural binary representation of the number of non-transmitted
pictures plus one. It is 3 bits long for standard CIF picture clock frequency and is extended to 5 bits
when a custom picture clock frequency is in use. The maximum number of non-transmitted pictures
is 6 for the standard CIF picture clock frequency and 30 when a custom picture clock frequency is
used.

5.1.23 Quantization information for B-picturesin PB-frames (DBQUANT) (2 bits)

DBQUANT is present if PTYPE or PLUSPTY PE indicates "PB-frame" or "Improved PB-frame"
(see dso Annexes G and M). In the decoding process a quantization parameter QUANT is obtained
for each macroblock. With PB-frames QUANT is used for the P-block, while for the B-block a
different quantization parameter BQUANT is used. QUANT ranges from 1 to 31. DBQUANT
indicates the relation between QUANT and BQUANT as defined in Table 6. In this table, "/" means
division by truncation. BQUANT ranges from 1 to 31, if the value for BQUANT resulting from
Table 6 is greater than 31, it is clipped to 31.

Table 6/H.263 — DBQUANT codes and relation
between QUANT and BQUANT

DBQUANT BQUANT
00 (5 x QUANT)/4
01 (6 x QUANT)/4
10 (7 x QUANT)/4
11 (8 x QUANT)/4

5.1.24 Extra Insertion Information (PEI) (1 bit)
A bit which when set to "1" signals the presence of the following optional datafield.

5.1.25 Supplemental Enhancement Information (PSUPP) (0/8/16 ... bits)

If PEl issetto"1", then 9 bitsfollow consisting of 8 bits of data (PSUPP) and then another PEI bit to
indicate if a further 9 bits follow and so on. Encoders shall use PSUPP as specified in Annex L.
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Decoders which do not support the extended capabilities described in Annex L shall be designed to
discard PSUPP if PEI is set to 1. This enables backward compatibility for the extended capabilities
of Annex L so that a bitstream which makes use of the extended capabilities can aso be used without
alteration by decoders which do not support those capabilities.

5.1.26 Stuffing (ESTUF) (Variablelength)

A codeword of variable length consisting of less than 8 zero-bits. Encoders may insert this codeword
directly before an EOS codeword. Encoders shall insert this codeword as necessary to attain
mandatory byte alignment directly before an EOSBS codeword. If ESTUF is present, the last bit of
ESTUF shall be the last (least significant) bit of a byte, so that the start of the EOS or EOSBS
codeword is byte aligned. Decoders shall be designed to discard ESTUF. See Annex C for a
description of EOSBS and its use.

5.1.27 End Of Sequence (EOS) (22 bits)

A codeword of 22 bits. Its value is 0000 0000 0000 0000 1 11111. It is up to the encoder to insert
this codeword or not. EOS may be byte aligned. This can be achieved by inserting ESTUF before the
EOS code such that the first bit of the EOS code is the first (most significant) bit of a byte. EOS shall
not be repeated unless at |east one picture start code appears between each pair of EOS codes.

5.1.28 Stuffing (PSTUF) (Variablelength)

A codeword of variable length consisting of less than 8 zero-bits. Encoders shall insert this codeword
for byte alignment of the next PSC. The last bit of PSTUF shall be the last (least significant) bit of a
byte, so that the video bitstream including PSTUF is a multiple of 8 bits from the first bit in the
H.263 bitstream. Decoders shall be designed to discard PSTUF.

If for some reason the encoder stops encoding pictures for a certain time-period and resumes
encoding later, PSTUF shall be transmitted before the encoder stops, to prevent that the last up to
7 bits of the previous picture are not sent until the coder resumes coding.

5.2 Group of Blocks Layer

Data for each Group of Blocks (GOB) consists of a GOB header followed by data for macroblocks.
The structure is shown in Figure 9. Each GOB contains one or more rows of macroblocks. For the
first GOB in each picture (with number 0), no GOB header shall be transmitted. For all other GOBs,
the GOB header may be empty, depending on the encoder strategy. A decoder can signal the remote
encoder to transmit only non-empty GOB headers by external means, for example Recommendation
H.245. GSTUF may be present when GBSC is present. GN, GFID and GQUANT are present when
GBSC is present. GSBI is present when CPM is"1" in the Picture header.

[ ostuF | eBsc | oN | esBi | GAD | GQUANT | Macroblock Data |

Figure 9/H.263 — Structure of GOB layer

5.2.1 Stuffing (GSTUF) (Variable length)

A codeword of variable length consisting of less than 8 zero-bits. Encoders may insert this codeword
directly before a GBSC codeword. If GSTUF is present, the last bit of GSTUF shall be the last
(least significant) bit of a byte, so that the start of the GBSC codeword is byte aligned. Decoders
shall be designed to discard GSTUF.

32 Recommendation H.263 (02/98)



5.2.2 Group of Block Start Code (GBSC) (17 bits)

A word of 17 bhits. Its value is 0000 0000 0000 0000 1. GOB start codes may be byte aligned. This
can be achieved by inserting GSTUF before the start code such that the first bit of the start code is
the first (most significant) bit of a byte.

5.2.3 Group Number (GN) (5 bits)

A fixed length codeword of 5 bits. The bits are the binary representation of the number of the Group
of Blocks. For the GOB with number O, the GOB header including GSTUF, GBSC, GN, GSBI,
GFID and GQUANT is empty; as group number O is used in the PSC. Group numbers 1 through 17
are used in GOB headers of the standard picture formats. Group numbers 1 through 24 are used in
GOB headers of custom picture formats. Group numbers 16 through 28 are emulated in the slice
header (see Annex K) when CPM ="0", and Group Numbers 25-27 and 29 are emulated in the slice
header (see Annex K) when CPM ="1". Group number 31 is used in the EOS code, and group
number 30 is used in the EOSBS code.

5.24 GOB Sub-Bitstream Indicator (GSBI) (2 bits)

A fixed length codeword of 2 bits that is only present if CPM is "1" in the picture header. The
codewords are the natural binary representation of the sub-bitstream number for the GOB header and
al following information until the next Picture or GOB start code (see a'so Annex C).

525 GOB FramelD (GFID) (2 bits)

A fixed length codeword of 2 bits. GFID shall have the same value in every GOB (or slice) header of
agiven picture. Moreover, if PTYPE asindicated in a picture header is the same as for the previous
transmitted picture, GFID shall have the same vaue as in that previous picture, provided
PLUSPTY PE is not present. However, if PTYPE in a certain picture header differs from the PTY PE
in the previous transmitted picture header, the value for GFID in that picture shal differ from the
value in the previous picture.

If PLUSPTY PE is present, the value of GFID shall be the same as that for the previous picture (in the
same layer) if the PTYPE, and PLUSPTYPE, and all of the present fields among CPFMT, EPAR,
CPCFC, SSS, ELNUM, RLNUM, UUI, RPSMF, and RPRP remain in effect as for the previous
picture; otherwise, GFID shall be different from that for the previous picture.

5.2.6 Quantizer Information (GQUANT) (5 bits)

A fixed length codeword of 5 bits which indicates the quantizer QUANT to be used for the
remaining part of the picture until updated by any subsequent GQUANT or DQUANT. The
codewords are the natural binary representations of the values of QUANT which, being half the step
sizes, range from 1 to 31.

53 Macroblock layer

Data for each macroblock consists of a macroblock header followed by data for blocks. The structure
Is shown in Figure 10. COD is only present in pictures that are not of type INTRA’, for each
macroblock in these pictures. MCBPC is present when indicated by COD or when the picture is of
type 'INTRA’. MODB is present for MB-type 0-4 if PTYPE indicates "PB-frame". CBPY,
DQUANT, MVD and MVD.4 are present when indicated by MCBPC. CBPB and MVDB are only
present if indicated by MODB. Block Data is present when indicated by MCBPC and CBPY.
MV D4 are only present when in Advanced Prediction mode (refer to Annex F) or Deblocking Filter
mode (refer to Annex J). MODB, CBPB and MVDB are only present in PB-frames mode (refer to
Annex G). For coding of the symbols in the Syntax-based Arithmetic Coding mode, refer to
Annex E. For coding of the macroblock layer in B-, El-, and EP-pictures, see Annex O.
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COD | MCBPC | MODB | CBPB | CBPY | DQUANT | MVD | MVD> | MVD3 | MVD4 | MVDB | Block Data

Figure 10/H.263 — Structure of macroblock layer

5.3.1 Coded macroblock indication (COD) (1 bit)

A bit which when set to "0" signals that the macroblock is coded. If set to "1", no further information
Is transmitted for this macroblock; in that case the decoder shall treat the macroblock as an INTER
macroblock with motion vector for the whole block equal to zero and with no coefficient data. COD
isonly present in pictures that are not of type "INTRA", for each macroblock in these pictures.

NOTE — In Advanced Prediction mode (see Annex F), overlapped block motion compensation is also
performed if COD is set to "1"; and in Deblocking Filter mode (see Annex J), the deblocking filter can also
affect the values of some pixels of macroblocks having COD is set to "1".

5.3.2 Macroblock type & Coded Block Pattern for Chrominance (MCBPC) (Variable length)

MCBPC is a variable length codeword giving information about the macroblock type and the coded
block pattern for chrominance. The codewords for MCBPC are given in Tables 7 and 8. MCBPC is
aways included in coded macroblocks.

Table 7/H.263 — VLC table for MCBPC (for I-pictures)

Index MB type CBPC Number Code
(56) of bits
0 3 00 1 1
1 3 01 3 001
2 3 10 3 010
3 3 11 3 011
4 4 00 4 0001
5 4 01 6 0000 01
6 4 10 6 0000 10
7 4 11 6 0000 11
8 Stuffing - 9 0000 0000 1
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Table 8/H.263 — VLC table for MCBPC (for P-pictures)

Index MB type CBPC Number Code
(56) of bits
0 0 00 1 1
1 0 01 4 0011
2 0 10 4 0010
3 0 11 6 0001 01
4 1 00 3 011
5 1 01 7 0000 111
6 1 10 7 0000 110
7 1 11 9 0000 0010 1
8 2 00 3 010
9 2 01 7 0000 101
10 2 10 7 0000 100
11 2 11 8 0000 0101
12 3 00 5 0001 1
13 3 01 8 0000 0100
14 3 10 8 0000 0011
15 3 11 7 0000 011
16 4 00 6 0001 00
17 4 01 9 0000 00100
18 4 10 9 0000 0001 1
19 4 11 9 0000 0001 0
20 Stuffing - 9 0000 0000 1
21 5 00 11 0000 0000 010
22 5 01 13 0000 0000 01100
23 5 10 13 0000 0000 0111 0
24 5 11 13 0000 0000 01111

An extra codeword is available in the tables for bit stuffing. This codeword should be discarded by
decoders. If an Improved PB-frame isindicated by MPPTY PE bits 1-3 and Custom Source Format is
indicated in OPPTY PE bits 1-3, then MBA shall not indicate stuffing before the first macroblock of
the picture (in order to prevent start code emulation).

The macroblock type gives information about the macroblock and which data elements are present.
Macroblock types and included elements are listed in Tables 9 and 10. Macroblock type 5 (indices
21-24 in Table 8) shall not be present unless an extended PTYPE (PLUSPTYPE) is present in the
picture header and either the Advanced Prediction mode (see Annex F) or the Deblocking Filter
mode (see Annex J) isin use, and shall not be present for the first macroblock of a picture. Also,
encoders shal not alow an MCBPC code for macroblock type 5 to immediately follow seven
consecutive zeros in the hitstream (as can be caused by particular INTRADC codes followed by
COD = 0), in order to prevent start code emulation. Codes for macroblock type 5 can be preceded by
stuffing when necessary to fulfill this requirement (for macroblocks other than the first of a picture).

Recommendation H.263 (02/98) 35



Table 9/H.263 — Macroblock types and included data elements for normal pictures

Picture MB type Name COD MCBPC CBPY DQUANT MVD MVDy.4
type
INTER Not coded - X
INTER 0 INTER X X X X
INTER 1 INTER+Q X X X X X
INTER 2 INTER4V X X X X X
INTER 3 INTRA X X X
INTER 4 INTRA+Q X X X X
INTER 5 INTER4V+Q X X X X X X
INTER Stuffing - X X
INTRA 3 INTRA X X
INTRA 4 INTRA+Q X X X
INTRA Stuffing - X
NOTE — "X" means that the item is present in the macroblock.

Table 10/H.263 — Macroblock types and included data elements for PB-frames

Picture | MB type Name COD | MCBPC | MOD | CBPY |CBP | DQUANT | MVD | MVDB | MVD,4
type B B

INTER | Not coded - X

INTER 0 INTER X X X X (X) X (X)

INTER 1 INTER+Q X X X X (X) X X (X)

INTER 2 INTER4V X X X X (X) X (X) X

INTER 3 INTRA X X X X (X) X (X)

INTER 4 INTRA+Q X X X X (X) X X (X)

INTER 5 INTER4V+Q | X X X X (X) X X (X) X

INTER | Stuffing - X X

NOTE 1 —"X" means that the item is present in the macroblock.

NOTE 2 — CBPB and MVDB are only present if indicated by MODB.

NOTE 3 — B-blocks are always coded in INTER mode, even if the macroblock type of the PB-macroblock indicates INTRA.

The coded block pattern for chrominance signifies Cg and/or Cr blocks when at least one
non-INTRADC transform coefficient is transmitted (INTRADC is the dc-coefficient for INTRA
blocks, see 5.4.1), unless the optional Advanced INTRA Coding mode isin use. CBPCy = 1 if any
non-INTRADC coefficient is present for block N, else 0, for CBPCs and CBPC; in the coded block
pattern. If Advanced INTRA Coding isin use, the usage is similar, but the INTRADC coefficient is
indicated in the same way as the other coefficients (see Annex 1). Block numbering is given in
Figure 5. When MCBPC = Stuffing, the remaining part of the macroblock layer is skipped. In this
case, the preceding COD = 0 is not related to any coded or not-coded macroblock and therefore the
macroblock number is not incremented. For P-pictures, multiple stuffings are accomplished by
multiple sets of COD = 0 and MCBPC = Stuffing. See Tables 7 and 8.
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5.3.3 Macroblock modefor B-blocks (MODB) (Variable length)

MODB is present for MB-type 0-4 if PTY PE indicates "PB-frame" and is a variable length codeword
indicating whether CBPB is present (indicates that B-coefficients are transmitted for this
macroblock) and/or MV DB is present. In Table 11 the codewords for MODB are defined. MODB is
coded differently for Improved PB-frames, as specified in Annex M.

Table 11/H.263 — VLC table for MODB

Index CBPB MVDB Number Code
of bits
0 1 0
1 X 2 10
2 X X 2 11
NOTE — "X" means that the item is present in the macroblpck.

534 Coded Block Pattern for B-blocks (CBPB) (6 bits)

CBPB is only present in PB-frames mode if indicated by MODB. CBPBy = 1 if any coefficient is
present for B-block N, else O, for each bit CBPBy in the coded block pattern. Block numbering is
givenin Figure 5, the utmost left bit of CBPB corresponding with block number 1.

5.3.5 Coded Block Pattern for luminance (CBPY) (Variable length)

Variable length codeword giving a pattern number signifying those Y blocks in the macroblock for
which at least one non-INTRADC transform coefficient is transmitted (INTRADC is the
dc-coefficient for INTRA blocks, see 5.4.1), unless the Advanced INTRA Coding mode isin use. If
Advanced INTRA Coding is in use, INTRADC is indicated in the same manner as the other
coefficients (see Annex 1).

CBPY\ = 1 if any non-INTRADC coefficient is present for block N, else O, for each bit CBPYy in
the coded block pattern. Block numbering is given in Figure 5, the utmost left bit of CBPY
corresponding with block number 1. For a certain pattern CBPY y, different codewords are used for
INTER and INTRA macroblocks as defined in Table 13.

5.3.6 Quantizer Information (DQUANT) (2 bits/VVariable L ength)

If the Modified Quantization mode is not in use, DQUANT is a two-bit code to define a change in
QUANT. In Table 12 the differential values for the different codewords are given. QUANT ranges
from 1 to 31; if the value for QUANT after adding the differential valueislessthan 1 or greater than
31, itisclipped to 1 and 31 respectively. If the Modified Quantization mode isin use, DQUANT isa
variable length codeword as specified in Annex T.

Table 12/H.263 — DQUANT codes and differential values for QUANT

I ndex Differential value DQUANT
0 -1 00
1 -2 01
2 1 10
3 11

Recommendation H.263 (02/98) 37



Table 13/H.263 — VLC table for CBPY

Index | CBPY(INTRA) | CBPY(INTER) | Number of Code

(12, (12, bits
34) 34)

0 00 11 4 0011
00 11

1 00 11 5 0010 1
01 10

2 00 11 5 0010 0
10 01

3 00 11 4 1001
11 00

4 01 10 5 0001 1
00 11

5 01 10 4 0111
01 10

6 01 10 6 0000 10
10 01

7 01 10 4 1011
11 00

8 10 01 5 0001 0
00 11

9 10 01 6 0000 11
01 10

10 10 01 4 0101
10 01

11 10 01 4 1010
11 00

12 11 00 4 0100
00 11

13 11 00 4 1000
01 10

14 11 00 4 0110
10 01

15 11 00 2 11
11 00

5.3.7 Motion Vector Data (MVD) (Variable length)

MVD isincluded for all INTER macroblocks (in PB-frames mode also for INTRA macroblocks) and
consists of a variable length codeword for the horizontal component followed by a variable length
codeword for the vertical component. Variable length codes are given in Table 14. If the Unrestricted
Motion Vector mode is used and PLUSPTY PE is present, motion vectors are coded using Table D.3
instead of Table 14 (see Annex D).

38 Recommendation H.263 (02/98)



Table 14/H.263 — VLC table for MVD

Index Vector | Differences | Bit number Codes
0 -16 16 13 0000 0000 0010 1
1 -15.5 16.5 13 0000 0000 0011 1
2 -15 17 12 0000 0000 0101
3 -14.5 175 12 0000 0000 0111
4 -14 18 12 0000 0000 1001
5 -13.5 185 12 0000 0000 1011
6 -13 19 12 0000 0000 1101
7 -12.5 195 12 0000 0000 1111
8 -12 20 11 0000 0001 001
9 -11.5 20.5 11 0000 0001 011
10 -11 21 11 0000 0001 101
11 -10.5 215 11 0000 0001 111
12 -10 22 11 0000 0010 001
13 -95 225 11 0000 0010 011
14 -9 23 11 0000 0010 101
15 -85 235 11 0000 0010 111
16 -8 24 11 0000 0011 001
17 -75 245 11 0000 0011 011
18 -7 25 11 0000 0011 101
19 -6.5 255 11 0000 0011 111

20 -6 26 11 0000 0100 001
21 -55 26.5 11 0000 0100 011
22 -5 27 10 0000 0100 11
23 -4.5 275 10 0000 0101 01
24 -4 28 10 0000 0101 11
25 -35 285 8 0000 0111

26 -3 29 8 0000 1001

27 -25 295 8 0000 1011

28 -2 30 7 0000 111

29 -15 30.5 5 0001 1

30 -1 31 4 0011

31 -0.5 315 3 011

32 0 1 1

33 0.5 -315 3 010

34 1 -31 4 0010

35 15 -30.5 5 00010

36 2 -30 7 0000 110

37 2.5 -29.5 8 0000 1010

38 3 -29 8 0000 1000

39 35 -28.5 8 0000 0110

40 4 -28 10 0000 0101 10
41 45 -27.5 10 0000 0101 00
42 5 -27 10 0000 0100 10
43 5.5 -26.5 11 0000 0100 010
44 6 -26 11 0000 0100 000
45 6.5 -25.5 11 0000 0011 110
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Table 14/H.263 — VLC table for MVD (concluded)

Index Vector | Differences| Bit number Codes
46 7 -25 11 0000 0011 100
47 75 -24.5 11 0000 0011 010
48 8 -24 11 0000 0011 000
49 8.5 -23.5 11 0000 0010 110
50 9 -23 11 0000 0010 100
51 9.5 -22.5 11 0000 0010 010
52 10 -22 11 0000 0010 000
53 105 -215 11 0000 0001 110
54 11 -21 11 0000 0001 100
55 115 -20.5 11 0000 0001 010
56 12 -20 11 0000 0001 000
57 125 -19.5 12 0000 0000 1110
58 13 -19 12 0000 0000 1100
59 135 -18.5 12 0000 0000 1010
60 14 -18 12 0000 0000 1000
61 145 -17.5 12 0000 0000 0110
62 15 -17 12 0000 0000 0100
63 155 -16.5 13 0000 000000110

5.3.8 Motion Vector Data (MVD,.4) (Variable length)

The three codewords MV D,.4 are included if indicated by PTY PE and by MCBPC, and consist each
of avariable length codeword for the horizontal component followed by a variable length codeword
for the vertical component of each vector. Variable length codes are given in Table 14. MVD,.4 are
only present when in Advanced Prediction mode (see Annex F) or Deblocking Filter mode
(see Annex J).

5.3.9 Motion Vector Data for B-macroblock (MVDB) (Variable length)

MVDB is only present in PB-frames or Improved PB-frames mode if indicated by MODB, and
consists of a variable length codeword for the horizontal component followed by a variable length
codeword for the vertical component of each vector. Variable length codes are given in Table 14. For
the use of MV DB, refer to Annexes G and M.

5.4 Block layer

If not in PB-frames mode, a macroblock comprises four luminance blocks and one of each of the two
colour difference blocks (see Figure 5). The structure of the block layer is shown in Figure 11.
INTRADC is present for every block of the macroblock if MCBPC indicates macroblock type 3 or 4
(see Tables 7 and 8). TCOEF is present if indicated by MCBPC or CBPY..

In PB-frames mode, a macroblock comprises twelve blocks. First the data for the six P-blocks is
transmitted asin the default H.263 mode, then the data for the six B-blocks. INTRADC is present for
every P-block of the macroblock if MCBPC indicates macroblock type 3 or 4 (see Tables 7 and 8).
INTRADC is not present for B-blocks. TCOEF is present for P-blocks if indicated by MCBPC or
CBPY. TCOEF is present for B-blocks if indicated by CBPB.

For coding of the symbolsin the Syntax-based Arithmetic Coding mode, refer to Annex E.
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INTRADC

TCOEF |

Figure 11/H.263 — Structure of block layer

5.4.1 DC coefficient for INTRA blocks (INTRADC) (8 bits)

A codeword of 8 bits. The code 0000 0000 is not used. The code 1000 0000 is not used, the
reconstruction level of 1024 being coded as 1111 1111 (see Table 15).

Table 15/H.263 — Reconstruction levels for INTRA-mode DC coefficient

Index FLC Reconstruction level
into inversetransform

0000 0001 (1) 8
0000 0010 (2) 16
0000 0011 (3) 24

126 01111111 (127) 1016

127 11111111 (255) 1024

128 1000 0001 (129) 1032

252 11111101 (253) 2024

253 11111110 (254) 2032

5.4.2 Transform Coefficient (TCOEF) (Variable length)

The most commonly occurring EVENTS are coded with the variable length codes given in Table 16.
Thelast bit "s" denotes the sign of the level, "0" for positive and "1" for negative.

An EVENT is a combination of a last non-zero coefficient indication (LAST; "0": there are more
non-zero coefficientsin thisblock, "1": thisis the last non-zero coefficient in this block), the number
of successive zeros preceding the coded coefficient (RUN), and the non-zero value of the coded

coefficient (LEVEL).

The remaining combinations of (LAST, RUN, LEVEL) are coded with a 22-bit word consisting of
7 bits ESCAPE, 1 bit LAST, 6 bits RUN and 8 bits LEVEL. Use of this 22-bit word for encoding the
combinations listed in Table 16 is not prohibited. For the 8-bit word for LEVEL, the code 0000 0000
is forbidden, and the code 1000 0000 is forbidden unless the Modified Quantization mode is in use
(see Annex T). The codes for RUN and for LEVEL are givenin Table 17.
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Table 16/H.263 — VLC table for TCOEF

INDEX LAST RUN ILEVEL| BITS VLC CODE
0 0 0 1 3 10s
1 0 0 2 5 1111s
2 0 0 3 7 0101 O1s
3 0 0 4 8 0010 111s
4 0 0 5 9 0001 1111s
5 0 0 6 10 0001 0010 1s
6 0 0 7 10 0001 0010 Os
7 0 0 8 11 0000 1000 01s
8 0 0 9 11 0000 1000 00s
9 0 0 10 12 0000 0000 111s
10 0 0 11 12 0000 0000 110s
11 0 0 12 12 0000 0100 000s
12 0 1 1 4 110s
13 0 1 2 7 0101 00s
14 0 1 3 9 0001 1110s
15 0 1 4 11 0000 0011 11s
16 0 1 5 12 0000 0100 001s
17 0 1 6 13 0000 0101 0000s
18 0 2 1 5 1110s
19 0 2 2 9 0001 1101s
20 0 2 3 11 0000 0011 10s
21 0 2 4 13 0000 0101 0001s
22 0 3 1 6 01101s
23 0 3 2 10 0001 0001 1s
24 0 3 3 11 0000 0011 01s
25 0 4 1 6 01100s
26 0 4 2 10 0001 0001 Os
27 0 4 3 13 0000 0101 0010s
28 0 5 1 6 0101 1s
29 0 5 2 11 0000 0011 00s
30 0 5 3 13 0000 0101 0011s
31 0 6 1 7 0100 11s
32 0 6 2 11 0000 0010 11s
33 0 6 3 13 0000 0101 0100s
34 0 7 1 7 0100 10s
35 0 7 2 11 0000 0010 10s
36 0 8 1 7 0100 O1s
37 0 8 2 11 0000 0010 01s
38 0 9 1 7 0100 00s
39 0 9 2 11 0000 0010 00s
40 0 10 1 8 0010 110s
41 0 10 2 13 0000 0101 0101s
42 0 11 1 8 0010 101s
43 0 12 1 8 0010 100s
44 0 13 1 9 0001 1100s
45 0 14 1 9 0001 1011s
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Table 16/H.263 — VLC table for TCOEF(continued)

INDEX LAST RUN ILEVEL| BITS VLC CODE
46 0 15 1 10 0001 0000 1s
47 0 16 1 10 0001 0000 Os
48 0 17 1 10 00001111 1s
49 0 18 1 10 0000 1111 0s
50 0 19 1 10 0000 1110 1s
51 0 20 1 10 0000 1110 0s
52 0 21 1 10 00001101 1s
53 0 22 1 10 0000 1101 Os
54 0 23 1 12 0000 0100 010s
55 0 24 1 12 0000 0100 011s
56 0 25 1 13 0000 0101 0110s
57 0 26 1 13 0000 0101 0111s
58 1 0 1 5 0111s
59 1 0 2 10 0000 1100 1s
60 1 0 3 12 0000 0000 101s
61 1 1 1 7 0011 11s
62 1 1 2 12 0000 0000 100s
63 1 2 1 7 0011 10s
64 1 3 1 7 0011 O01s
65 1 4 1 7 0011 00s
66 1 5 1 8 0010 011s
67 1 6 1 8 0010 010s
68 1 7 1 8 0010 001s
69 1 8 1 8 0010 000s
70 1 9 1 9 0001 1010s
71 1 10 1 9 0001 1001s
72 1 11 1 9 0001 1000s
73 1 12 1 9 0001 0111s
74 1 13 1 9 0001 0110s
75 1 14 1 9 0001 0101s
76 1 15 1 9 0001 0100s
77 1 16 1 9 0001 0011s
78 1 17 1 10 0000 1100 0s
79 1 18 1 10 00001011 1s
80 1 19 1 10 0000 1011 Os
81 1 20 1 10 0000 1010 1s
82 1 21 1 10 0000 1010 0s
83 1 22 1 10 0000 1001 1s
84 1 23 1 10 0000 1001 Os
85 1 24 1 10 0000 1000 1s
86 1 25 1 11 0000 0001 11s
87 1 26 1 11 0000 0001 10s
88 1 27 1 11 0000 0001 01s
89 1 28 1 11 0000 0001 00s
90 1 29 1 12 0000 0100 100s
91 1 30 1 12 0000 0100 101s
92 1 31 1 12 0000 0100 110s
93 1 32 1 12 0000 0100 111s
94 1 33 1 13 0000 0101 1000s
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Table 16/H.263 — VLC table for TCOEF(concluded)

INDEX LAST RUN ILEVEL| BITS VLC CODE
95 1 34 1 13 0000 0101 1001s
96 1 35 1 13 0000 0101 1010s
97 1 36 1 13 0000 0101 1011s
98 1 37 1 13 0000 0101 1100s
99 1 38 1 13 0000 0101 1101s
100 1 39 1 13 0000 0101 1110s
101 1 40 1 13 0000 0101 1111s
102 ESCAPE 7 0000 011

Table 17/H.263 — FLC table for RUNS and LEVELS

Index | Run Code Index | Level Code

0 0 000 000 - -128 see text

1 1 000 001 0 =127 1000 0001

2 2 000 010 . . .
125 -2 1111 1110

. . . 126 -1 11111111

63 63 111111 — 0 FORBIDDEN
127 1 0000 0001
128 2 0000 0010
253 127 01111111

6 Decoding process

6.1 Motion compensation

In this subclause, the motion compensation for the default H.263 prediction mode is described. For a
description of motion compensation in the Unrestricted Motion Vector mode, refer to Annex D. For
a description of motion compensation in the Advanced Prediction mode, refer to Annex F. For a
description of motion compensation in the Reduced-Resolution Update mode refer to Annex Q.

6.1.1 Differential motion vectors

The macroblock vector is obtained by adding predictors to the vector differences indicated by MVD
(see Table 14 and Table D.3). For differential coding with four vectors per macroblock, refer to
Annex F. In case of one vector per macroblock, the candidate predictors for the differential coding
are taken from three surrounding macroblocks as indicated in Figure 12. The predictors are
calculated separately for the horizontal and vertical components.

In the specia cases at the borders of the current GOB, dlice, or picture, the following decision rules
are applied in increasing order:

1) When the corresponding macroblock was coded in INTRA mode (if not in PB-frames mode
with bidirectional prediction) or was not coded (COD = 1), the candidate predictor is set to
zero.
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2) The candidate predictor MV 1 is set to zero if the corresponding macroblock is outside the
picture or the dice (at the |eft side).

3) Then, the candidate predictors MV2 and MV3 are set to MV1 if the corresponding
macroblocks are outside the picture (at the top) or outside the GOB (at the top) if the GOB
header of the current GOB is non-empty; or outside the slice when in Slice Structured mode.

4) Then, the candidate predictor MV 3 is set to zero if the corresponding macroblock is outside
the picture (at the right side).

For each component, the predictor is the median value of the three candidate predictors for this
component.

MV2|MV3
MV1| MV
[ [
I I
MV2| MV3 MV1 MV1 MV2 (0,0)
(0,0) | MV MV1| MV MVl MV

! ! T1602810-97

———————— Picture or GOB border
MV Current motion vector
MV1  Previous motion vector
MV2  Above motion vector
MV3  Above right motion vector

Figure 12/H.263 — Motion vector prediction

Advantage is taken of the fact that the range of motion vector component values is constrained. Each
VLC word for MVD represents a pair of difference values. Only one of the pair will yield a
macroblock vector component falling within the permitted range [-16, 15.5]. A positive value of the
horizontal or vertical component of the motion vector signifies that the prediction is formed from
pixels in the previous picture which are spatially to the right or below the pixels being predicted. If
the unrestricted motion vector mode (see Annex D) is used, the decoding of motion vectors shall be
performed as specified in D.2.

The motion vector is used for al pixels in al four luminance blocks in the macroblock. Mation
vectors for both chrominance blocks are derived by dividing the component values of the
macroblock vector by two, due to the lower chrominance format. The component values of the
resulting quarter pixel resolution vectors are modified towards the nearest half pixel position as
indicated in Table 18.

Table 18/H.263 — Modification of quarter-pixel
resolution chrominance vector components

Quarter-pixel position 0 1/4 12 3/4
Resulting position 0 1/2 12 12
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6.1.2 Interpolation for subpixel prediction

Half pixel values are found using bilinear interpolation as described in Figure 13. "/" indicates
division by truncation.

The value of RCONTROL is equal to the value of the rounding type (RTYPE) bit (bit 6) in
MPPTY PE (see 5.1.4.3), when the Source Format field (bits 6-8) in PTYPE indicates "extended
PTYPE". Otherwise RCONTROL has an implied value of 0. Regardless of the RTY PE bit, the value
of RCONTROL is set to 0 for the B-part of Improved PB frames (see Annex M).

A B
X O X
a b
O O
c d
X X
c D

T1602820-97
X Integer pixel position
O Half pixel position
a=A
b=(A+B+1-RCONTROL)/2

c=(A+C+1-RCONTROL)/2
d=(A+B+C+D+2-RCONTROL)/ 4

Figure 13/H.263 — Half-pixel prediction by bilinear interpolation

6.2 Coefficients decoding

6.2.1 Inverse quantization

The inverse quantization process is described in this subclause, except for when the optional
Advanced INTRA Coding mode is in use (see Annex I). If LEVEL = "0", the reconstruction level
REC ="0". The reconstruction level of INTRADC is given by Table 15. The reconstruction levels of
all non-zero coefficients other than the INTRADC one are given by the following formulas:

|IREC| = QUANT - (2 - |LEVEL]| + 1) if QUANT = "odd"
IREC| = QUANT - (2 - |LEVEL| + D1  if QUANT = "even"

Note that this process disallows even valued numbers. This has been found to prevent accumulation
of IDCT mismatch errors. After calculation of |REC|, the sign is added to obtain REC:
REC = sign(LEVEL) - |REC|

Sign(LEVEL) is given by the last bit of the TCOEF code (see Table 16) or by Table 17.

6.2.2 Clipping of reconstruction levels

After inverse quantization, the reconstruction levels of all coefficients other than the INTRADC one
are clipped to the rang048 to 2047.

46 Recommendation H.263 (02/98)



6.2.3 Zigzag positioning

The quantized transform coefficients are placed into an 8 x 8 block according to the sequence given
in Figure 14, unless the optional Advanced INTRA Coding mode isin use (see Annex 1). Coefficient
1 isthe dc-coefficient.

1 2 6 7 15 16 28 29

14 17 27 30 43

4 9 13 18 26 31 42 44

10 12 19 25 32 41 45 54
11 20 24 33 40 46 53 55
21 23 34 39 47 52 56 61
22 35 38 48 51 57 60 62
36 37 49 50 58 59 63 64

Figure 14/H.263 — Zigzag positioning of quantized
transform coefficients

6.2.4 Inverse transform

After inverse quantization and zigzag of coefficients, the resulting 8 x 8 blocks are processed by a
separable two-dimensional inverse discrete cosine transform of size 8 by 8. The output from the
inverse transform ranges from —256 to +255 after clipping to be represented with 9 bits. The transfer
function of the inverse transform is given by:

f(xy)= %UZO VZOC(U)C(V)F (u,v)cos%r(Zx + 1)1—U6Ecos§'[(2y + 1)%5

withu,v,x,y=0,1,2, ..., 7

where:
X,y =  gpatia coordinatesin the pixel domain,
u,v =  coordinatesin the transform domain;
C(u) = 1/+4/2 foru=0, otherwise 1;
C(v) = 1/+/2 forv=0, otherwise 1.

NOTE — Within the block being transformeds 0 andy = 0 refer to the pixel nearest the left and top edges
of the picture respectively.

The arithmetic procedures for computing the inverse transform are not defined, but should meet the
error tolerance specified in Annex A.

6.3 Reconstruction of blocks

6.3.1 Summation

After motion compensation and coefficients decoding (inverse transform included), a reconstruction
is formed for each luminance and chrominance block. For INTRA blocks, the reconstruction is equal
to the result of the inverse transformation. For INTER blocks, the reconstruction is formed by
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summing the prediction and the result of the inverse transformation. The summation is performed on
apixel basis. For the summation in the Reduced-Resolution Update mode, refer to Annex Q.

6.3.2 Clipping

To prevent quantization distortion of transform coefficient amplitudes causing arithmetic overflow in
the encoder and decoder loops, clipping functions are inserted. The clipper operates after the
summation of prediction and reconstructed prediction error on resulting pixel values less than O or
greater than 255, changing them to 0 and 255 respectively.

ANNEX A
I nver se transform accuracy specification
A.1  Generate random integer pixel data values in the range —-L to +H according to the random

number generator given below ("C" version). Arrange into 8 by 8 blocks. Data set of 10 000 blocks
should each be generated for (L = 256, H = 255), (L =H =5) and (L = H = 300).

A.2 For each 8 by 8 block, perform a separable, orthonormal, matrix multiply, forward discrete
cosine transform using at least 64-bit floating point accuracy.

F(uv)= —C(U)C(v)z Z f(x,y cosgr(Zx + 1) gosgr(zy +1 16

x=0 y=0
withu,v,x,y=0,1,2, ..., 7
where:
X,y =  spatia coordinatesin the pixel domain;
u,v =  coordinatesin the transform domain;
C(u) = 1/+4/2 foru=0, otherwise 1;
C(v) = 1/4/2 forv=0, otherwise 1.

A3 For each block, round the 64 resulting transformed coefficients to the nearest integer values.
Then clip them to the range —2048 to +2047. Thisisthe 12-bit input data to the inverse transform.

A4 For each 8 by 8 block of 12-bit data produced by A.3, perform a separable, orthonormal,
matrix multiply, inverse discrete cosine transform (IDCT) using at least 64-bit floating point
accuracy. Round the resulting pixels to the nearest integer and clip to the range —256 to +255. These
blocks of 8 x 8 pixels are the reference IDCT output data.

A.5 For each 8 by 8 block produced by A.3, apply the IDCT under test and clip the output to the
range —256 to +255. These blocks of 8 x 8 pixels are the test IDCT output data.

A.6 For each of the 64 IDCT output pixels, and for each of the 10 000 block data sets generated
above, measure the peak, mean and mean square error between the reference and the test data.

A.7 + For any pixel, the peak error should not exceed 1 in magnitude.
* For any pixel, the mean square error should not exceed 0.06.
* Overall, the mean square error should not exceed 0.02.
* For any pixel, the mean error should not exceed 0.015 in magnitude.
» Overall, the mean error should not exceed 0.0015 in magnitude.

A.8  All zeros in shall produce all zeros out.
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A9 Re-run the measurements using exactly the same data values of A.1, but change the sign on
each pixel.

"C" program for random number generation
/* L and H shall be long, that is 32 bits */
long rand (L, H

| ong L, H;
{
static long randx = 1; /* long is 32 bits */
static double z = (double) Ox7fffffff;
long i, j;
doubl e X; /* double is 64 bits */

randx = (randx * 1103515245) + 12345;

i = randx & Ox7ffffffe; /* keep 30 bits */
x = ( (double)i ) / z; /* range 0 to 0.99999 ... */
X *= (L+H+1); /* range 0 to < L+H+1 */
i = x; /* truncate to integer */
return(j —L); /*range —-L to H *
}
ANNEX B

Hypothetical Refer ence Decoder

The Hypothetical Reference Decoder (HRD) is defined as follows:

B.1 The HRD and the encoder have the same clock frequency as well as the same picture clock
frequency, and are operated synchronously.

B.2 The HRD receiving buffer sizeis (B + BPPmaxKb * 1024 bits) where (BPPmaxKb * 1024)
is the maximum number of bits per picture that has been negotiated for use in the bitstream (see 3.6).
The value of B is defined as follows:

B =4 Ry /PCF

where PCF is the effective picture clock frequency, and Ry IS the maximum video bit rate during
the connection in bits per second. The effective picture clock frequency is the standard CIF picture
clock frequency unless a custom PCF is specified in the CPCFC field of the picture header. This
value for B is a minimum. An encoder may use a larger value for B, provided the larger number is
first negotiated by external means, for example Recommendation H.245.

The value for Rna depends on the system configuration (for example GSTN or ISDN, single or
multi-link) and may be equal to the maximum bit rate supported by the physical link. Negotiation of
Rmax is done by external means (for example, Recommendation H.245).

B.3 The HRD isinitially empty.

B.4  The HRD huffer is examined at picture clock intervals (1000/PCF ms). If at least one
complete coded picture is in the buffer, then al the data for the earliest picture in bitstream order is
instantaneously removed (e.g. a t,.1 in Figure B.1). Immediately after removing the above data the
buffer occupancy must be less than B. This is a requirement on the coder output bitstream including
coded picture data and MCBPC and STUF stuffing but not error correction framing bits, fill indicator
(Fi), fill bits or error correction parity information described in Annex H.

For the purposes of this definition, unless the optional Temporal, SNR, and Spatial Scalability mode
is in use, a complete coded picture is one normal |- or P-picture, or a PB-frame or Improved
PB-frame.
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When the Temporal, SNR, and Spatial Scalability mode isin use (see Annex O), each enhancement
layer is given an additional HRD, for which a complete coded picture is one El-, EP-, or B-picture.
The base layer buffer shall hold the bits of the picture header as they arrive, until a sufficient amount
of the picture header has arrived to determine whether the picture is a base layer or enhancement
layer picture, and the number of the enhancement layer. When it can be determined that the arriving
picture belongs to an enhancement layer, all bits for that picture shall be instantly transferred to the
appropriate enhancement layer HRD, and any later bits which arrive continue to be placed into the
enhancement layer HRD until a sufficient amount of some new picture header has arrived to
determine that the bitstream should again be re-routed into another HRD buffer. The process of
enhancement layer identification is instantaneous and asynchronous, independent of the picture clock
interval checking times.

To meet this requirement the number of bits for the (n+1)th coded picture d,.; must satisfy:

thea

dy2b,+ J’R(t)dt -B
tI"I

where:
b, isthebuffer occupancy just after timet,,
t, isthetimethe nth coded picture is removed from the HRD buffer;
R(t) isthe video bit rate at timet.

HRD buffer
occupancy
(bit) the1

JR)dt 3
ty

dr1+1
ol % -
,,,,, )
/ br1+1 Ti
S " » me
(CIF interval)
tn ther T1602830-97

NOTE — Time t,;4—t,) is an integer number of CIF picture periods (1/29.97, 2/29.97, 3/29.97,...).

Figure B.1/H.263 — HRD buffer occupancy
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ANNEX C

Considerations for multipoint
The following facilities are provided to support switched multipoint operation.

Cl Freeze picture request

Causes the decoder to freeze its displayed picture until a freeze picture release signal is received or a
time-out period of at least six seconds has expired. The transmission of this signal is by external
means (for example, Recommendation H.245). Note that a similar command may also be sent using
supplemental enhancement information within the picture header of the video bitstream (see L.4).

C.2 Fast update request

Causes the encoder to encode its next picture in INTRA mode with coding parameters such as to
avoid buffer overflow. The transmission method for this signal is by external means (for example
Recommendation H.245).

C.3 Freeze picturerelease

A signa from an encoder which has responded to a fast update request and allows a decoder to exit
from its freeze picture mode and display decoded pictures in the norma manner. This signal is
transmitted by PTY PE (see 5.1.3) in the picture header of the first picture coded in response to the
fast update request.

C.4  Continuous Presence Multipoint and Video Multiplexing (CPM)
NOTE — Not used for Recommendation H.324.

In this Recommendation a negotiable Continuous Presence Multipoint and Video Multiplexing mode
Is provided in which up to four independent H.263 bitstreams can be multiplexed as independent
"Sub-Bitstreams" in one new video bitstream with use of the PSBI, GSBI, SSBI, and ESBI fields.
Capability exchange for this mode is done by external means (for example Recommendation H.242).
Reference Picture Selection back-channel data for responding to independent Sub-Bitstreams is
supported using the BCPM and BSBI fields.

When in CPM mode, the CPM field shall be set to "1" in each of the independent H.263 Sub-
Bitstreams. Sub-Bitstreams are identified by a stream identifier number using the Sub-Bitstream
Indicators (SBIs) in the Picture and GOB or slice and EOSBS headers of each H.263 bitstream. The
SBI indicates the number of the H.263 bitstream to which that header and all following information
until the next Picture or GOB header or slice header in the composed video bitstream belongs.

Each Sub-Bitstream is considered as a normal H.263 bitstream and shall therefore comply with the
capabilities that are exchanged by external means. The information for the different H.263 bitstreams
Is not transmitted in any special predefined order, an SBI can have any value independent from
preceding SBIs and the picture rates for the different H.263 bitstreams may be different. The
information in each individual bitstream is also completely independent from the information in the
other bitstreams. For example, the GFID codewords in one Sub-Bitstream are not influenced by
GFID or PTY PE codewords in other Sub-Bitstreams. Similarly, the mode state inference rules when
using an extended picture type (PLUSPTY PE) in the picture header and all other aspects of the video
bitstream operation shall operate independently and separately for each Sub-Bitstream.

As amatter of convention, the Sub-Bitstream with the lowest Sub-Bitstream identifier number (sent
in SBI) is considered to have the highest priority in situations in which some conflict of resource
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reguirements may necessitate a choice of priority (unless a different priority convention is established
by external means).

In order to mark the end of each Sub-Bitstream of the CPM mode, a syntax is provided as shown in
Figure C.1, provided the ability to send this added syntax is first negotiated by external means (while
CPM operation was defined in Version 1 of this Recommendation, the end of Sub-Bitstream syntax
was added in Version 2 and thus is not considered a part of Version 1 CPM operation). The end of
Sub-Bitstream syntax (ESTUF + EOSBS + ESBI) marks the end of each Sub-Bitstream, rather than
the end of the entire stream as done by an EOS code.

NOTE — No ability to negotiate CPM Sub-Bitstream operation as defined herein for Recommendation H.263
was adopted into any ITU-T Recommendations for terminals (such as Recommendation H.324) prior to the
creation of Version 2 of this Recommendation. Thus any external negotiation of CPM operation adopted into
a future H-Series terminal Recommendation shall imply support for the end of Sub-Bitstream syntax unless
otherwise specified in the H-Series terminal Recommendation.

There are three parts to the end of Sub-Bitstream syntax. Following mandatory byte alignment using
ESTUF, an EOSBS codeword of 23 hits is sent (corresponding to a GOB header with GN = 30,
which is otherwise unused in the syntax, followed by a single zero-valued bit which is reserved for
future use). The EOSBS codeword is then followed by a two-bit ESBI codeword indicating which
Sub-Bitstream is affected. This pair of codewords signifies that the sending of data for the associated
Sub-Bitstream has ended and that any subsequent data sent for the same Sub-Bitstream shall be
entirely independent from that which came before the EOSBS. In particular, the next picture for the
Sub-Bitstream after the EOSBS code shall not be an INTER picture or any other picture type which
can use forward temporal prediction (an I- or El-picture is allowed, but a P-picture, PB-frame,
Improved PB-frame, B-picture, or EP-picture is not).

The syntax of EOSBS and ESBI is described in the following subclauses. ESTUF is described in
5.1.26.

| ESTUF | EOSBS | ESBI |

Figure C.1/H.263 — Syntax diagram for End of Sub-Bitstream Indicators

C.4.1 End Of Sub-Bitstream code (EOSBS) (23 hits)

The EOSBS code is a codeword of 23 bits. Its value is 0000 0000 0000 0000 1 11110 0. It isup to
the encoder whether to insert this codeword or not. EOSBS should not be sent unless at least one
picture header has previously been sent for the same Sub-Bitstream indicated in the following ESBI
field, and shall not be sent unless the capability to send EOSBS has been negotiated by externa
means. EOSBS codes shall be byte aligned. Thisis achieved by inserting ESTUF before the EOSBS
start code such that the first bit of the EOSBS start code is the first (most significant) bit of a byte
(see5.1.26).

The EOSBS code indicates that the sending of data for the indicated Sub-Bitstream has stopped and
the Sub-Bitstream has been declared over, until re-started by issuance of another picture start code
for that Sub-Bitstream. Subsequent pictures with the same Sub-Bitstream identifier number (ESBI)
shall be completely independent of and shall not depend in any way on the pictures which were sent
prior to the EOSBS code.

Control and other information associated with the video bitstream in general without specification of
which Sub-Bitstreams these codes are meant to apply (such as a Freeze Picture Request or a Fast
Update Request sent in H.242) should be presumed to apply to al of the active Sub-Bitstreams only.
A Sub-Bitstream is considered active if at least one picture start code has been received for the
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Sub-Bitstream and the last data sent which was applicable to that Sub-Bitstream was not an EOS or
EOSBS + ESBI.

C.4.2 Ending Sub-Bitstream Indicator (ESBI) (2 bits)

ESBI isafixed length codeword of two bits which follows immediately after EOSBS. It indicates the
Sub-Bitstream number of the ending Sub-Bitstream. Its value is the natural two-bit binary
representation of the Sub-Bitstream number.

ANNEX D
Unrestricted Motion Vector mode

This annex describes the optional Unrestricted Motion Vector mode of this Recommendation. The
capability of this H.263 mode is signalled by external means (for example, Recommendation H.245).
The use of thismodeisindicated in PTY PE or PLUSPTY PE.

The range of motion vectors and the VLC table used for coding the motion vector differences for the
Unrestricted Motion Vector mode depend on whether the PLUSPTY PE field of the picture header is
present. When PLUSPTY PE is present, the range of motion vectors also depends on the picture size
and the value of the UUI field in the picture header.

D.1 Motion vectors over pictureboundaries

In the default prediction mode of this Recommendation, motion vectors are restricted such that all
pixels referenced by them are within the coded picture area (see 4.2.3). In the Unrestricted Motion
Vector mode however this restriction is removed and therefore motion vectors are allowed to point
outside the picture. When a pixel referenced by a motion vector is outside the coded picture area, an
edge pixel isused instead. This edge pixel isfound by limiting the motion vector to the last full-pixel
position inside the coded picture area. Limitation of the motion vector is performed on a pixel basis
and separately for each component of the motion vector.

For example, if the Unrestricted Motion Vector mode is used for a QCIF picture, the referenced pixel
value for the luminance component is given by the following formula:

Rumv(x,y) = R(X',Y')

where:
X, ¥, X,y = gpatia coordinatesin the pixel domain;
Rumv(x,y) = pixel value of the referenced picture at (x, y) when in Unrestricted Motion
Vector mode;
R(x',y) = pixe vaue of the referenced picture at (X', y') when in Unrestricted Motion
Vector mode;

Ei:O ifx <0
X' F175 ifx > 175
Ez X  otherwisg;

=0 ify <0

y'EF143 ify > 143;
Ez y otherwisg;
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and the coded picture area of R(X', y') is0< X' <175, 0 <y' < 143. The given boundaries are integer
pixel positions; however, (X', y') can also be a half-pixel position within these boundaries.

D.1.1 Restrictionsfor motion vector values

If PLUSPTY PE is present in the picture header, the motion vector values are restricted such that no
element of the 16 x 16 or (8 x 8) region that is selected shall have a horizontal or vertical distance
more than 15 pixels outside the coded picture area. Note that this is a smaller extrapolation range
than when PLUSPTY PE is not present.

NOTE 1 — When PLUSPTYPE is absent, the extrapolation range is a maximum of 31.5 pixels outside the
coded picture area when the Unrestricted Motion Vector mode is used, and 16 pixels outside the coded
picture area when the Advanced Prediction mode (see Annex F) is used without the Unrestricted Motion
Vector mode.

NOTE 2 — When the Advanced Prediction mode (see Annex F) is in use, the motion vector for each 16 x 16
or (8 x 8) region affects a larger areas, due to overlapped block motion compensation. This can cause the
effective extrapolation range to increase for the "remote” motion vectors of the Advanced Prediction mode,
since the amount of overlapping (4 pixels, or 8 pixels when the Reduced-Resolution Update mode is also in
use) adds to the amount of extrapolation required (even though the range of values allowed for each motion
vector remains the same as when the Advanced Prediction mode is not in use).

D.2 Extension of the motion vector range

In the default prediction mode, the values for both horizontal and vertical components of the motion
vectors are restricted to the range [—16, 15.5] (thisis aso valid for the forward and backward motion
vector components for B-pictures). In the Unrestricted Motion Vector mode, however, the maximum
range for vector components is extended.

If the PLUSPTY PE field is not present in the picture header, the motion vector range is extended to
[-31.5, 31.5], with the restriction that only values that are within arange of [-16, 15.5] around the
predictor for each motion vector component can be reached if the predictor isin the range [-15.5,
16]. If the predictor is outside [-15.5, 16], al values within the range [-31.5, 31.5] with the same
sign as the predictor plus the zero value can be reached. So, if MV, is the motion vector component
and R isthe predictor for it, then:

-315 < MV, < 0 if -31.5 < P, < -16
~16 + Py < MV, < 155 + P, if -155 < P, < 16
0 < MV, < 315 if 16,5 < P, < 315

In the Unrestricted Motion Vector mode, the interpretation of Table 14 for MVD, MVD,4 and
MVDB isasfollows:

. If the predictor for the motion vector component is in the rard®.p, 16], only the first
column of vector differences applies.

. If the predictor for the motion vector component is outside the ratrigeq, 16], the vector
difference from Table 14 shall be used that results in a vector component inside the range
[-31.5, 31.5] with the same sign as the predictor (including zero).

The predictor for MVD and MVRy is defined as the median value of the vector components MV1,
MV2 and MV3 as defined in 6.1.1 and F.2. For MVDB, the predicter @Rs x MV)/TRp, where
MV represents a vector component for an 8 * 8 luminance block in a P-picture (see also G.4).

If PLUSPTYPE is present, the motion vector range does not depend on the motion vector prediction
value. If the UUI field is set to "1" the motion vector range depends on the picture format. For
standardized picture formats up to CIF the range-32,[ 31.5], for those up to 4CIF the range is
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[-64, 63.5], and for those up to 16CIF the range is [-128, 127.5], and for even larger custom picture
formats the range is [-256, 255.5]. The horizontal and vertical motion vector ranges may be different
for custom picture formats. The horizontal and vertical ranges are specified in TablesD.1 and D.2.

Table D.1/H.263 — Horizontal motion vector range when
PLUSPTYPE present and UUI = 1

Picturewidth Horizontal motion
vector range
4, ..., 352 [-32, 31.5]
356, ..., 704 [-64, 63.5]
708, ..., 1408 [-128, 127.5]
1412, ..., 2048 [-256, 255.5]

Table D.2/H.263 — Vertical motion vector range when
PLUSPTYPE present and UUI = 1

Picture height Vertical motion vector
range
4, ..., 288 [-32, 31.5]
292, ...,576 [-64, 63.5]
580, ..., 1152 [-128, 127.5]

In the Reduced-Resolution Update mode, the specified range applies to the pseudo motion vectors.
Thisimplies that the resulting actual motion vector range is enlarged to approximately double size
(see dso Annex Q).

If UUI is set to "01", the motion vectors are not limited except by their distance to the coded area
border as explained in D.1.1. The same limitation applies to the actual motion vectors (not just the
pseudo mation vectors) in the Reduced-Resolution Update mode.

To encode the motion vectors when PLUSPTYPE is present, Table D.3 is used to encode the
difference between the motion vector and the motion vector prediction. Every entry in Table D.3 has
asingle value (in contrast to Table 14). The motion vector range and the use of Table D.3 to encode
motion vector data apply to all picture types when PLUSPTY PE is present.

Motion vectors differences are always coded as a pair of a horizontal and a vertical component. If a
pair equals (0.5, 0.5) six consecutive zeros are produced. To prevent start code emulation, this
occurrence shall be followed by one bit set to "1". This corresponds to sending one additional zero
motion vector component.
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Table D.3/H.263 — Motion Vector Table used when PLUSPTYPE present

Absolute value of vector difference Number Codes
in half-pixel units of bits
0 1 1
1 3 0s0
"Xg'+2 (2:3) 5 O0Xo1s0
"X1Xo"+4 (4:7) 7 0x11x01s0
"X2X1X0'"'+8 (8:15) 9 0x21X11X01s0
"X3X2X1X0'"'+16 (16:31) 11 Ox31x21X11X01s0
"XaX3X2X1X0" +32 (32:63) 13 0X41x31X21X11X01s0
"X5X4X3X2X1X0" +64 (64:127) 15 Ox51X41X31X21X11%01s0
" XeX5X4X3X2X1X0" +128 (128:255) 17 0X61X51X41%31X%21X11Xg1s0
" X7XeX5X4X3X2X1X0" +256 (256:511) 19 0x71Xg1X51X41X31X21X11X01S0
" XgX7XeX5X4X3X2X1X0" +512 (512:1023) 21 0xg1x71Xg1X51X41X31X21X11X01S0
" XgXgX7XeX5X4X3XoX1Xg  +1024 23 0X91xg1x71Xg1X51X41X31X21X11X01S0
(1024:2047)
"X10XoX8X7X6X5X4X3XoX1X0" +2048 25 Ox101X91Xg1X71Xg1X51X41X31X21X1 1X0180
(2048:4095)

Table D.3 is a regularly constructed reversible table. Each row represents an interval of motion

vector differences in half-pixel units. The bits ";x¥' denote all bits following the leading "1" in

the binary representation of the absolute value of the motion vector difference. The bit "s" denotes
the sign of the motion vector difference, "0" for positive and "1" for negative. The binary
representation of the motion vector difference is interleaved with bits that indicate if the code
continues or ends. For example, the motion vector differefi& has sign s=1 and binary
representation kx;xo = 1101. It is encoded as @1xx;1 %1 sO =0 11 01 11 10. The 0 in the second
position of the last group of two bits indicates the end of the code.

ANNEX E
Syntax-based Arithmetic Coding mode

E1l Introduction

In the Variable Length Coding/Decoding (VLC/VLD) as described in clause 5, a symbol is VLC
encoded using a specific table based on the syntax of the coder. This table typically stores lengths
and values of the VLC code words. The symbol is mapped to an entry of the table in a table look-up
operation, and then the binary code word specified by the entry is sent out normally to a buffer for
transmitting to the receiver. In VLD decoding, the received bitstream is matched entry by entry in a
specific table based on the syntax of the coder. This table must be the same as the one used in th
encoder for encoding the current symbol. The matched entry in the table is then mapped back to the
corresponding symbol which is the end result of the VLD decoder and is then used for recovering the
video pictures. This VLC/VLD process implies that each symbol must be encoded into a fixed
integral number of bits. Removing this restriction of fixed integral number of bits for symbols can
lead to reductions of resulting bit rates, which can be achieved by arithmetic coding.
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This annex describes the optional Syntax-based Arithmetic Coding (SAC) mode of this
Recommendation. In this mode, al the corresponding variable length coding/decoding operations of
this Recommendation are replaced with arithmetic coding/decoding operations. The capability of this
H.263 mode is signalled by external means (for example, Recommendation H.245). The use of this
mode isindicated in PTY PE.

E.2  Specification of SAC encoder
In SAC mode, a symbol is encoded by using a specific array of integers (or a model) based on the

syntax of the coder and by calling the following procedure which is specified in C language.

#defi ne
#defi ne
#defi ne
#defi ne

gl 16384
g2 32768
g3 49152
top 65535

static long l|ow, high, opposite bits, |ength;

voi d

{

encode_a_synbol (int index, int cumul _freq[ ])

length = high — low + 1;
high = low — 1 + (length * cumul_freq[index]) / cumul_freq[0];
low += (length * cumul_freqg[index+1]) / cumul_freq[O];

for (;;){

}

if (high < g2) {
send out a bit "0" to PSC_FIFO;
while (opposite_bits > 0) {
send out a bit "1" to PSC_FIFO;
opposite_bits—;

}
else if (low >=q2) {
send out a bit "1" to PSC_FIFO;
while (opposite_bits > 0) {
send out a bit "0" to PSC_FIFO;
opposite_bits—;

low —=g2;
high —= g2;

}
else if (low >= g1 && high < g3) {
opposite_hits +=1;

low —=q1;
high —=q1;
else break;
low *= 2;

high = 2 * high+1,

The values of | ow, hi gh and opposite_bits areinitialized to 0, t op and 0, respectively.
PSC_FI FO is a FIFO for buffering the output bits from the arithmetic encoder. The model is

specified throughcunul _freq[ ], andthesymbol is specified using itsindex in the model.
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E.3 Specification of SAC decoder

In SAC decoder, a symbol is decoded by using a specific model based on the syntax and by calling
the following procedure which is specified in C language.

static |ong | ow, high, code value, bit, length, index, cum
i nt decode_a_synbol (int cumul _freq[ 1)

{
length = high — low + 1;
cum = (-1 + (code_value — low + 1) * cumul_freq[0]) / length;
for (index = 1; cumul_freqg[index] > cum; index++);
high = low — 1 + (Ilength * cumul_freq[index—1]) / cumul_freq[O];
low += (length * cumul_freqg[index]) / cumul_freq[O];
for (;;){
if (high < g2);
else if (low >=g2) {
code_value -=g2;
low —=g2;
high —= g2;

else if (low >= g1 && high < g3) {
code_value —=q1;

low —=q1;
high —=q1;
else break;
low *= 2;

high = 2 * high + 1;
get bit from PSC_FIFO;
code value = 2 * code_value + bit;

return (index-1);

}

Again the model is specified through cumul _freq[ ]. The decoded symbol is returned through
its index in the model. PSC_FI FOis a FIFO for buffering the incoming bitstream. The decoder is
initialized to start decoding an arithmetic coded bitstream by calling the following procedure.

void decoder_reset()

{
code value = 0;
low = 0;
high = top;
for(inti=1; i<=16; i++){
get bit from PSC_FIFO;
code_value = 2 * code_value + bit;
}
}
EA4 Syntax

As in VLC table mode of this Recommendation, the syntax of the symbols is partitioned into four
layers: Picture, Group of Blocks, Macroblock and Block. The syntax of the top three layers remain
exactly the same. The syntax of the Block layer also remains quite similar, but is illustrated in
FigureE.1.
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Block layer
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Yy
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INTRADC @—H TCOEF, B TCOEF,

<
Bl T1602840-97

Figure E.1/H.263 — Structure of SAC Block layer

In Figure E.1, TCOEF1, TCOEF2, TCOEF3 and TCOEFr are Last-Run-Level symbols as defined in
5.4.2, and are the possible 1st, 2nd, 3rd and rest of the symbols, respectively. TCOEF1, TCOEF2,
TCOEF3 and TCOEFr are only present when one, two, three or more coefficients are present in the
block layer, respectively.

E.5 PSC_FIFO

PSC_FIFO in encoder or decoder is a FIFO of size > 17 bits. In PSC_FIFO of encoder, illegal
emulations of PSC and GBSC are located and are avoided by stuffing a "1" after each successive
appearance of 14 "0"s (which are not part of PSC or GBSC). In PSC_FIFO of the decoder, the first
"1" after each string of 14 "0"s is deleted; if instead a string of 14 "0"s is followed by a "0", it
indicates that a legal PSC or GBSC is detected. The exact location of the PSC or GBSC is
determined by the next "1" following the string of zeros.

E.6 Header layer symbols

The header layers of the syntax are considered to be those syntactical elements above the block and
macroblock layers (see Figure 6 and the syntax specification in the text). The header levels of the
basic Version 1 syntax can form three possible strings, (PSTUF)--PSC--TR--PTY PE--PQUANT--
CPM--(PSBI)--(TRB-DBQUANT)--PEI--(PSUPP--PEI--...), (GSTUF)--GBSC--GN--(GSBI)--GFI D-
-GQUANT, and (ESTUF)--(EOS)--(PSTUF). In the revised syntax of Version 2, the header levels of
the syntax can have other structures (see Figure 6 and the syntax specification in the text). The
header level syntax strings are directly sent to PSC_FIFO as in the normal VLC table mode of this
Recommendation at encoder side, and are directly sent out from PSC_FIFO in the decoder after a
legal PSC, GBSC, SSC, EOS, or EOSBS is detected.

If aheader is not the first in a video session, the arithmetic encoder needs to be reset before sending
the header by calling the following procedure. This procedure shall also be called at the end of a
video session if (ESTUF)--EOS [or (ESTUF)--EOSBS for the Sub-Bitstream for which the last
header was sent] is not sent.
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voi d encoder flush( )

{
opposite_bits++;
if (low< qgl) {
send out a bit "0" to PSC FI FG
while (opposite bits > 0) {
send out a bit "1" to PSC FI FG
opposite _bits——
el se {
send out a bit "1" to PSC Fl FG
while (opposite_bits > 0) {
send out a bit "0" to PSC Fl FG
opposite_bits——
}
| ow = O;
hi gh = top;
}

In the decoder, after each fixed length symbol string, proceduredecoder _r eset iscalled.

E.7 Macroblock and Block layer symbols

Models for the macroblock and block layer symbols are included in E.8. The indices as given in the
VLC tables of clause 5 are used for the indexing of the integers in the models.

The model for COD in P-pictures is named cumf_COD. The index for COD being "0" is0, and is 1
for COD being "1". The model for MCBPC in P-pictures is named cumf_MCBPC_no4MVQ unless
PLUSPTYPE is present in the picture header and either the Advanced Prediction mode (Annex F) or
the Deblocking Filter mode (Annex J) is in use, in which case the mode is named
cumf_MCBPC_4MVQ The indexes for MCBPC are defined in Table 7 for I-pictures and Table 8 for
P-pictures. The model for MCBPC in |-picturesis named by cumf_MCBPC intra.

The model for MODB is cumf_MODB_G if Annex G is used or cumf_ MODB_M if Annex M is
used. The indexes for MODB are defined in Table 11 or Table M.1, respectively. The model for
CBPBn, n=1, 2,...,4, is cumf_YCBPB, and the model for CBPBn, n=5, 6, is cumf_UVCBPB,
with index O for CBPBn =0 and index 1 for CBPBn = 1.

The model for CBPY is cumf_CBPY in INTER macroblocks and cumf_CBPY _intra in INTRA
macroblocks. The model for DQUANT is cumf_DQUANT. The indexing for CBPY and DQUANT
isdefined in Tables 13 and 12, respectively.

The model for MVD, MVD,4 and MVDB is cumf_ MVD and the model for INTRADC is
cumf_INTRADC. Theindexing is defined in Tables 14 and 15, respectively.

A non-escaped TCOEF consists of a symbol for TCOEFL1/2/3/r followed by a symbol, SIGN, for the
sign of the TCOEF. The models for TCOEF1, TCOEF2, TCOEF3 and TCOEFr in INTER blocks are
cumf_TCOEF1, cumf_TCOEF2, cumf_TCOEF3, cumf_TCOEFr. The models for INTRA blocks are
cumf_TCOEF1 intra, cumf TCOEF2 intra, cumf_TCOEF3 intra, cumf TCOEFr_intra. For all
TCOEFs the indexing is defined in Table 16. The model for SIGN is cumf_SIGN. The indexing for
SIGN is O for positive sign and 1 for negative sign.

The models for LAST, RUN, LEVEL after ESCAPE are cumf LAST (cumf LAST intra),
cumf_RUN (cumf_RUN intra), cumf_LEVEL (cumf LEVEL intra) for INTER (INTRA) blocks.
The indexing for LAST is O for LAST =0 and 1 for LAST =1, while the indexing for RUN and
LEVEL isdefined in Table 17.
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The model for INTRA_MODE iscumf_INTRA_AC DC. Theindexing isdefined in Tablel.1.

E.8 SAC models
int cumf_COD[3]={ 16383, 6849, 0};

int cumf_MCBPC_no4MVQ[22]={ 16383, 4105, 3088, 2367, 1988, 1621, 1612, 1609, 1608, 496,
353,195, 77, 22,17, 12,5, 4, 3, 2, 1, O} ;

int cumf_MCBPC_4MVQ[26]={ 16383, 6880, 6092, 5178, 4916, 3965, 3880, 3795, 3768, 1491,
1190, 889, 655, 442, 416, 390, 360, 337, 334, 331, 327, 326, 88, 57, 26, 0};

int cumf_MCBPC _intra] 10]={ 16383, 7410, 6549, 5188, 442, 182, 181, 141, 1, 0} ;
int cumf_MODB_G[4]={ 16383, 6062, 2130, 0};

int cumf_MODB_M[7] = {16383, 6717, 4568, 2784, 1370, 655, 0} ;

int cumf_Y CBPB[3]={ 16383, 6062, 0};

int cumf_UVCBPB[3]={ 16383, 491, 0};

int cumf_CBPY[17]={ 16383, 14481, 13869, 13196, 12568, 11931, 11185, 10814, 9796, 9150, 8781,
7933, 6860, 6116, 4873, 3538, 0} ;

int cumf_CBPY_intra[17]={ 16383, 13619, 13211, 12933, 12562, 12395, 11913, 11783, 11004,
10782, 10689, 9928, 9353, 8945, 8407, 7795, 0} ;

int cumf_DQUANTI[5]={ 16383, 12287, 8192, 4095, 0}

int cumf_MVD[65]={ 16383, 16380, 16369, 16365, 16361, 16357, 16350, 16343, 16339, 16333,
16326, 16318, 16311, 16306, 16298, 16291, 16283, 16272, 16261, 16249, 16235, 16222, 16207,
16175, 16141, 16094, 16044, 15936, 15764, 15463, 14956, 13924, 11491, 4621, 2264, 1315, 854,
583, 420, 326, 273, 229, 196, 166, 148, 137, 123, 114, 101, 91, 82, 76, 66, 59, 53, 46, 36, 30, 26, 24,
18, 14, 10, 5, O};

int cumf_INTRADC[255]={ 16383, 16380, 16379, 16378, 16377, 16376, 16370, 16361, 16360,
16359, 16358, 16357, 16356, 16355, 16343, 16238, 16237, 16236, 16230, 16221, 16220, 16205,
16190, 16169, 16151, 16130, 16109, 16094, 16070, 16037, 16007, 15962, 15938, 15899, 15854,
15815, 15788, 15743, 15689, 15656, 15617, 15560, 15473, 15404, 15296, 15178, 15106, 14992,
14868, 14738, 14593, 14438, 14283, 14169, 14064, 14004, 13914, 13824, 13752, 13671, 13590,
13515, 13458, 13380, 13305, 13230, 13143, 13025, 12935, 12878, 12794, 12743, 12656, 12596,
12521, 12443, 12359, 12278, 12200, 12131, 12047, 12002, 11948, 11891, 11828, 11744, 11663,
11588, 11495, 11402, 11288, 11204, 11126, 11039, 10961, 10883, 10787, 10679, 10583, 10481,
10360, 10227, 10113, 9961, 9828, 9717, 9584, 9485, 9324, 9112, 9019, 8908, 8766, 8584, 8426,
8211, 7920, 7663, 7406, 7152, 6904, 6677, 6453, 6265, 6101, 5904, 5716, 5489, 5307, 5056, 4850,
456