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SMPTE

Foreword

SMPTE (the Society of Motion Picture and Television Engineers) is an internationally-recognized standards
developing organization. Headquartered and incorporated in the United States of America, SMPTE has
members in over 80 countries on six continents. SMPTE’s Engineering Documents, including Standards,
Recommended Practices and Engineering Guidelines, are prepared by SMPTE’s Technology Committees.
Participation in these Committees is open to all with a bona fide interest in their work. SMPTE cooperates
closely with other standards-developing organizations, including ISO, IEC and ITU.

SMPTE Engineering Documents are drafted in accordance with the rules given in Part XIII of its
Administrative practices.

This document is proposed standard VC-1 submitted to SMPTE Technology Committee C24.
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Introduction

This document was prepared for the primary purpose of documenting the bitstream format and decoding
process used in the VC-1 video decoder. It defines the bitstream syntax, semantics and constraints for
compressed video bitstreams and describes the complete process required to decode them.

VC-1, as defined in this document, consists of three profiles: Simple, Main, and Advanced. Simple and Main
profile were originally developed for use in lower-bit-rate networked computing environments. As such,
certain assumptions were made regarding the display environment (e.g. square pixel aspect ratio) to improve
compression efficiency. The Advanced Profile adds extensive in-band metadata support to allow for
optimized experience on a wide range of display devices.
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HIGH MOTION INTRA DELTA RUN INDEXED BY LEVEL TABLE (LAST=1)
HIGH MOTION INTER VLC TABLE

HIGH MOTION INTER INDEXED RUN AND LEVEL TABLE (LAST =0)

HIGH MOTION INTER INDEXED RUN AND LEVEL TABLE (LAST=1)

HIGH MOTION INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST =0)

: HIGH MOTION INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST=1)
TABLE 189:
TABLE 190:
TABLE 191:
: LOW MOTION INTRA INDEXED RUN AND LEVEL TABLE (LAST =0)
TABLE 193:
TABLE 194
TABLE 195:
TABLE 196:
TABLE 197:
TABLE 198:
TABLE 199:

HIGH MOTION INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST =0)
HIGH MOTION INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST = 1)
Low MOTION INTRA VLC TABLE

Low MOTION INTRA INDEXED RUN AND LEVEL TABLE (LAST=1)

Low MOTION INTRA DELTA LEVEL INDEXED BY RUN TABLE (LAST = 0)
Low MOTION INTRA DELTA LEVEL INDEXED BY RUN TABLE (LAST= 1)
Low MOTION INTRA DELTA RUN INDEXED BY LEVEL TABLE (LAST = 0)
Low MOTION INTRA DELTA RUN INDEXED BY LEVEL TABLE (LAST = 1)
Low MOTION INTER VLC TABLE

Low MOTION INTER INDEXED RUN AND LEVEL TABLE (LAST = 0)

: LOW MOTION INTER INDEXED RUN AND LEVEL TABLE (LAST =1)
TABLE 201:
TABLE 202:
TABLE 203:

Low MOTION INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST = 0)
Low MOTION INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST=1)
Low MOTION INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST = 0)

: LOW MOTION INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST=1)
TABLE 205:
TABLE 206:
TABLE 207:

MID RATE INTRA VLC TABLE
MID RATE INTRA INDEXED RUN AND LEVEL TABLE (LAST =0)
MID RATE INTRA INDEXED RUN AND LEVEL TABLE (LAST=1)

: MID RATE INTRA DELTA LEVEL INDEXED BY RUN TABLE (LAST =0)
TABLE 209:
TABLE 210:
TABLE 211:
TABLE 212:
TABLE 213:
TABLE 214:
TABLE 215:

MID RATE INTRA DELTA LEVEL INDEXED BY RUN TABLE (LAST=1)
MID RATE INTRA DELTA RUN INDEXED BY LEVEL TABLE (LAST =0)
MID RATE INTRA DELTA RUN INDEXED BY LEVEL TABLE (LAST= 1)
MID RATE INTER VLC TABLE

MID RATE INTER INDEXED RUN AND LEVEL TABLE (LAST = 0)

MID RATE INTER INDEXED RUN AND LEVEL TABLE (LAST=1)

MID RATE INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST = 0)

: MID RATE INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST=1)
TABLE 217:
TABLE 218:
TABLE 219:
: HIGH RATE INTRA INDEXED RUN AND LEVEL TABLE (LAST = 0)
: HIGH RATE INTRA INDEXED RUN AND LEVEL TABLE (LAST=1)
TABLE 222:

MID RATE INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST=0)
MID RATE INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST=1)
HiGH RATE INTRA VLC TABLE

HiGH RATE INTRA DELTA LEVEL INDEXED BY RUN TABLE (LAST = 0)
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TABLE 223: HIGH RATE INTRA DELTA LEVEL INDEXED BY RUN TABLE (LAST=1) 407
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TABLE 228: HIGH RATE INTER INDEXED RUN AND LEVEL TABLE (LAST=1) 411
TABLE 229: HIGH RATE INTER DELTA LEVEL INDEXED BY RUN TABLE (LAST =0) 412
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TABLE 232: HIGH RATE INTER DELTA RUN INDEXED BY LEVEL TABLE (LAST=1) 413
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TABLE 234: INTRA HORIZONTAL SCAN 414
TABLE 235: INTRA VERTICAL SCAN 414
TABLE 236: INTER 8X8 SCAN FOR SIMPLE AND MAIN PROFILES AND PROGRESSIVE MODE IN ADVANCED PROFILE 414
TABLE 237: INTER 8X4 SCAN FOR SIMPLE AND MAIN PROFILES 414
TABLE 238: INTER 4X8 SCAN FOR SIMPLE AND MAIN PROFILES 414
TABLE 239: INTER 4X4 SCAN FOR SIMPLE AND MAIN PROFILES AND PROGRESSIVE MODE IN ADVANCED PROFILE 415
TABLE 240: PROGRESSIVE MODE INTER 8X4 SCAN FOR ADVANCED PROFILE 415
TABLE 241: PROGRESSIVE MODE INTER 4X8 SCAN FOR ADVANCED PROFILE 415
TABLE 242: INTERLACE MODE INTER 8X8 SCAN FOR ADVANCED PROFILE (ALSO USED FOR INTRA MODE 8X8 SCAN
FOR INTERLACE FRAME PICTURES) 415
TABLE 243: INTERLACE MODE INTER 8X4 SCAN FOR ADVANCED PROFILE 415
TABLE 244: INTERLACE MODE INTER 4X8 SCAN FOR ADVANCED PROFILE 415
TABLE 245: INTERLACE MODE INTER 4X4 SCAN FOR ADVANCED PROFILE 415
TABLE 246: MOTION VECTOR DIFFERENTIAL VLC TABLE 0 415
TABLE 247: MOTION VECTOR DIFFERENTIAL VLC TABLE 1 416
TABLE 248: MOTION VECTOR DIFFERENTIAL VLC TABLE 2 417
TABLE 249: MOTION VECTOR DIFFERENTIAL VLC TABLE 3 418
TABLE 250: MAXIMUM BIT RATE AS A FUNCTION OF PROFILES AND LEVELS 434
TABLE 251: LIST OF PROFILES AND LEVELS DEFINED IN THIS STANDARD. 436
TABLE 252: CODEC OPTIONS IN THE SIMPLE, MAIN AND ADVANCED PROFILE. 437

TABLE 253: LIMITATIONS OF PROFILES AND LEVELS. COLUMN MARKED ‘B’ DENOTES B FRAMES AND LOOP FILTER
SUPPORT, AND ‘I’ DENOTES INTERLACE SUPPORT. FOR INTERLACE, PICTURE RATE IS DESCRIBED IN

FRAMES/SECOND. (FIELDS/SECOND IS TWICE THAT VALUE). 440
TABLE 254: EMULATION PREVENTION PATTERN REPLACEMENT 442
TABLE 255: DECODER REMOVAL OF EMULATION PREVENTION DATA 444
TABLE 256: START CODE SUFFIXES FOR VARIOUS BDU TYPES 445
TABLE 257: USER-DATA SYNTAX 446
TABLE 258: DECODING PROCEDURE FOR POST-PROCESSING INDICATORS IN SIMPLE/MAIN PROFILE ERROR!

BOOKMARK NOT DEFINED.

TABLE 259: QUANTIZER SPECIFICATION ERROR! BOOKMARK NOT DEFINED.
TABLE 260: SEQUENCE HEADER DATA STRUCTURE STRUCT _A FOR SIMPLE AND MAIN PROFILES ERROR!

BOOKMARK NOT DEFINED.

TABLE 261: SEQUENCE HEADER DATA STRUCTURE STRUCT _B FOR SIMPLE AND MAIN PROFILES ERROR!

BOOKMARK NOT DEFINED.

TABLE 262: SEQUENCE HEADER DATA STRUCTURE STRUCT _B FOR ADVANCED PROFILE ERROR! BOOKMARK
NOT DEFINED.

TABLE 263: SEQUENCE HEADER DATA STRUCTURE STRUCT _C FOR SIMPLE AND MAIN PROFILES ERROR!
BOOKMARK NOT DEFINED.

TABLE 264: SEQUENCE HEADER DATA STRUCTURE STRUCT _C FOR ADVANCED PROFILE ERROR! BOOKMARK

NOT DEFINED.
TABLE 265: SEQUENCE LAYER DATA STRUCTURE ERROR! BOOKMARK NOT DEFINED.
TABLE 266: FRAME LAYER DATA STRUCTURE ERROR! BOOKMARK NOT DEFINED.
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1 Scope

This document defines the bitstream syntax and semantics for compressed video data in VC-1 format, and specifies
constraints that are required for conformant bitstreams. It also describes the complete process required to decode the
bitstream. The compression algorithm is not specified in this standard. The video formats supported by VC-1 include
progressive and interlaced video sampled in the form of Y luma samples and Cy, C, color-difference in 8-bit per
component sample values resulting from a 4:2:0 sampling grid. The decoding process outputs 8-bit per component
video samples corresponding to the original 4:2:0 sampling grid. The display rendering process by which decoded Y,
Cy, C, samples are converted to a visible image or to a video output signal in a complete decoding system or device are
not specified in VC-1. A VC-1 bitstream may convey additional metadata and user data which shall be accounted for
in the buffer model. Metadata included in VC-1 streams is not used by the decoding process, but is passed to the
display rendering process for the identification and reconstruction of the sampled video format, sample aspect ratio,
color space, etc.

2 Normative References

The following standards contain provisions which, through reference in this text, constitute provisions of this standard.
At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to
agreements based on this standard are encouraged to investigate the possibility of applying the most recent edition of
the standards indicated below.

Recommendation ITU-R BT.470-6, “Conventional television systems”, 1998.

Recommendation ITU-R BT.1700 ', “Characteristics of video signals for conventional analogue television systems”,
2005.

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

Recommendation ITU-R BT.709-5, “Parameter values for the HDTV standards for production and international
programme exchange”, 2002.

ISO/IEC 13818-1:2000, Information Technology — Generic Coding of Moving Pictures and Associated Audio
Information: Systems” (2™ Edition).

SMPTE 274M-2005, Television — 1920 x 1080 Image Sample Structure, Digital Representation and Digital Timing
Reference Sequences for Multiple Picture Rates.

! Note: Recommendation ITU-R BT.1700 Part A references SMPTE 170M. Recommendation ITU-R BT.1700 also
replaces Recommendation ITU-R BT. 470-6.
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SMPTE 293M-2003, “Television — 720 x 483 Active Line at 59.94-Hz Progressive Scan Production — Digital
Representation”.

SMPTE296M-2001, Television — 1280 x 720 Progressive Image Sample Structure — Analog and Digital Representation
and Analog Interface.

Recommendation ITU-R BT.1361, “Worldwide unified colorimetry and related characteristics of future television and
imaging systems”.

3 Overview

This section gives an overview of the syntax, transport requirements, and the organization of this document.

3.1 Syntax Overview (Informative)

The syntax of this standard consists of the hierarchical layers: sequence, entry-point, picture, slices, macroblocks (MB),
and blocks. In the simple and main profile, a sequence consists of a series of one or more coded pictures. In the
advanced profile, a sequence consists of a series of one or more entry-point segments, where each entry-point segment
consists of a series of one or more pictures, and where the first picture in each entry-point segment provides random
access. A picture is decomposed into macroblocks, each of which consists of four luma blocks, and two color-
difference blocks. A slice comprises one or more contiguous rows of macroblocks.

An overview of the bitstream syntax for the sequence layer, entry-point layer and picture layer is shown in Figure 1.
The entry-point layer is present only in the advanced profile. An overview of the picture layer, slice layer and
macroblock layer is shown in Figure 2. The syntax of block layer is shown in Figure 27 and Figure 28. The bitstream
syntax and semantics of the sequence layer and the entry-point layer are described in Section 6.
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VC-1 Bitstream Syntax Overview

l

SEQ_LAYER

!

i

ENTRY_POINT_LAYER

Ji

PIC_LAYER

J

v

Figure 1: Bitstream Syntax Overview (Entry_Point_Layer is present only in advanced profile)
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PIC_LAYER Syntax PIC_LAYER Syntax PIC_LAYER Syntax for
for Simple/Main for Progressive and Interlace Interlace Field Picture in
Profile Frame in Advanced Profile Advanced Profile

l l P TIOR
PIC_HDR PIC_HDR FRAME

FIELD1_LAYER
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A
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SLICE_LAYER
SLICE_LAYER

B

|
I F

MB_LAYER MB_LAYER

v A 4
FIELD2_LAYER

B

SLICE_LAYER

MB_LAYER

I I

NS

Figure 2: Picture Layer Syntax Overview

Both progressive and interlace syntax are supported. Pictures which are coded using the interlace syntax can be coded
as a single frame, or as two fields. Pictures which are coded using the progressive syntax are coded as a single frame.
Pictures coded using the progressive and pictures coded using the interlace syntax can be mixed in the same sequence.
Each picture can be coded as an I-picture, P-picture, skipped picture, Bl-picture, or as a B-picture as defined in section
4.12 and summarized below.

e  An I-picture (intra-coded picture) is a picture that is coded using information only from itself, and does not
depend on information from any other picture. All the macroblocks in an I-picture are intra-coded.

e A P-picture is a picture that is coded using motion compensated prediction from past reference pictures. A P
picture can contain macroblocks that are inter-coded (i.e. coded using prediction) and macrobocks that are
intra-coded.

e A B-picture is a picture that is coded using motion compensated prediction from past and/or future reference
pictures. A B picture can contain macroblocks that are inter-coded, and macroblocks that are intra-coded.

e A Bl-picture is a B picture that contains only intra-coded macroblocks.
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e A skipped picture is a P-picture that is identical to its reference picture.

There are three profiles: simple, main and advanced. Simple and main profiles support only progressive pictures. Each
profile contains multiple levels. There are two levels in simple profile, three levels in main profile, and five levels in
advanced profile. For details on profiles and levels, and their relation to coding tools, see Annex D.

The bitstream syntax of the picture layer as well as the syntax of slice, macroblock and block layers are described in
Section 7 (for progressive pictures) and in Section 9 (for interlace frame and interlace field pictures).

3.2 Decoding Process Overview

An overview of the decoding process, as defined in this document, is shown in Figure 3 (for simple and main profiles),
and in Figure 4 (for advanced profile).

Decoding Process Block Diagram
for VC-1 Simple and Main Profiles

CONFORMING
IMPLEMENTATION
DEVC"(;:DE ac/ioc || INnvERSE || INVERSE || ovERLAP LOOP DECODED |
coerrs || PRED || Quant TRANS SMOOTH FILTER FRAME
INTRA
BITSTREAM —
PARSING | INTER | INVERSE | | INVERSE
| | DECODE QUANT TRANS
COEFFS
MOTION COMP
VLC Y2 or ¥4 pel
DECODE MV PRED —» interpolation
MV
[ imviamv ]
7Y RANGE RED/ DECODED
INTENSITY |€— FRAME |¢/
CoMP BUFFER

" IMPLEMENTATION -
SPECIFIC

. DERING/
_;> DEBLOCK

DISPLAY
PROCESS

COLOR
CONV

RESIZE

Etc.

Figure 3: Decoding Process Block Diagram for Simple and Main Profile
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Decoding Process Block Diagram
for VC-1 Advanced Profile ST .

;IMPLEMENTATION:

CONFORMING

IMPLEMENTATION . SPECIFIC
DEVcLoCDE Ac/oc || INVERSE || INVERSE || OVERLAP LOOP | | RANGE || DECODED |L - DERING/
COEFES || PRED QUANT TRANS SMOOTH FILTER MAP FRAME . DEBLOCK
DISPLAY
PROCESS
INT :
BITSTREAM . QoR
: CONV
PARSING [INTER | vLC INVERSE | | INVERSE :
DECODE
coeres || QuANT TRANS
RESIZE
MOTION COMP : Etc. :
VIT Yo or Y pel : :
DECODE || mv PreED | [ interpolation e :
MV
1MV /4 MV
DECODED
t— 'NTCEONMSF',TY |€¢— PICTURE [«
BUFFER

Figure 4: Decoding Process Block Diagram for Advanced Profile

The various decoding processes are described in Section 8 (for progressive picture), and in Section 10 (for interlace
frame and interlace field picture). Post-processing and display processing are assisted by information carried in the
compressed bitstream (e.g. sample aspect ratio). In addition to the output 4:2:0 samples, the decoding process produces
output metadata (used in post-processing and during display processing). This is illustrated in Figure 5. Note that range-
reduction block present in simple/main profile is part of the prediction loop, while range map block present in the
advanced profile is outside the prediction loop.
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Overview of the Decoding Process,
Display Process, and Meta-Data Flow

Conformance Scope of this standard indicated by shaded areas

Syntactic Conformance Point Semantic Conformance Point
For Elementary Stream and Metadata For Decoding Process

T Etementaly- Strear #zigvert

Post-processing

Tfa“s"o” " A Images or
Demultg;lz)(;eerror File N and Dlsplay video signals
___________ Meiadecta* Display Metadata Process
Decoder Initialization Display & Post-processing
Metadata Interface for Metadata Interface
Simple Profile and Main FRMRTQ_POSTPROC
Profile* BITRTQ_POSTPROC
STRUCT_SEQUENCE_HEADER_A POSTPROC
STRUCT_SEQUENCE_HEADER_B PQUANT

DISP_HORIZ_SIZE

*see Annex J — (All metadata

included in Elementary Stream DISP_VERT_SIZE

in Advanced Profile) REF, TFF, RPRTERM
INTERPFRM
UVSAMP

PAN SCAN INFORMATION

COLORIMETRY

ASPECT RATIO

FRAME RATE

(see Annex )

Figure 5: Overview of the Decoding Process and Meta-Data

3.3 Encoding Process Overview (Informative)

An informative overview of the encoding process is shown in Figure 6 which depicts some of the major blocks in the
encoder. Annex K presents additional details on some of the encoding blocks.
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Figure 6: Overview Block Diagram of the Encoding Process (Informative)

3.4 Document structure (Informative)

Section 4 presents notation and definition of terms used in this document. Section 0 describes the input source format,
and the hierarchical elements of the syntax. Section 6 describes the syntax and semantics of the sequence and entry-
point layer. Section 7 describes the syntax and semantics of the picture, slice, macroblock, and block layers of a
progressive picture. Section 8 describes the decoding process of a progressive picture. Section 9 describes the syntax
and semantics of the picture, slice, macroblock and block layers of an interlace frame and interlace field picture. Section
10 describes the decoding process of an interlace frame and interlace field picture. Table 1 shows the sections where the

individual functional elements are described in detail.

Table 1: Functional Elements in VC-1

Intraframe Path
> Forward ) Quanti- w| Entropy |
Transform zation Coding
Input
Forward ) Quanti- | Entropy | |
Transform zation Coding
A
\ >
Motion Vectors Interframe Path
_|  Motion
Estimation
L Motion Inverse Dequanti-
Comp/ |€— | .
Recon Deblocking Transform zation
frame
Reconstruction Loop
Encoder

Section Number
Numb . Simple/Main Profile | Advanced Profile, | Advanced Profile,
Function Name A :
er (Progressive only) Progressive Interlace
Sequence level
! Bitstream Parsing N/A 6.1 6.1
Entry Point
2 Bitstream Parsing N/A 6.2 6.2
Picture Level
3 Bitstream Parsing 71 7.1 91
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VLC Decode
4 Coeffs (VLC | 0,8.3.6.2,11 0,8.3.6.2,11 10.1.2.5,11
tables)
VLC Decode MV
5 8.3.52.1,11 8.3.52.1,11 10.3.5.4,10.7.3.6,11
(VLC tables)
6 MV PRED 8.3.5.3 8.3.5.3 10.3.5.4.3,10.7.3.5
10.3.5.4.4 (Field P),
; Motion Comp 8.3.5.4,8.3.6.5(P) 8.3.5.4,8.3.6.5(P) }8‘7‘2?% (Fiegl B);
(IMV/4MV) 8.4.5.11(B) 8.4.5.11(B) 741 (Frame P)
10.8.6.9(Frame B)
10.1.2.2 (Field)
8 DC Prediction 8.1.3.2 8.1.3.2
10.5.2.1 (Frame)
10.1.2.6(Field),
9 AC Prediction 8.1.3.7 8.1.3.7
10.5.2.2(Frame)
8.3.6.3 (P pic) 8.3.6.3 (P pic)
Inverse . :
10 Quantization 8.1.3.3(I pic DC) 8.1.3.3 (I pic DC)
8.1.3.8 (I pic AC) 8.1.3.8 (I pic AC)
11 Inverse Transform | Annex A Annex A Annex A
12 Loop Filter 8.6 8.6 10.10
13 Intensity Comp 8.3.8 8.3.8 10.3.8
14 Range map N/A 6.2.15,6.2.16 6.2.15,6.2.16
15 Sync Markers 8.8 N/A N/A
16 Bitplane Coding 8.7 8.7 8.7
17 Pan Scan N/A 8.9 8.9
4 Notation

The following notation is used in this document.

4.1 Conformance Notation

Documents consist of normative text and optionally, informative text. Normative text is that text which describes
elements of the design that are indispensable or contains the conformance language keywords: "shall", "should" or
Hmayl'.

Informative text is text that is potentially helpful to the user, but not indispensable and can be removed, changed or
added editorially without affecting interoperability. Informative text does not contain any conformance keywords.
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All text in the document is normative except: the Introduction, any section explicitly labeled as "Informative", or
individual paragraphs that start with "Note:".

Normative references are those external documents referenced in normative text and are indispensable to the user.
Bibliographic references are those references made from informative text or are otherwise not indispensable to the user.

The keywords "shall" and "shall not" indicate requirements strictly to be followed in order to conform to the document
and from which no deviation is permitted.

The keywords, "should" and "should not" indicate that among several possibilities one is recommended as particularly
suitable, without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required; or that (in the negative form) a certain possibility or course of action is deprecated but not prohibited.

The keywords "may" and "need not" indicate a course of action permissible within the limits of the document.

The keyword, "reserved" indicates a provision that is not defined at this time, shall not be used, and may be defined in
the future. The keyword, "forbidden" indicates "reserved" and in addition indicates that the provision shall never be
defined in the future.

A conformant implementation is one that includes all mandatory provisions ("shall") and, if implemented, all
recommended provisions ("should") as described. A conformant implementation need not implement optional
provisions ("may") and need not implement them as described.

4.2 Arithmetic Operators
+ Addition.

- Subtraction (as a binary operator) or negation (as a unary operator).

++ Increment.
—— Decrement.
+= at=bisdefinedasa=a+b

—= a—=Dbisdefinedasa=a—-b
* Multiplication.

/ Integer division with truncation towards zero. For example, 7/4 and —7/—4 are truncated
to 1 and —7/4 and 7/—4 are truncated to —1.

// Integer division with rounding to the nearest integer. Half-integer values are rounded
away from zero unless otherwise specified. For example 3//2 is rounded to 2, and (-
3)//2 is rounded to -2.

// is also used as a comment marker in pseudocode and syntax tables.

#it Rest of the line is a comment.

| Absolute value.
abs () Absolute value

|x|=x,whenx>0
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Sign( )

INT( )
NINT ()

CLIP( )
ceil ()

max
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N

logy
median3 ()
median4 ()

smod
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| x | =0, when x ==

| x |=-x, when x <0

x%a is defined as the modulus operator for x>= 0, a>0.

x%a = -((-x%a)) for x< 0, a>0.

x%a 1is defined only for positive values of a.

Sign.

Sign(x) = 1, when x >=0

Sign(x) = -1, when x <0

Truncation to integer operator. Returns the integer part of the real-valued argument.

Nearest integer operator. Returns the nearest integer value to the real-valued argument.
Half-integer values are rounded away from zero.

CLIP(n) = 255 if n > 255, CLIP(n) = 0 if n < 0, CLIP(n) = n otherwise

Ceiling operator. Returns the smallest integer which is greater than or equal to the real-
valued argument. For example, ceil (1.5) =2 and ceil (3.0) = 3.

Maximum of the arguments.

Minimum of the arguments.

Square root.

Logarithm to base 2.

Median of 3 values (see section 4.11 for definition)
Median of 4 values (see section 4.11 for definition)

Signed modulus operator (see section 4.11 for definition)

4.3 Logical operators

I
&&

!

Logical OR.
Logical AND.
Logical NOT

TRUE/FALSE Convention: The syntax uses the convention that a variable or expression evaluating to a non-
zero value is equivalent to a condition that is TRUE and a variable or expression evaluating to a zero value is
equivalent to a condition that is FALSE.

4.4 Relational operators

Greater than.

Greater than or equal to.
Less than.

Less than or equal to.
Equal to.

Not equal to.
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4.5 Bitwise operators

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

& AND

| OR

~ XOR.

>> Shift right with sign extension.
<< Shift left with zero fill.

4.6 Assignment

= Assignment operator.

4.7 Precedence Order of Operators

The precedence order of operators is defined as follows:

Operators Type of operation Associativity
0 Expression Left to Right
++, — Postfix operators Right to Left
-,! Unary

* 1, %, /] Multiplicative Left to Right
+, - Additive and Subtractive Left to Right
<<, >> Shift Left to Right.
<, >, <=, Relational Left to Right
>=

= I= Equality Left to Right
&, |, " Bitwise operator Left to Right
&&, ||, Logical operators Left to Right
= 4= —= Assignment operators Right to Left

Operators are listed in descending order of precedence. If several operators appear in the same line, they have equal
precedence. When several operators of equal precedence appear at the same level in an expression, evaluation proceeds
according to the associativity of the operator either from right to left or from left to right.

4.8 Mnemonics

The following mnemonics are defined to describe the different data types used in the coded bitstream.

uimsbf Unsigned integer, most-significant bit first.
bslbf Bit String, left bit first.
viclbf Variable length prefix code, left bit first, where "left" refers to the order in which the

VLC codes are written.
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VLC Variable-length code
FLC Fixed-length code

4.9 Pseudocode operations

The following operations are used in the pseudocode to define the decoding process.
e //is a comment to the line end (note — not integer division)
e  /* this is a comment start and end */
e A group of statements enclosed in curly brackets is a compound statement and is treated functionally as a
single statement.
e  while (condition)

(statement)

/* specifies repeated execution of statement until condition is no longer true. */
o for(initial statement; condition; subsequent statement)

(primary statement)

/* specifies evaluation of intial statement followed by evaluation of condition, and if condition is true, specifies
repeated execution of primary statement followed by subsequent statement until condition is no longer true */
e if(condition)

(statement)
else
(alternate statement)

/* statement is executed if condition is true, alternate statement is executed otherwise */
e goto Label

/* jumps to the labeled statement represented as ~ “Label: statement™ */

4.10 Bitstream Parsing Operations

The bitstream is formatted as an ordered sequence of bytes. These bytes contain sequences of bits. The syntax
elements appear within a sequence of bits in the order specified in the syntax tables of section 7 and section 9, and for
each syntax element, the most-significant bit of the syntax element value is the left-most bit in the sequence of bits that
represents the syntax element and the least-significant bit of the syntax element value is the right-most bit. The bits of
the syntax elements shall be extracted from the bytes that represent them by extracting the most-significant bit of the
first syntax element from the most-significant bit of the first byte, the next bit of the syntax element from the next less
significant bit of the byte, etc., proceeding through to the least-significant bit of the byte and then the most-significant
bit of the following byte, etc. After the bits of the first syntax element, the same convention shall be followed, starting
at the next bit, for the bits of the next syntax element and then for the subsequent syntax elements.

Unless otherwise specified in a system-level specification, the bytes of the bitstream are ordered such that the first byte
shall be placed first, the second byte shall be placed second, etc.

Note: The byte order described above is sometimes referred to as "network byte order".

The pseudo-code examples use the following bitstream parsing operations
new_bit() // Returns the next bit from the bitstream

static CurrentByte = 0;
static CurrentBit = 7;
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extern unsigned char *ElementaryStream;

new_bit() {
Value = ( ElementaryStream[CurrentByte] >>
CurrentBit) & 1;

if(CurrentBit != 0)
CurrentBit--;

else{
CurrentByte++;
CurrentBit=7;

}
}

get_bits(n)

//Reads n bits from the bitstream and returns the value.
Il get_bits(0) is zero.
get_bits(n){
DecodedBitString = 0;
for(i=0;i<n;i++)
DecodedBitString = (DecodedBitString << 1) +
new_Dbit();
return( DecodedBitString );
}

more_bits
(BitString, Len,
Tab)

Returns TRUE if the symbol BitString of length Len is not found in the
code table Tab. Otherwise, it returns FALSE.

vic_decode()

/IDecodes the next variable-length codeword in the bitstream and returns
the decoded symbol
I/l Tab is set to appropriate variable length code table.
vic_decode() {
DecodedBitString = new_bit();
DecodedLength = 1;
while( more_bits( DecodedBitString, DecodedLength,
Tab) {
DecodedBitString = (DecodedBitString << 1) +
new_bit();
DecodedLength++;

}
return( DecodedBitString );

}

byte aligned()

Returns TRUE if the correct position in the bitstream is on a byte
boundary. Otherwise it returns FALSE.
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4.11 Function Definitions

The functions smod (signed modulus), median3() and median4() are used in some of the pseudocode examples in this
spec. The functions median3 and median4 are computed as illustrated in the following pseudocode examples.

median3 () median3 (a, b, c)
{
if (a>h)
{
if (b > c)
median = b
elseif (a>c)
median = ¢
else
median = a
}
else if (a>c)
median = a
else if (b > c)
median = ¢
else
median = b

return median

median4 () median4 (a, b, c, d)
{

max = min = a

if (b > max)
max = b

else if (b < min)
min =b

if (c > max)
max = ¢

else if (c < min)
min =c¢

if (d > max)
max =d

else if (d < min)
min =d

median= (a+b+c+d-max-min)/2
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return median

The smod (signed modulus) operator is used in computation of motion vector, and is computed as
follows.

Asmodb=((A+b)&(2b-1)-b

A smod b lies within —b and b-1.

4.12 Definition of Terminology
For the purposes of this standard, the following definitions apply.

anchor picture: An I or a P picture or a skipped picture that is used as a reference picture for a B picture. There are
two anchor pictures for a B picture.

AC coefficient: Any transform coefficient for which the frequency in one or both dimensions is non-zero.

B field picture: A B picture coded with interlace field coding mode. A B Field picture cannot be used for predicting
any other picture except the opposite field of the same picture.

B frame picture: A frame structure B picture coded with interlace frame coding mode. A B Frame picture cannot be
used for predicting any other picture.

B picture; bidirectionally predictive-coded picture: A picture that is coded using motion compensated prediction
from past and/or future reference fields or frames. A B picture can contain macroblocks that are inter-coded, and
macroblocks that are intra-coded. A B picture cannot be used for predicting any other picture.

Bl picture: A B picture where all the macroblocks are intra-coded. A BI picture cannot be used for predicting any other
picture.

backward motion vector: A motion vector that is used for motion compensation from a reference frame or reference
field at a later time in display order.

backward prediction: Prediction from the future reference frame (field).
bitplane coding: Technique by which macroblock level information is coded as part of the frame header information.

backward reference frame distance (BRFD): As computed from syntax elements coded in the bitstream, this is
nominally equal to one plus the number of frames between the current frame, and the subsequent (in display order)
reference anchor.

bitstream: An ordered series of bits that forms the coded representation of the data.

bitstream data unit (BDU): A unit of the compressed data which may be parsed (i.e. syntax decoded) independently of
other information at the same hierarchical level. A BDU could be, for example, a sequence header, an entry-point
header, a coded picture or a slice. An Encapsulation Mechanism (EM) is described to prevent emulation of the start
code prefix in the bitstream. The compressed data before encapsulation is called Raw Bitstream Decodable Unit
(RBDU), while Encapsulated BDU (EBDU) refers to the data after encapsulation.

bitrate: The rate at which the coded bitstream is delivered to the input of a decoder.

block: An 8-row by 8-column matrix of samples, or 64 transform coefficients.

Private SMPTE Committee Document: Not for Publication 16



Committee Draft: Video Codec VC-1

bottom field: One of two fields that comprise a frame. Each line of a bottom field is spatially located immediately
below the corresponding line of the top field.

byte-aligned: A bit in a coded bitstream is byte-aligned if its position is a multiple of 8 bits from the first bit in the
stream.

byte: Sequence of 8 bits.

channel: A digital medium that stores or transports a bitstream.

clamping: The process of limiting values to a certain range, and can be implemented using the CLIP operator.
color-difference sub-sampling: The sampling grid used to sample the color-difference signals.

coded block pattern (CBP): A symbol indicating the presence or absence of residual information in blocks within a
macroblock.

coded block pattern of color-difference and luma blocks (CBPCY): The six-bit pattern representing CBP of the two
color-difference blocks and four luma blocks within a macroblock, and obtained from decoding the corresponding
variable-length syntax element.

coded picture: A coded picture is made of a picture header, the optional extensions immediately following it, and the
following picture data. A coded picture may be a coded frame or a coded field.

coded video bitstream: A coded representation of a series of one or more sequences.

coded order: The order in which the pictures are transmitted and decoded. This order is the same as the display order if
there are no B frames in the sequence. The coded order is not the same as the display order if there are B frames in the
sequence.

coding parameters: The set of user-definable parameters that characterize a coded video bitstream.
coding set: The set of VLC tables and constants that are used to decode the AC coefficients.
color-difference: The Cy, C, signals resulting from the matrix equations defined in the image source documents.

component: A matrix, block or single sample from one of the three matrices (luma and two color-difference) that make
up a picture.

compression: Reduction in the number of bits used to represent an item of data.
DC coefficient: The transform coefficient for which the frequency is zero in both dimensions.
decoder: An embodiment of a decoding process.

decoding process: The process defined whereby a serialized bitstream is converted to an array of 8-bit Y, Cy, C,
samples with 4:2:0 color subsampling. In other words, the decoding algorithm. The decoding process does not
include the display rendering process, which may convert these samples to images in another color space (such as
RGB), may apply format specific black and white levels, color primaries, Y, Cy,, C, matrix coefficients, sample aspect
ratios, etc., and may display the images with frequency and timing different from the sampled rate.

dequantization: The process of rescaling the quantized transform coefficients after their representation in the bitstream
has been decoded and before they are presented to the inverse transform.

direct prediction: Prediction from the both past reference frame (field), and the future reference frame (field) where
the motion vectors are derived from the collocated block in the future frame (field).

display order: The order in which the decoded pictures are displayed. Normally this is the same order in which they
were presented at the input of the encoder.

display process: The (non-normative) process by which reconstructed frames are displayed.
encoder: An embodiment of an encoding process.
encoding (process): A process which reads a stream of input pictures and produces a valid coded bitstream.

entry-point: A point in the bitstream that offers random access.
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entry-point segment: The compressed bitstream (and the corresponding coded pictures) that is present between one
entry-point, and the following entry-point.

escape code: The escape code is used to represent a symbol for which is there is no direct representation in a VLC
table.

extended motion vectors: Extended motion vectors are motion vectors which lie outside the default range. The default
range of motion vectors is [ -64 63.f] X [ -32 31.f ], where f is the fractional motion vector % for ¥4 pixel motion and
Y for Y4 pixel motion resolution.

field: For an interlaced video signal, a "field" is the assembly of alternate lines of a frame. Therefore an interlaced
frame is composed of two fields, a top field and a bottom field.

forward motion vector: A motion vector that is used for motion compensation from a reference frame or reference
field at an earlier time in display order.

forward prediction: Prediction from the past reference frame (field).

forward reference frame distance (FRFD): As computed from syntax elements coded in the bitstream, this is
nominally equal to one plus the number of frames between the current frame, and the previous (in display order)
reference anchor.

frame: A frame contains lines of spatial information of a video signal. For progressive video, these lines contain
samples starting from one time instant and continuing through successive lines to the bottom of the frame. For
interlaced video, a frame consists of two fields, a top field and a bottom field. One of these fields will commence one
field period later than the other.

Frame coding mode (FCM): The syntax element which indicates whether the frame is coded in progressive mode,
interlace-field mode, or interlace-frame mode.

frame interpolation: The process of creating intermediate video frames (for display) based on the data in two
consecutive frames of decoded video. Frame interpolation is not part of the decoding process.

frame rate: The rate at which frames are output from the decoding process.

future reference frame (field): A future reference frame (field) is a reference frame (field) that occurs at a later time
than the current picture in display order.

frame re-ordering: The process of re-ordering the reconstructed frames when the coded order is different from the
display order. Frame re-ordering occurs when B frames are present in a bitstream. There is no frame re-ordering when
decoding low delay bitstreams.

header: A block of data in the coded bitstream containing the coded representation of a number of data elements
pertaining to the coded data that follow the header in the bitstream.

hypothetical reference decoder (HRD): hypothetical reference decoder is an alternate term for video buffering
verifier.

inter-coded block, inter-block: A block that been coded using information both from itself, and from blocks and
pictures occurring at other times.

inter coding: Coding of a macroblock or picture that uses information both from itself and from macroblocks and
pictures occurring at other times.

interlace: The property of frames where alternating lines of the frame represent different instances in time. In an
interlaced frame, one of the fields is meant to be displayed first. This field is called the first field. The first field may be
the top field or the bottom field of the frame.

interlace field coding: The coding mode used when the two fields of an interlace frame are coded separately. The
pictures coded using this mode are called interlace field pictures, or field pictures.

interlace frame coding: The coding mode used when the two fields of an interlace frame are coded together. The
pictures coded using this mode are called interlace frame pictures, or frame pictures.

interpolation: the process used to generate subpixel values when the motion vectors are not integers.
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interpolated prediction: Prediction from the both past reference frame (field), and the future reference frame (field)
where the motion vectors are explicitly coded in the bitstream.

| field picture: An I Picture coded with interlace field coding mode.
| frame picture: An I Picture coded with interlace frame coding mode.

| picture; intra-coded picture: A picture coded using information only from itself. All the macroblocks in an I-picture
are intra-coded.

intra coding: Coding of a macroblock or picture that uses information only from that macroblock or picture.
intra-coded block, intra-block: A block that been coded using information only from that block or picture.

level: A defined set of constraints on the values which may be taken by the parameters (such as bit rate and buffer size)
within a particular profile. A profile may contain one or more levels. Levels are hierarchical. A bitstream compliant to a
particular combination of level and profile, is compliant to all higher levels at the same profile.

In a different context, level is the absolute value of a non-zero coefficient (see "run").

luma; Y’: is the value resulting from a weighted sum of 3 nonlinear (gamma pre-corrected) R,G,B components. It is
often carelessly called luminance and given the symbol Y.

macroblock: The four 8 by 8 blocks of luma data and the two corresponding 8 by 8 blocks of color-difference data
coming from a 16 by 16 section of the luma component of the picture.

motion compensation: The use of motion vectors to improve the efficiency of the prediction of sample values. The
prediction uses motion vectors to provide offsets into the past and/or future reference frames or reference fields
containing previously decoded sample values that are used to form the prediction error.

motion estimation: The process of estimating motion vectors during the encoding process.

motion vector (MV): A two-dimensional vector used for motion compensation that provides an offset from the
coordinate position in the current picture or field to the coordinates in a reference frame or reference field.

natural scan order: The scan order in which a two-dimensional array of symbols is scanned row-wise from left to
right, and the rows are scanned from top to bottom.

non-skipped macroblock: A macroblock which is not skipped, and for which data is coded.
opposite parity: The opposite parity of top is bottom, and vice versa.

out-of-loop processing: Out-of-loop processing consists of operations such as resizing the output video, color-
difference upsampling, and frame interpolation which are outside the decoding loop.

overlap smoothing: The filtering operation that is conditionally performed across edges of two neighboring Intra
blocks, after inverse transform and prior to the loop filter.

overscan: The amount of picture area that gets cropped off along the edges.
P field picture: A P Picture coded with interlace field coding mode.
P frame picture: A P Picture coded with interlace frame coding mode.

Pl Field picture: A Picture coded with interlace field coding mode where the first field is coded as a P Field, and the
second field is coded as an I Field.

P picture; predictive-coded picture: A picture that is coded using motion compensated prediction from past reference
fields or frame. A P picture can contain macroblocks that are inter-coded (i.e. coded using prediction) and macrobocks
that are intra-coded.

pan scan window: The portion of video displayed on a screen as a result of the view selection.

parameter: A variable within the syntax which may take one of a range of values. A variable which may take one of
only two values is called a flag.

parity (of field): The parity of a field may be top or bottom.
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past reference frame (field): A past reference frame (field) is a reference frame (field) that occurs at an earlier time
than the current picture in display order.

pel: an alternate term for pixel.

picture: Source, coded or reconstructed image data. A source or reconstructed picture consists of three rectangular
matrices of 8-bit numbers representing the luma and two color-difference signals. For progressive video, a picture is
identical to a frame, while for interlaced video, a picture may refer to a frame, or the top field or the bottom field of the
frame depending on the context.

post-processing: Post-processing consists of two operations: deblocking and deringing. Decoder can use either one, or
both, of these operations to mitigate the effect of compression artifacts, and improve perceptual quality of video.

prediction: The use of a predictor to provide an estimate of the sample value or data element currently being decoded.
prediction error: The difference between the actual value of a sample or data element and its predictor.

prediction loop: The parts of the decoding process that have an effect in producing the reference frame(s) are said to
be part of the prediction loop; other parts of the decoding process are said to be outside the decoding loop.

previous entry-point: The closest entry-point that temporally precedes the current entry-point in the sequence.

profile: A defined subset of the syntax of the standard, with a specific set of coding tools, algorithms, and syntax
associated with it. There are three profiles: simple, main and advanced.

progressive: The property of frames where all the samples of the frame represent the same instance in time.

pull-back operation: An operation in which a motion vector, which points to a region entirely outside the frame
boundaries of a reference frame, is adjusted so that it points to a region which is at least partially inside the frame
boundaries .

pull-down: Pull-down is a process where frame rate is increased through frame or field replication, such as when 24-
frame-per-second film is expanded to 60-frame-per-second video. Compression efficiency can be improved by coding
only the unique frames and providing hints to the display process to re-create the original sequence.

guantize, quantization: A process in which the continuous range of values of an input signal is divided into non-
overlapping (but not necessarily equal) subranges, and a discrete, unique value is assigned to each subrange. A unique
index is generated to represent this value.

random access: A random access point in the bitstream is defined by the following guarantee: If decoding begins at
this point, all frames needed for display after this point will have no decoding dependency on any data preceding this
point, and are also present in the decoding sequence after this point. A random access point is also called an entry-point.

range mapping: The process of rescaling decoded pixel values in advanced profile. Luma and color-difference values
may be scaled differently, and the coefficients used for scaling are transmitted in the entry point header. This process is
outside the prediction loop, and is performed as the last stage in decoding. This technique can be used to reduce the
bitrate.

range reduction: The process of rescaling decoded pixel values in main profile. Luma and color-difference values are
scaled by a factor of 2, if range reduction is signaled for that picture. This process is part of the prediction loop. This
technique can be used to reduce the bit rate.

raw mode: A mode of bitplane coding in which the corresponding macroblock level information is coded as part of the
macroblock syntax, and not as part of the picture header.

reconstructed picture: A reconstructed picture is obtained by decoding a coded picture. A reconstructed picture is
either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed frame (when decoding a
field picture). If the coded picture is a field picture, then the reconstructed picture is the top field or the bottom field of
the reconstructed frame.

re-ordering delay: A delay in the decoding process that is caused by frame re-ordering.

repeat pad: The process of repeatedly padding the boundary pixels of the reference picture in the horizontal and
vertical direction to allow the motion vectors to point outside the frame boundary.
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repeat pad region: The region beyond the frame boundary of the reference picture which has been repeat padded with
boundary pixels.

rounding: The process of adjusting the bias before a division (or shift) operation.

run: The number of zero coefficients preceding a non-zero coefficient, in the scan order. The absolute value of the non-
zero coefficient is called "level".

sample aspect ratio: Specifies, for assisting the display process, the ratio between the intended horizontal distance
between the columns and the intended vertical distance between the rows of the luma sample array in a frame. Sample
aspect ratio is expressed as h:v, where h is horizontal width and v is vertical height (in arbitrary units of spatial
distance).

saturation: Limiting a value that exceeds a defined range by setting its value to the maximum or minimum of the range
as appropriate.

sequence: A coded representation of a series of one or more pictures. In the advanced profile, a sequence consists of a
series of one or more entry-point segments, where each entry-point segment consists of a series of one or more pictures,
and where the first picture in each entry-point segment provides random access. In the simple and main profiles, the
first picture in each sequence shall be an intra coded picture.

size of coded picture: The size (in number of bytes) of coded bitstream that represents one picture.
skipped macroblock: A macroblock for which no data are encoded.

skipped picture: A skipped picture is a P-picture that is identical to its reference picture.

slice: A consecutive series of macroblock rows in a picture, which are encoded as a single unit.
source; input: Term used to describe the video material or some of its attributes before encoding.

start codes (SC): 32-bit codes embedded in that coded bitstream that are unique, and identify the beginning of a BDU.
Start codes consist of a unique three-byte Start Code Prefix (SCP), and a one-byte Start Code Suffix (SCS).

stuffing bytes: Zero-byte code-words that may be inserted into the coded bitstream, before a start-code, and after
flushing bits, that are discarded in the decoding process. Their purpose is to increase the bitrate of the stream which
would otherwise be lower than the desired bitrate.

top field: One of two fields that comprise a frame. Each line of a top field is spatially located immediately above the
corresponding line of the bottom field.

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

variable-sized transform decoding: Technique where an 8x8 error block may be transformed using one 8x8
transform, or divided vertically and transformed with two 8x4 transforms or divided horizontally and transformed with
two 4x8 transforms, or divided into 4 quadrants and transformed with four 4x4 transforms.

variable length coding (VLC): A reversible procedure for coding that assigns shorter code-words to symbols of higher
probability and longer code-words to symbols of lower probability.

The acronym VLC also indicates a variable length code.
Video Codec 1 (VC-1): This is the name of the standard described here.

video buffering verifier (VBV): A hypothetical decoder that is conceptually connected to the output of the encoder. Its
purpose is to provide a constraint on the variability of the data rate that an encoder or editing process may produce.

video sequence: The highest syntactic structure of coded video bitstreams. It contains a series of one or more coded
frames.

zigzag scanning order: A specific sequential ordering of the transform coefficients from (approximately) the lowest
spatial frequency to the highest.
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4.13 Intermediate Variables

The following is a list of important intermediate variables that are used in the decoding process:

PQUANT: is the picture quantizer scale (step size) that is derived from the syntax element PQINDEX as defined in
7.1.1.6.

ALTPQUANT: is the alternate picture quantizer step size that is derived, from the syntax elements that are part of
VOPDQUANT, as defined in 7.1.1.31.

MQUANT: is the macroblock quantizer step size that is derived from the syntax elements PQUANT, ALTPQUANT,
MQDIFF and ABSMQ as defined in 7.1.3.4.

RND: is the variable used for rounding control and is derived as defined in 8.3.7.

CodedWidth: is the width of the coded frame, and derived from entry point header (6.2.13.1) or sequence header
(6.1.6) in advanced profile, and derived from meta-data element HORIZ SIZE (Annex J.1.3) in simple/main profile.

CodedHeight: is the height of the coded frame, and derived from entry point header (6.2.13.2) or sequence header
(6.1.7) in advanced profile, and derived from meta-data element VERT SIZE (Annex J.1.4) in simple/main profile.

4.14 Acronym Definitions

The following acronyms are commonly used.
BDU: Bitstream Data Unit.

BDU: Coded Block Pattern.

CBPCY: Coded Block Pattern of Color-difference and Luma blocks.
FCM: Frame Coding Mode.

HRD: Hypothetical Reference Decoder.
ITrans: Inverse Transform.

LSB: Least Significant Bit.

MB: MacroBlock.

MSB: Most Significant Bit.

MV: Motion Vector.

NA: Not Applicable.

RLD: Run Length Decode.

SC: Start Code.

Trans: Transform.

VBV: Video Buffering Verifier.

VLC: Variable Length Code.

VLD: Variable Length Decoding.
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4.15 Guide to Interpreting Syntax Diagrams and Syntax Elements

A guide for interpretation of the diagrams 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

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

3. Syntax elements shown with square-edged boundaries indicate fixed-length syntax elements; those with rounded
boundaries indicate variable-length syntax elements and those with a rounded boundary within an outer rounded
boundary indicate a syntax element made up of simpler syntax elements which are elaborated on in another section.

4. A fixed-length syntax element is defined to be a syntax element for which the length of the syntax element is not
dependent on the data in the content of the syntax element itself. The length of this syntax element is either always
the same, or is determined by the prior data in the syntax flow.

The term "layer" is used to refer to any part of the syntax that may be understood and diagrammed as a distinct entity.
The next-lower layer element in a layer diagram is indicated by a rectangle within a rectangle.

It is often convenient to denote the elements in binary representation. To avoid confusion with decimal representation,
whenever a number is expressed in binary format, a suffix of lower case 'b' is used.

Unless specified otherwise, the most-significant bit is transmitted first. This is bit 1 and is the leftmost bit in the code
tables in this document. Unless specified otherwise, all unused or spare bits are set to "0". All values of syntax not
explicitly defined in this document are SMPTE reserved for future use.

5 Picture Sampling and Overall Bitstream Structure

5.1 Introduction

There are two fundamental sampling structures: progressive and interlaced. The progressive sampling structure assumes
a single time interval over which all samples of the frame are acquired. The interlaced sampling structure assumes that
odd sample rows are acquired within one time interval and the even sample rows are acquired within a different time
interval. An example of these sampling structures can be found in ITU-R BT.601-5 and ITU-R BT.709-5.

5.2 Progressive Coding Mode
5.2.1 Input/output Format

Picture sampling shall be made in the Y, Cy, C; color model with 4:2:0 sampling. Figure 7 below shows the Y, C,, C,
4:2:0 sampling grid, which is the input/output format. The figure also shows the spatial relationship between the luma
and color-difference samples.
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Figure 7: 4:2:0 Luma and color-difference sample horizontal and vertical positions

Note: Many interfaces operate using 4:2:2 and 4:4:4 sampling. For such interfaces, a sample down-converter will be
required prior to the encoder and a sample up-converter following the decoder. The down/up converters required for
interfaces using 4:2:2 and 4:4:4 sampling do not form part of this standard.

5.2.2 Hierarchical Elements

The bitstream syntax consists of the hierarchical layers: sequence, entry-point, picture, slices, macroblocks (MB), and
blocks. In the advanced profile, entry-point layer shall be present between the sequence and picture layers to signal a
random access point in the bitstream. Further, in the advanced profile, an optional slice layer may be present between
the picture layer and the macroblock layer. A slice contains one or more contiguous rows of macroblocks in their
original left-to-right order. A slice shall begin at the first macroblock of a row, and end at the last macroblock of the
same or another row. The entry-point and slice layers are present only in advanced profile.

Figure 8 illustrates the picture, macroblock, slice and block layers.
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Figure 8: Coding Hierarchy showing Picture, Slice, Macroblock and Block layers

5.3 Interlace Coding Mode
5.3.1 Input/Output Format for 4:2:0 Interlace

Interlaced picture sampling shall be made in the Y, Cy, C; color model with 4:2:0 sampling. Figure 7 shows the spatial
relationship between the luma and color-difference samples in the Y, Cy, C; 4:2:0 interlaced format. Figure 9 shows
the relationship between vertical sample position and sampling time instant. The vertical axis in the figure corresponds
to the vertical axis in the frame, and the horizontal axis in the figure corresponds to the temporal axis. Each frame is
represented with an “edge-on” view. Note that Figure 9 does not show the spatial relationship between horizontal and
vertical sampling positions.
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Figure 9: 4:2:0 Luma and color-difference temporal and vertical sample positions shown relative to sampling
time instant
(where from left to right is shown a top field, bottom field, top field, and bottom field)

5.4 Frame Ordering

Dependence of B frames on temporally past and future anchor I or P frames dictates the ordering of coded and
displayed frames. The following rules shall apply to the ordering of frames in a VC-1 bitstream:
1. A frame in a VC-1 bitstream shall be entirely decodable from the information contained in the current and
previously coded frames.
2. The display or output order of frames in a VC-1 bitstream shall be identical to the coded order when B frames
are not indicated in the bitstream.
3. The display or output order of frames in a VC-1 bitstream shall be different from the coded order when B
frames are indicated in the bitstream (whether or not they are actually present), as follows:
a. B frames shall be output or displayed in the same order as they are encoded.
b. Anchor (I and P) frames shall be output or displayed at the sequence slot of the subsequently coded
anchor frame. Therefore, there shall be no output frame at the first coded instant. The last coded
anchor frame shall be displayed subsequent to the last coded frame.

These rules are illustrated in Table 2:

Table 2: Frame Ordering Rules for bitstreams containing B-pictures

Input (coded) order Output (display) order
No B frames 10 P1 P2 P3 I4.. 10 P1 P2 P3 14...
B frames indicated I0 P1 P2 P3 I4... X 10 PI P2 P3 I4..
B frames indicated 10 P1 P2 B3 B4 P5.. X 10 Pl B3 B4 P2..
B frames indicated ... P6 B7 B8 <end> ... Pn B7 B8 P6 <end>
B frames indicated ... P6 B7 B8 P9 <end> ... Pn B7 B8 P6 P9 <end>
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Pn represents the “n”th P picture, where the value of n is inferred from the context. X represents the absence of an
output (display) picture.

Note: On the encoder side, the input frames may be reordered prior to coding so as to ensure that the decoded order is
identical to the input order, subject to a constant offset. Typically, this offset is equal to the maximum number of B
frames in the sequence.

5.5 Constraints

5.5.1 Minimum and maximum frame sizes

For progressive frames, the frame height and frame width shall be a multiple of 2. For interlaced frames, the frame
height shall be a multiple of 4, and the frame width shall be a multiple of 2. The maximum dimensions of the frame are
limited by the target profile and level of the bitstream as listed in Annex D. For more details on internal representation
of frames, and handing of frame dimensions which are not multiples of 16, see Annex K.2.

5.5.2 Maximum size of compressed bits

The data size corresponding to any macroblock row shall not exceed the greater of: (i) 6144 bits, or (ii) 1536 bits times
the number of macroblocks in the horizontal direction.

Compressed data corresponding to a macroblock row is defined to contain all the contiguous entropy coded information
required to decode the entire row of macroblocks, subject to availability of causal information from the preceding
macroblock row, and frame, field or slice-level header data. Therefore, the macroblock row contains — besides the
coded transform coefficients — motion vectors, and macroblock header elements such as the coded block pattern and
field/frame coding type.

If the macroblock information (such as 1/4MV) is coded as part of the frame header (as a bitplane), the bits used for this
information are outside of the constraint. Instead, if this information is coded as part of the macroblock layer syntax,
bits used in coding this information are to be included in the macroblock row size calculation.

Slice header information, where present, is not included in the calculation of the macroblock row data size. Any zero-
valued stuffing bytes, and start-codes, are also not included in the macroblock row data size.

The following three examples illustrate this constraint:

Example 1 — Frame size 300x200, coded as progressive: Number of horizontal macroblocks is ceil(300/16) =
19. Maximum compressed data size of macroblock row = max(6144, 19x1536) =29184 bits.

Example 2 — Frame size 720x480, coded as interlace: Number of horizontal macroblocks is ceil(720/16) =
45. Maximum compressed data size of macroblock row = max(6144, 45x1536) = 69120 bits.

Example 3 — Frame size 4040, coded as progressive: Number of horizontal macroblocks is ceil(40/16) = 3. Maximum
compressed data size of macroblock row = max(6144, 3x1536) = 6144 bits.

5.5.3 Bitstream Construction Constraints

The first frame in a bitstream conformant to either the simple profile or the main profile shall be an I frame. A bitstream
conformat to the advanced profile shall be subject to the constraints described in Annex G.

6 Sequence And Entry-Point Bitstream Syntax and Semantics

The bitstream syntax and semantics of the sequence and entry-point layer of the advanced profile are described in this
section.
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In the simple and main profiles, the sequence-related metadata shall be communicated to the decoder by the transport
layer or other means. Annex J defines the syntax and semantics of this metadata required for the decoder. Note: For an
example of a sequence-level parameter transport, see SMPTE RP 227.

6.1 Sequence-level Syntax and Semantics

A sequence-level header contains sequence-level parameters used to decode the sequence of compressed pictures.

In the advanced profile, the sequence-related metadata is part of the video data bitstream and the syntax and semantics
are defined in this section. The presence of this sequence metadata is subject to the rules defined in Annex G. Figure 10
shows the bitstream elements that make up the sequence header for the advanced profile and Table 3 defines the
bitstream syntax.
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Figure 10: Syntax diagram for the sequence layer bitstream for the Advanced Profile

Video Codec VC-1

The following table shows the syntax elements of the sequence layer used for the advanced profile. This structure is not

present for simple and main profiles.

Table 3: Sequence layer bitstream for Advanced Profile

SEQUENCE LAYER() { Number of bits Descriptor Reference
PROFILE 2 uimsbf 6.1.1
LEVEL 3 uimsbf 6.1.2
COLORDIFF_FORMAT 2 uimsbf 6.1.3
FRMRTQ_POSTPROC 3 uimsbf 6.1.4.1
BITRTQ_POSTPROC 5 uimsbf 6.1.4.2
POSTPROCFLAG 1 uimsbf 6.1.5
MAX_CODED_WIDTH 12 uimsbf 6.1.6
MAX_CODED_HEIGHT 12 uimsbf 6.1.7
PULLDOWN 1 uimsbf 6.1.8
INTERLACE 1 uimsbf 6.1.9
TFCNTRFLAG 1 uimsbf 6.1.10
FINTERPFLAG 1 uimsbf 6.1.11
RESERVED 1 uimsbf 6.1.12
PSF 1 uimsbf 6.1.13
DISPLAY_EXT 1 uimsbf 6.1.14
if (DISPLAY EXT ==1) {

DISP_HORIZ_SIZE 14 uimsbf 6.1.14.1
DISP_VERT_SIZE 14 uimsbf 6.1.14.2
ASPECT_RATIO_FLAG 1 uimsbf 6.1.14.3
if (ASPECT_RATIO FLAG == 1) {
ASPECT_RATIO 4 uimsbf 6.1.14.3.1
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if (ASPECT RATIO == ‘15") {

ASPECT_HORIZ_SIZE 8 uimsbf 6.1.14.3.2
ASPECT_VERT_SIZE 8 uimsbf 6.1.14.3.3
H
H
FRAMERATE_FLAG 1 uimsbf 6.1.14.4
if FRAMERATE FLAG == 1) {
FRAMERATEIND 1 uimsbf 6.1.14.4.1
if (FRAMERATEIND == 0) {
FRAMERATENR 8 uimsbf 6.1.14.4.2
FRAMERATEDR 4 uimsbf 6.1.14.4.3
} else {
FRAMERATEEXP 16 uimsbf 6.1.14.4.4
H
H
COLOR_FORMAT_FLAG 1 uimsbf 6.1.14.5
if (COLOR_FORMAT FLAG ==1) {
COLOR_PRIM 8 uimsbf 6.1.14.5.1
TRANSFER_CHAR 8 uimsbf 6.1.14.5.2
MATRIX_COEF 8 uimsbf 6.1.14.5.3
H
}
HRD_PARAM_FLAG 1 uimsbf 6.1.15
if (HRD PARAM_FLAG == 1) {
HRD PARAM() 6.1.15.1
H
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6.1.1 Profile (PROFILE)(2 bits)

PROFILE is a 2-bit syntax element that specifies the profile used to encode the sequence, and shall be set to 3 to
indicate advanced profile. The values 0, 1, and 2 are SMPTE Reserved. The SMPTE reserved values may be used in
future to define additional profiles. The relation of profiles to coding tools is defined in Annex D.

6.1.2 Level (LEVEL)(3 bits)

LEVEL is a 3-bit syntax element and specifies the encoding level for the clip in the advanced profile. The codes that
are used to signal the levels in the advanced profile shall be as defined in Table 4.

Table 4: Meaning of LEVEL syntax element

LEVEL Meaning

000 Level 0

001 Level 1

010 Level 2

011 Level 3

100 Level 4

101-111 SMPTE Reserved

6.1.3 Color-Difference Format (COLORDIFF_FORMAT) (2 bits)

The COLORDIFF_FORMAT syntax element is a 2-bit syntax element that indicates the color-difference/luma format
used to represent each picture. The formats shall be as defined in Table 5.

Table 5: Meaning of COLORDIFF_FORMAT syntax element

COLORDIFF_FORMAT Format
0 SMPTE Reserved
1 4:2:0
2 SMPTE Reserved
3 SMPTE Reserved

Only the value 1 corresponding to format 4:2:0 is permitted for this field. All other values are SMPTE Reserved.

6.1.4 Post processing Indicators

The post-processing indicators, described in section 6.1.4.1 and 6.1.4.2 provide a mechanism which may be used to
control the post-processing operation. The pseudo-code in Table 6, defines the decoding procedure for post-processing
indicators. Annex 1.6 describes a mechanism for controlling post-processing using the post-processing indicators.

6.1.4.1 Quantized Frame Rate for Post processing Indicator (FRMRTQ_POSTPROC)(3 bits)

FRMRTQ POSTPROC is a 3-bit syntax element that signals the (quantized) frame rate information as described in
Table 6.
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6.1.4.2 Quantized Bit Rate for Post processing Indicator (BITRTQ_POSTPROC)(5 bits)
BITRTQ POSTPROC is a 5-bit syntax element that signals the (quantized) bit rate information as described in Table 6.

Table 6: Decoding Procedure for Post-processing Indicators in Advanced Profile

if FRMRTQ POSTPROC == 0) && (BITRTQ POSTPROC == 31) {

Postprocessing indicators for Frame Rate and Bit Rate are undefined

H

else if (FRMRTQ POSTPRC == 0) && (BITRTQ POSTPROC == 30)) {

“frame rate” is around 2 frames/second

“bit rate” is around 1952 kbps or more

}

else if (FRMRTQ POSTPROC == 1) && (BITRTQ POSTPROC == 31)) {

“frame rate” is around 6 frames/second

“bit rate” is around 2016 kbps or more

}

else {

if FRMRTQ POSTPROC ==7) {

“frame rate is around 30 frames/second or more

}
else {

“frame rate is around “(2+FRMRTQ_POSTPROC*4)” frames/second
}

if (BITRTQ_POSTPROC == 31) {

“bit rate” is around 2016 kbps or more

}
else {

“bit rate” is around “(32 + BITRTQ_POSTPROC * 64)” kbps
}

Private SMPTE Committee Document: Not for Publication 34



Committee Draft: Video Codec VC-1

6.1.5 Postprocessing Flag (POSTPROCFLAG) (1 bit)

POSTPROCFLAG is a 1-bit syntax element that shall indicate whether syntax element POSTPROC is present in
picture headers.

6.1.6 Maximum Horizontal Size of Picture (MAX_CODED_WIDTH)(12 bits)

MAX CODED_WIDTH specifies the maximum horizontal size of the coded picture within the sequence in units of
pixels. This syntax element shall be a 12-bit binary encoding of size. The maximum horizontal size of the picture shall
be equal to the value of this field multiplied by 2, plus 2. The horizontal size of the coded picture may change at an
entry point and shall be less than, or equal to, MAX CODED_ WIDTH.

6.1.7 Maximum Vertical Size of Picture (MAX_CODED_HEIGHT)(12 bits)

MAX CODED _ HEIGHT specifies the maximum vertical size of the coded picture within the sequence in units of
pixels. This syntax element shall be a 12-bit binary encoding of sizes. The maximum vertical size of the picture shall be
equal to the value of this field multiplied by 2, plus 2. The vertical size of the coded picture may change at an entry
point and shall be less than, or equal to, MAX CODED_HEIGHT.

Note: The maximum vertical size of the coded picture is also subject to the constraints specified in 5.5.1.

6.1.8 Pulldown Flag (PULLDOWN) (1 bit)

PULLDOWN is a 1-bit syntax element that shall indicate if the syntax elements RPTFRM, or TFF and RFF are present
in picture headers. If PULLDOWN == 0, these syntax element shall not be present. [f PULLDOWN == 1, the presence
of these syntax elements is defined in 7.1.1.17, 7.1.1.18 and 7.1.1.19.

6.1.9 Interlace Content (INTERLACE) (1 bit)

INTERLACE is a 1-bit syntax element. The individual frames may be coded using the progressive or interlace syntax
when INTERLACE = 1. If INTERLACE = 0, pictures shall be coded as single frames using the progressive syntax.

6.1.10 Frame Counter Flag (TFCNTRFLAG) (1 bit)

TFCNTRFLAG is a 1-bit syntax element. TFCNTRFLAG = 1 indicates that the syntax element TFCNTR shall be
present in the advanced profile picture headers. TFCNTRFLAG = 0 indicates that TFCNTR shall not be present in the
picture header.

6.1.11 Frame Interpolation Flag (FINTERPFLAG)(1 bit)

FINTERPFLAG is a 1-bit syntax element that indicates if the syntax element INTERPFRM is present in the picture
header. If FINTERPFLAG = 1, then INTERPFRM shall be present in picture headers. If FINTERPFLAG = 0, then
INTERPFRM shall not be present in picture headers.

6.1.12 Reserved Advanced Profile Flag (RESERVED)(1 bit)
RESERVED is a 1-bit syntax element and shall be set to 1. The value 0 is SMPTE Reserved.

6.1.13 Progressive Segmented Frame (PSF)(1 bit)

PSF is a 1-bit syntax element. If PSF = 1, the video source was Progressive Segmented Frame (PsF), and the display
process should treat the decoded frames (field-pairs) as progressive. If PSF = 0, the display process may treat the
decoded frames (field-pairs) according to the value of the INTERLACE syntax element.
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6.1.14 Display Extension Flag (DISPLAY_EXT) (1 bit)

DISPLAY EXT is a 1-bit syntax element. If DISPLAY EXT = 1 then DISP HORIZ SIZE, DISP VERT SIZE, and
ASPECT _RATIO _FLAG shall be present in the sequence header. If DISPLAY EXT = 0, then these elements shall not
be present.

6.1.14.1 Horizontal Display Size of Picture (DISP_HORIZ_SIZE)(14 bits)

DISP_HORIZ SIZE is a 14-bit syntax element that shall be present only if DISPLAY EXT is 1. It specifies the
horizontal display size of the picture in pixels. This syntax element is a 14-bit unsigned binary value representing (size-
1), and may represent sizes ranging from 1 to 16384.

Note: The horizontal display size is not used for decoding, but is used during display.

6.1.14.2 Vertical Display Size of Picture (DISP_VERT_SIZE)(14 bits)

DISP_VERT SIZE is a 14-bit syntax element that shall be present only if DISPLAY EXT is 1. It specifies the vertical
display size of the picture in pixels. This syntax element is a 14-bit unsigned binary value representing (size-1), and
may represent sizes ranging from 1 to 16384.

Note: DISP_VERT SIZE is not used for decoding, but is used for display.

6.1.14.3 Sample Aspect Ratio Indicator Flag (ASPECT_RATIO_FLAG)(1 bit)

ASPECT RATIO FLAG is a 1-bit syntax element that shall be present only if DISPLAY EXT = 1. If
ASPECT RATIO FLAG = 1, the syntax element ASPECT RATIO shall be present. If ASPECT RATIO FLAG =0,
the syntax element ASPECT RATIO shall not be present.

6.1.14.3.1 Sample Aspect Ratio (ASPECT_RATIO)(4 bits)

ASPECT _RATIO is a 4-bit syntax element that shall be present only if the ASPECT RATIO FLAG = 1 and
DISPLAY EXT = 1. ASPECT RATIO specifies the encoded sample aspect ratio for the sequence. If
ASPECT RATIO takes the value ‘15, the syntax elements ASPECT HORIZ SIZE and ASPECT VERT SIZE shall
be present.

Note: The sample aspect ratio is often referred to as the pixel aspect ratio.

The value of the sample aspect ratio for each value of the ASPECT RATIO syntax element shall be as defined in Table
7.

Table 7: Meaning of ASPECT_RATIO syntax element
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ASPECT_RATI Sample Aspect Ratio (Informative) Examples of Use
@]
0 Unspecified
1 1:1 1280x720 16:9 frame without overscan
(“square”™) Coded Image 1920x1088 Source Image 1920x1080 16:9 frame
without overscan
640x480 4:3 frame without overscan
2 12:11 Coded Image 704x576 Source Image 720x576
(4:3 frame with horizontal overscan)
352x288 4:3 frame without overscan
3 10:11 Coded Image 704x480 Source Image 720x486
(4:3 frame with horizontal overscan)
352x240 4:3 frame without overscan
4 16:11 Coded Image 704x576 Source Image 720x576 (16:9 frame with
horizontal overscan)
540x576 4:3 frame with horizontal overscan
5 40:33 Coded Image 704x480 Source Image 720x486 (16:9 frame with
horizontal overscan)
Coded Image 528x480 Source Image 540x486
4:3 frame with horizontal overscan
6 24:11 352x576 4:3 frame without overscan
480x576 16:9 frame with horizontal overscan
7 20:11 352x480 4:3 frame without overscan
480x480 16:9 frame with horizontal overscan
8 32:11 352x576 16:9 frame without overscan
9 80:33 352x480 16:9 frame without overscan
10 18:11 480x576 4:3 frame with horizontal overscan
11 15:11 480x480 4:3 frame with horizontal overscan
12 64:33 Coded Image 528x576 Source Image 540x576 16:9 frame with
horizontal overscan
13 160:99 Coded Image 528x480 Source Image 540x486 16:9 frame with
horizontal overscan
14 SMPTE Reserved
15 Aspect width and height
transmitted.

Note: For those entries in Table 7 that indicate "with horizontal overscan" in the Examples of Use column, the active
image area is not expected to fill all of the active pixels on each line. Consequently, the calculation of aspect ratio
given in the sample aspect ratio column is based on the coded picture area and cannot be determined directly from the
ratio of the size values of the overall pixel matrix. Rather, the aspect ratio is determined from the coded picture area.

6.1.14.3.2  Aspect Width (ASPECT_HORIZ_SIZE)(8 bits)

ASPECT HORIZ SIZE is an 8-bit syntax element that shall be present only if ASPECT RATIO FLAG = 1,
ASPECT _RATIO = ‘15’,and DISPLAY_ EXT = 1. ASPECT_HORIZ_SIZE specifies the horizontal aspect size of the
sample. This syntax element shall be a binary encoding of sizes ranging from 1 to 256.

6.1.14.3.3 Aspect Height (ASPECT_VERT_SIZE)(8 bits)
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ASPECT VERT SIZE is an 8-bit syntax element that shall be present only if ASPECT RATIO FLAG = 1,
ASPECT RATIO = ‘15°, and DISPLAY EXT = 1. ASPECT VERT SIZE specifies the vertical aspect size of the
sample. This syntax element shall be a binary encoding of sizes ranging from 1 to 256. The sample aspect ratio is
defined as the ratio of ASPECT _HORIZ SIZE to ASPECT VERT SIZE.

6.1.14.4 Frame Rate Flag (FRAMERATE_FLAG)(L bit)

The syntax element FRAMERATE FLAG is a 1-bit syntax element that shall be present only if DISPLAY EXT = 1. If
FRAMERATE FLAG = 1, the syntax element FRAMERATEIND shall be present. If FRAMERATE FLAG = 1,
frame rate information may be obtained from subsequent syntax elements. [f FRAMERATE FLAG = 0, the syntax
element FRAMERATEIND shall not be present. In this case, the display process may rely on the underlying
synchronization layer (such as the presentation time stamp in an MPEG-2 transport stream) to estimate the frame rate.

Note: If the video sequence is signaled as progressive (either implicitly as when the PROFILE syntax element takes the
value corresponding to simple or main profile, or explicitly as when the PROFILE syntax element is set to advanced
profile and the INTERLACE syntax element is set to zero), the period between two successive frames at the output of
the decoding process is the reciprocal of the frame rate indicated by the FRAMERATE syntax element. If the video
sequence is signaled as interlace, the period between two successive fields at the output of the decoding process is half
the reciprocal of the frame rate indicated by the FRAMERATE syntax element.

6.1.14.4.1 Frame Rate Indicator (FRAMERATEIND)(1 bit)

The syntax element FRAMERATEIND is a 1-bit syntax element that shall be present only if FRAMERATE FLAG =1
and DISPLAY EXT = 1. If FRAMERATEIND = 1, the frame rate shall be signaled explicitly by a 16 bit
FRAMERATEEXP field. If FRAMERATEIND = 0, the frame rate shall be signaled by a numerator field
(FRAMERATENR) and a denominator field (FRAMERATEDR), and the ratio of the two fields shall be taken to be the
frame rate.

6.1.14.4.2 Frame Rate Numerator (FRAMERATENR)(8bits)

The syntax element FRAMERATENR is an 8-bit syntax element that shall be present only if FRAMERATEIND = 0
and FRAMERATE FLAG = 1 and DISPLAY EXT = 1. FRAMERATENR indicates the frame rate numerator of the
encoded video sequence. The FRAMERATENR syntax element shall be as defined in Table 8.

Table 8: Meaning of FRAMERATENR syntax element

FRAMERATENR Value of Frame Rate Numerator
0 Forbidden

1 24 * 1000

2 25 * 1000

3 30 * 1000

4 50 * 1000

5 60 * 1000

6 48 * 1000

7 72 * 1000

8-255 SMPTE Reserved

6.1.14.4.3 Frame Rate Denominator (FRAMERATEDR)(4 bits)

The syntax element FRAMERATEDR is a 4-bit syntax element that shall be present only if FRAMERATEIND = 0 and
FRAMERATE FLAG = 1 and DISPLAY_ EXT = 1. FRAMERATEDR indicates the frame rate denominator of the
encoded video sequence. The FRAMERATEDR syntax element shall be as defined in Table 9.
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Table 9: Meaning of FRAMERATEDR syntax element

FRAMERATEDR Value of Frame Rate Denominator
0 Forbidden

1 1000

2 1001

3-15 SMPTE Reserved

6.1.14.4.4 Frame Rate Explicit (FRAMERATEEXP)(16bits)

The syntax element FRAMERATEEXP is a 16-bit syntax element that shall be present only if FRAMERATEIND = 1
and FRAMERATE FLAG =1 and DISPLAY_ EXT = 1. FRAMERATEEXP explicitly indicates the frame rate of the
encoded video sequence. This syntax element shall be an encoding of frame rate ranging from 0.03125 Hz to 2048 Hz
in uniform steps of 0.03125 Hz which shall be defined as follows:

frame rate = (FRAMERATEEXP + 1) / 32.0 Hz.

6.1.14.5 Color Format Indicator Flag (COLOR_FORMAT_FLAG)(1 bit)

COLOR _FORMAT FLAG is a 1-bit syntax element that shall be present only if DISPLAY EXT = 1. If
COLOR _FORMAT FLAG = 1, the syntax elements COLOR_PRIM, TRANSFER CHAR and MATRIX COEF shall
be present. These syntax elements may be used to derive color format information, such as Color Primaries, Transfer
Characteristics, and Matrix Coefficients. If COLOR_FORMAT FLAG = 0, no color format information is present in
the bitstream, and these syntax elements shall be set to the default values specified below.

6.1.14.5.1 Color Primaries (COLOR_PRIM)(8 bits)

COLOR_PRIM is an 8-bit syntax element that shall be present only if COLOR FORMAT FLAG = 1 and
DISPLAY EXT = 1. COLOR PRIM describes the chromaticity coordinates of the color primaries. The
COLOR_PRIM syntax element shall be as defined in Table 10 indicating the technical specifications where the
chromaticity coordinates are specified. The default value is 1, ITU-R BT. 709-5.
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Table 10: Meaning of COLOR_PRIM syntax element

COLOR PRIM Color Primaries Specification

0 Forbidden

ITU-R BT.709-5, SMPTE 274M-2005, ITU-R
BT.1361 (Conventional Color Space), and
SMPTE296M-1997

primary X y

green 0.300 0.600
blue 0.150 0.060
red 0.640 0.330

white (CIE D65) 0.3127 0.3290

Unspecified color primaries

2

3.4 SMPTE Reserved

5 ITU-R BT.1700 Part B -625 PAL.
primary X y
green 0.29 0.60
blue 0.15 0.06
red 0.64 0.33
white (CIE D65) 0.3127 0.3290

6 SMPTE C Primaries from ITU-R BT.1700 Part B —
525 PAL. Used in SMPTE 293M-1996.
primary X y
green 0.310 0.595
blue 0.155 0.070
red 0.630 0.340
white (CIE D65) 0.3127  0.3290

7-255 SMPTE Reserved

6.1.14.5.2 Transfer Characteristics (TRANSFER_CHAR)(8 bits)

TRANSFER CHAR is an 8-bit syntax element that shall be present only if COLOR FORMAT FLAG = 1 and
DISPLAY_EXT = 1. TRANSFER CHAR describes the opto-electronic transfer characteristics of the source picture.
The TRANSFER CHAR syntax element shall be as defined in Table 11, indicating the technical specification where
the transfer characteristics are specified. The default value is 1, ITU-R BT.709-5.

Private SMPTE Committee Document: Not for Publication 40



Committee Draft: Video Codec VC-1

Table 11: Meaning of TRANSFER_CHAR syntax element

TRANSFER CHAR

Transfer Characteristics Specification

0 Forbidden
1 ITU-R BT.709-5, SMPTE 274M-2005, SMPTE
296M-1997, SMPTE 293M-1996
V=1.099L045-0.099 for 1>=L,>=0.018
V=4.500L. for 0.018 >L.>=0
2 Unspecified Transfer Characteristics
3 SMPTE Reserved
4 ITU-R BT. 470-6, System M/NTSC,
Assumed display gamma 2.2
5 ITU-R BT. 1700 Part B and Part C.
Assumed display gamma 2.8
6 ITU-R BT.1700 Part A.
V=1.099 L,045-0.099 for 1>=L,>=0.018
V =4.500L, for 0.018 >L.>=0
7 SMPTE Reserved
8 ITU-R BT.1361 (Conventional Color Space)
V = 1.099L.* — 0.099 for 0.018 <= L, <
1.33
V=4.50L, for -
0.0045 <=L.<0.018
V=-{1.099(-4L,)"*-0.099}/4 _ for -0.25 <= L. <-0.0045
9-255 SMPTE Reserved

6.1.14.5.3 Matrix Coefficients (MATRIX_COEF)(8 bits)

MATRIX COEF is an 8-bit syntax element that shall be present only if COLOR FORMAT FLAG = 1 and
DISPLAY EXT = 1. MATRIX COEF describes the matrix coefficients used to derive Y, C,, C; signals from the
color primaries. The MATRIX COEF syntax element shall be as defined in Table 12, indicating the technical

specification where the matrices are specified. The default value is 6, ITU-R BT. 601-5.

Table 12: Meaning of MATRIX_COEF syntax element
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MATRIX COEF

Matrix Coefficients Specification

0 Forbidden

1 ITU-R BT.709-5 (1125/60/2:1 only), SMPTE
274M-2005 and SMPTE 296M-1997, ITU-R
BT.1361 (Conventional Color Space).
Kg =0.2126; Kz =0.0722

2 Unspecified Matrix

3-5 SMPTE Reserved

6 ITU-R BT.1700, ITU-R BT.601-5, and SMPTE
293M-1996.
Kr=10.299; Kg=0.114

7-255 SMPTE Reserved

The interpretation of matrix coefficients shall be defined as follows:

Ey=Kr*ERr+(1-Kr—Kg) *E'c+Kg*E’s

E’pB =05* (E,B - E’Y) - (1 - KB)
E'rr=0.5* (E'r—E'v) + (1 = Kg)

— E'y is analogue with values between 0 and 1;

— E'pg and E'pg are analog between the values — 0.5 and 0.5;

— E'r, E'g and E'p are analog with values between 0 and 1;

-Y, G, C; are related to E'y, E'pg and E'pg by the following formulae: Y = (219 * E'y) + 16, C, = (224 * E'pp) + 128, C;

= (224 * E'p) + 128.

Note: The decoding process given by this specification limits output sample values for Y, Cy, C; to the range [0:255].
Thus, sample values outside the range implied by the above equations may occasionally occur at the output of the

decoding process. In particular the sample values 0 and 255 may occur.

6.1.15 Hypothetical Reference Decoder Indicator Flag (HRD_PARAM_FLAG)(1 bit)

The HRD_PARAM _ FLAG is a 1-bit flag that indicates the presence of HRD PARAM parameters in the bitstream. If
this HRD PARAM FLAG = 0, HRD parameters shall not be present. f HRD PARAM FLAG = 1, syntax elements of
the HRD shall be present as detailed in 6.1.15.1.

6.1.15.1 Hypothetical Reference Decoder (HRD_PARAM)(Variable size)

The HRD PARAM structure shall be present only if HRD PARAM FLAG = 1. The syntax elements that make up

the HRD PARAM structure shall be as defined in Table 13, and as defined below.

See Annex C for additional details on the semantics and use of these syntax elements.

Table 13: Syntax elements for HRD_PARAM structure
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HRD PARAM() Number of Bits Descriptor
{
HRD_NUM_LEAKY_BUCKETS 5 uimsbf
BIT_RATE_EXPONENT 4 uimsbf
BUFFER_SIZE_EXPONENT 4 uimsbf

for(n=1; n <= HRD NUM_LEAKY BUCKETS; n++)

{

HRD_RATE[n] 16 Uimsbf

HRD_BUFFER[n] 16 uimsbf

HRD_NUM_LEAKY_BUCKETS — Shall be a number between 0 and 31 that specifies the number of leaky buckets
N. The value of N shall be encoded as a fixed length code in binary using 5 bits, i.e., the number of leaky buckets N =
(HRD_NUM_LEAKY_BUCKETS)

HRD_RATE[n] and BIT_RATE_EXPONENT — These syntax elements define the peak transmission rate R, in bits
per second for the nth leaky bucket. The mantissa of R, shall be encoded in the syntax element HRD RATE[n] using a
fixed-length code of 16 bits, and has the range from 1 to 2'® . The base-2 exponent of R, shall be encoded in the
syntax element BIT RATE EXPONENT in fixed length using 4 bits , and shall take the range from 6 to 21.

Thus, Rn — (HRD_RATE[I’I] + 1) * 0 (BlT_RATE_EXPONENTJrG).
The rates shall be ordered from smallest to largest, i.e., HRD RATE[n] < HRD RATE[n+1].

HRD_BUFFER[n] and BUFFER_SIZE_EXPONENT - These syntax elements define the buffer size B, in bits for
the nth leaky bucket. The mantissa of B, shall be encoded in the syntax element HRD BUFFER[n], using a fixed length
code of 16 bits, and has the range 1 to 2'®. The value of the base-2 exponent of B, shall be encoded in the syntax
element BUFFER _SIZE EXPONENT using a fixed length of 4 bits, and shall take the range from 4 to 19.

Thus, B, = (HRD_BUFFER[n] + 1) * 2 (BUFFER_SIZE_EXPONENT +4)
The buffer sizes shall be ordered from largest to smallest, i.e., HRD BUFFER[n] >= HRD BUFFER[n+1].

6.2 Entry-Point Header Syntax and Semantics

An entry-point header shall be present only in advanced profile. The entry point has two purposes.

First, it shall be used to signal a random access point within the bitstream. See 4.12 for the definition of random
access. An entry point guarantees that subsequent pictures can be decoded starting from the entry point.

Second, it shall be used to signal changes in the coding control parameters. An entry-point header contains syntax
elements specifying the buffer fullness of the HRD leaky bucket and it contains coding control parameters that are
used to signal which compression tools are enabled for the entry point segment.

The syntax elements that make up the entry-point layer shall be as defined in Figure 11, and Table 14. The use of the
entry-point header is defined in Annex G.
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SN

BROKEN_LINK

I (Cororaress))

CLOSED_ENTRY |
! !

PANSCAN_FLAG CODED_SIZE_FLAG
REFDIST_FLAG CODED_WIDTH

CODED_HEIGHT
LOOPFILTER
FASTUVMC ;

l EXTENDED_DMV
EXTENDED_MV —
A 4
l RANGE_MAPY_FLAG
DQUANT ﬁ
l RANGE_MAPY
VSTRANSFORM ————————
A 4
l RANGE_MAPUV_FLAG
OVERLAP ﬁ
l RANGE_MAPUV
QUANTIZER |

v

Figure 11: Syntax diagram for the entry-point layer bitstream for the Advanced Profile
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Table 14: Entry-point layer bitstream for Advanced Profile

ENTRYPOINT LAYER() { Number of bits Descriptor Reference
BROKEN_LINK 1 uimsbf 6.2.1
CLOSED_ENTRY 1 uimsbf 6.2.2
PANSCAN_FLAG 1 uimsbf 6.2.3
REFDIST_FLAG 1 uimsbf 6.2.4
LOOPFILTER 1 uimsbf 6.2.5
FASTUVMC 1 uimsbf 6.2.6
EXTENDED_MV 1 uimsbf 6.2.7
DQUANT 2 uimsbf 6.2.8
VSTRANSFORM 1 uimsbf 6.2.9
OVERLAP 1 uimsbf 6.2.10
QUANTIZER 2 uimsbf 6.2.11
if (HRD PARAM FLAG==1) { 6.1.15

HRD FULLNESS () 6.2.12
H
CODED _SIZE_FLAG 1 uimsbf 6.2.13

if (CODED SIZE FLAG == 1) {

CODED_WIDTH 12 uimsbf 6.2.13.1
CODED_HEIGHT 12 uimsbf 6.2.13.2

}

if (EXTENDED MV ==1) { 6.2.7

(Annex J)

EXTENDED_DMV 1 uimsbf 6.2.14

}

RANGE_MAPY_FLAG 1 uimsbf 6.2.15

if RANGE MAPY FLAG == 1) {

RANGE_MAPY 3 uimsbf 6.2.15.1

}

RANGE_MAPUV_FLAG 1 uimsbf 6.2.16

if RANGE MAPUV FLAG == 1) {

RANGE_MAPUV 3 uimsbf 6.2.16.1
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6.2.1 Broken Link Flag (BROKEN_LINK) (1 bit)

BROKEN LINK is a 1-bit syntax element. When CLOSED ENTRY = 1, then BROKEN LINK shall be equal to zero.
When CLOSED_ENTRY = 0, BROKEN LINK indicates if the previous entry-point segment does not contain the
appropriate anchor frames that can be used to decode any dependent B frames in the current entry-point segment.

The combination of CLOSED ENTRY =0 and BROKEN LINK = 1 shall indicate that the current entry point contains
B pictures which require an I or P anchor picture in the previous entry point to decode, and the previous entry point
segment no longer contains these anchor pictures (usually because of an edit). The combination of
CLOSED_ENTRY = 0 and BROKEN LINK = 0 shall indicate that the previous entry point segment contains the
appropriate anchor frames that are required to decode any dependent B pictures.

When CLOSED_ENTRY = 0, and if the B pictures that follow an entry-point lack a reference anchor picture, these B
pictures shall be discarded.

If the first frame after an entry-point header is coded as a PI Field picture, the P Field is dependent on pictures in the
previous entry-point segment. In this case, the combination of CLOSED ENTRY =0 and BROKEN LINK = 0 shall
indicate that the previous entry point segment contains the appropriate reference frames to decode this dependent P
Field in the PI Field picture that follows the entry-point. If CLOSED ENTRY = 0, and if this P Field lacks the
reference picture, the P Field in the PI Field picture that follows the entry-point shall be discarded.

6.2.2 Closed Entry Point (CLOSED_ENTRY) (1 bit)

CLOSED_ENTRY is a 1-bit syntax element. CLOSED_ENTRY = 1 shall indicate that the current entry point segment
does not contain any B pictures that require reference to an I or P picture in the previous entry point segment to decode.
Further, if CLOSED ENTRY = 1, the first frame after the entry-point header shall not be a PI Field picture.
CLOSED_ENTRY = 0 shall indicate that the entry point segment may contain B pictures that require reference to an I
or P picture in the previous entry point segment to decode.

6.2.3 Pan Scan Present Flag (PANSCAN_FLAG) (1 bit)

PANSCAN_FLAG is a 1-bit syntax element. PANSCAN = 1 shall indicate that pan/scan information is present in the
picture headers within the entry point segment. PANSCAN = 0 shall indicate that no pan/scan information is present in
the picture headers within the entry point segment.

6.2.4 Reference Frame Distance Flag (REFDIST_FLAG) (1 bit)

REFDIST FLAG is a 1-bit syntax element. REFDIST FLAG = 1 shall indicate that the REFDIST syntax element is
present in 11, IP, PI or PP field picture headers. REFDIST FLAG = 0 shall indicate that the REFDIST syntax element is
not present in II, IP, PI or PP field picture headers.

6.2.5 Loop Filter Flag (LOOPFILTER) (1 bit)
As defined in Annex J.1.9.

6.2.6 Fast UV Motion Compensation Flag (FASTUVMC) (1 bit)
As defined in Annex J.1.11.

6.2.7 Extended Motion Vector Flag (EXTENDED_MV)(1 bit)
As defined in Annex J.1.12.

6.2.8 Macroblock Quantization Flag (DQUANT)(2 bit)
As defined in Annex J.1.13.

6.2.9 Variable Sized Transform Flag (VSTRANSFORM)(1 bit)
As defined in Annex J.1.14.
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6.2.10 Overlapped Transform Flag (OVERLAP) (1 bit)
As defined in Annex J.1.15.

6.2.11 Quantizer Specifier (QUANTIZER) (2 bits)
As defined in Annex J.1.19.

6.2.12 HRD Buffer Fullness (HRD_FULLNESS)(Variable Size)

HRD FULLNESS is a variable size structure that shall be present only if the HRD PARAM FLAG in the sequence
header is set to 1. If the HRD PARAM FLAG in the sequence header is set to zero, HRD FULLNESS structure shall
not be present. The structure shall be as defined in Table 15. See below and Annex C.2 for additional details on the
semantics and use of HRD parameters.

Table 15: Syntax Elements for HRD_FULLNESS structure

HRD_FULLNESS() Number of bits Descriptor
{
for(n=1; n<= HRD NUM LEAKY BUCKETS; n++)
{
HRD_FULL[n] 8 uimsbf
}

HRD_FULL[n] — This syntax element defines the decoder buffer fullness. The decoder buffer fullness for the nth
leaky bucket shall be equal to (HRD_FULL[n] + 1) * B,/256, where B, is the buffer size for the nth leaky bucket.

6.2.13 Coded Size Flag (CODED_SIZE_FLAG) (1 bit)

CODED_SIZE FLAG is a 1-bit syntax element. CODED_SIZE FLAG = 1 shall indicate that the CODED WIDTH
and CODED HEIGHT syntax elements are present in the entry header. CODED_SIZE FLAG = 0 shall indicate that
the CODED_WIDTH and CODED HEIGHT syntax elements are not present in the entry header and the width and
height of the frames within the entry point segment shall be specified by the MAX CODED WIDTH and
MAX CODED_HEIGHT syntax elements in the sequence header. The calculation of width and height of the frames is
shown in Figure 12.

6.2.13.1 If either the frame width (specified by either the CODED_WIDTH or MAX _CODED_WIDTH as
described above) or the frame height (as specified by the CODED _HEIGHT or the
MAX_CODED_HEIGHT) of an entry point segment are different from the frame width or the frame
height of the previous entry point segment, then either CLOSED_ENTRY shall be equal to 1, or
BROKEN_LINK shall be equal to 1. (Note: This constraint prevents prediction from a different
resolution picture, when the resolution changes at an entry point). Coded Frame Width
(CODED_WIDTH) (12 bits)

CODED_WIDTH is a 12 bit syntax element that shall be present if CODED_SIZE FLAG = 1. The coded width of the
frames within the entry point segment shall be equal to the value of this field multiplied by 2, plus 2. Therefore the
range is 2 to 8192. CODED_WIDTH shall be less than or equal to MAX CODED_ WIDTH.

6.2.13.2 Coded Frame Height (CODED_HEIGHT) (12 bits)

CODED_HEIGHT is a 12 bit syntax element that shall be present if CODED_SIZE FLAG = 1. The coded height of
the frames within the entry point segment shall be equal to the value of this field multiplied by2, plus 2. Therefore the
range is 2 to 8192. CODED_HEIGHT shall be less than or equal to MAX CODED HEIGHT.
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Note: The coded height of the frames is also subject to the constraints specified in 5.5.1.

If (CODED_SIZE_FLAG) {
CodedWidth = CODED_WIDTH,;
CodedHeight = CODED_HEIGHT;

}
else {
CodedWidth = MAX_CODED_WIDTH,;
CodedHeight = MAX_CODED_HEIGHT;
}

Figure 12: Calculation of Frame Width and Height

6.2.14 Extended Differential Motion Vector Range Flag (EXTENDED_DMV)(1 bit)

EXTENDED DMV is a 1-bit syntax element that shall be present if EXTENDED MYV = 1. If this bit is 1, extended
differential motion vector range shall be signaled at the picture layer for the P and B pictures within the entry point
segment. If this bit is 0, extended differential motion vector range shall not be signaled.

6.2.15 Range Mapping Luma Flag (RANGE_MAPY_FLAG)(1 bit)

RANGE MAPY FLAG is a 1-bit syntax element. [f RANGE MAPY FLAG = 1, the syntax element RANGE MAPY
shall be present within the entry header. If RANGE MAPY FLAG = 0 the syntax element RANGE MAPY shall not
be present.

6.2.15.1 Range Mapping Luma (RANGE_MAPY)(3 bits)

RANGE_MAPY is a 3-bit syntax element that shall be present if RANGE MAPY FLAG = 1. RANGE_MAPY takes
the value from 0 to 7. If this syntax element is present, the luma components of the decoded pictures within the entry
point segment shall be scaled according to the formula:

Y[n] = CLIP (((Y[n] - 128) * (RANGE_MAPY + 9) + 4) >> 3) + 128);

This scaling shall be performed after all other decoding stages (including loop-filter) have been performed.

If CLOSED _ENTRY = 0, the values of RANGE MAPY FLAG and RANGE MAPY shall be set to the same values
as those of the corresponding syntax elements in the previous entry-point segment.

6.2.16 Range Mapping Color-Difference Flag (RANGE_MAPUV_FLAG)(1 bit)

RANGE MAPUV FLAG is a 1-bit syntax element. If RANGE MAPUV FLAG = 1, the syntax element
RANGE_MAPUYV shall be present within the entry header. If RANGE MAPUV_FLAG = 0, the syntax element
RANGE_MAPUYV shall not be present.

6.2.16.1 Range Mapping Color-Difference (RANGE_MAPUV)(3 bits)

RANGE MAPUYV is a 3-bit syntax element that shall be present if RANGE MAPUV_FLAG = 1. RANGE MAPUV
takes the value from 0 to 7. If this syntax element is present, the color-difference components of the decoded pictures
within the entry point segment shall be scaled according to the formula:

Cy[n] = CLIP ((((Cy[n] — 128) * (RANGE_MAPUV + 9) + 4) >> 3) + 128);
C.[n] = CLIP (((C,[n] - 128) * (RANGE_MAPUV + 9) + 4) >> 3) + 128);

This scaling shall be performed after all other decoding stages (including loop-filter) have been performed.
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If CLOSED_ENTRY = 0, the values of RANGE MAPUV_FLAG and RANGE MAPUYV shall be set to the same
values as those of the corresponding syntax elements in the previous entry-point segment.

7 Progressive Bitstream Syntax and Semantics

7.1 Picture-level Syntax and Semantics

This section defines the syntax and semantics of the picture layer, slice layer, macroblock layer, and block layer of the
compressed stream when the picture is coded in progressive mode. The slice layer shall be present only in advanced
profile bitstream.

In the advanced profile, pictures and slices shall be byte-aligned and carried in a bitstream data unit (as described in
Annex E). Each new picture or a slice, is detected via start-codes as defined in Annex E.

In the simple and main profiles, pictures shall be byte-aligned. For each coded picture, the pointer to the coded
bitstream, and its size shall be communicated to the decoder by the Transport Layer. In simple and main profiles, a
picture whose coded size is less than or equal to one byte shall be considered to be a skipped picture.

Figure 13 through Figure 28 show the bitstream elements that make up each layer. Table 16 through Table 32 shall
define the syntax elements of the picture-layer, slice-layer, macroblock-layer, block-layer bitstream.

Unless otherwise stated, the length of variable length fields shall be the number of bits in the defined binary value.
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Picture Layer
(Progressive | Simple/Main Profile)
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v R

INTERPFRM RESPIC

FRMCNT
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RANGEREDFRM

k———————b— TRANSDCTAB

PTYPE
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BF | PICTURE MB

PQINDEX
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Figure 13: Syntax diagram for the Progressive | picture layer bitstream in simple/main profile
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I SIMPLE/MAIN PICTURE () { Number of bits | Descriptor Reference
if (FINTERPFLAG ==1) { 6.1.11 (Annex J)
INTERPFRM 1 uimsbf 7.1.1.1
i
FRMCNT 2 uimsbf 7.1.1.2
if RANGERED ==1) { Annex J.1.17
RANGEREDFRM 1 uimsbf 7.1.1.3
H
PTYPE Var. size or 1 vlclbf 7.1.1.4
Here in this table,
PTYPE is 1 if
MAXBFRAMES == 0;
PTYPE is 01b otherwise
BF 7 uimsbf 7.1.1.5
PQINDEX 5 uimsbf 7.1.1.6
if (PQINDEX <= 8) {
HALFQP 1 uimsbf 7.1.1.7
H
if (QUANTIZER ==01b) { 6.2.11 (Annex J)
PQUANTIZER 1 uimsbf 7.1.1.8
i
if (EXTENDED MV ==1) { 6.2.7 (Annex J)
MVRANGE Variable size vlelbf 7.1.1.9
Only M.P.
i
if  MULTIRES ==1) { Annex J.1.10
RESPIC 2 uimsbf 7.1.1.10
i
TRANSACFRM Variable size vlclbf 7.1.1.11
TRANSACFRM2 Variable size vlclbf 7.1.1.12
TRANSDCTAB 1 uimsbf 7.1.1.13
for (“all macroblocks’) { ‘all macroblocks’
represents all

macroblocks in  the
frame. Sync markers, if
present, shall be handled
as defined in 8.8
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I AND BI SIMPLE/MAIN MB() Table 27
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Figure 14: Syntax diagram for the Progressive Bl picture layer bitstream in main profile
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Table 17: Progressive Bl picture layer bitstream for Main Profile

BI MAIN PICTURE () { Number of bits | Descriptor Reference
if (FINTERPFLAG ==1) { 6.1.11 (Annex J)
INTERPFRM 1 uimsbf 7.1.1.1
i
FRMCNT 2 uimsbf 7.1.1.2
if RANGERED == 1) { Annex J.1.17
RANGEREDFRM 1 uimsbf 7.1.1.3
H
PTYPE Var. size or 1 vlclbf 7.1.1.4
Here in this table,
PTYPE is 00b
BFRACTION Var. size vlclbf 7.1.1.14
Here in this table,
BFRACTION is
1111111b
BF 7 uimsbf 7.1.1.5
PQINDEX 5 uimsbf 7.1.1.6
if (PQINDEX <= 8) {
HALFQP 1 uimsbf 7.1.1.7
H
if (QUANTIZER ==01b) { 6.2.11 (Annex J)
PQUANTIZER 1 uimsbf 7.1.1.8
i
if (EXTENDED MV ==1) { 6.2.7 (Annex J)
MVRANGE Variable size vlclbf 7.1.1.9
i
TRANSACFRM Variable size viclbf 7.1.1.11
TRANSACFRM2 Variable size vlclbf 7.1.1.12
TRANSDCTAB 1 uimsbf 7.1.1.13

for (‘all macroblocks’) {

/‘all macroblocks’
represents all
macroblocks in the
frame. Sync markers,
if present, shall be
handled as defined in
8.8

I AND BI SIMPLE/MAIN MB ()

Table 27
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Figure 15: Syntax diagram for the Progressive | and Bl picture layer bitstream in advanced profile.

Table 18: Progressive | and Bl picture layer bitstream for Advanced Profile

I AND BI ADV PICTURE () { Number of bits | Descriptor Reference
If AINTERLACE ==1) 6.1.9
FCM Variable size vlclbf 7.1.1.15

// FCM=0 in this table.

PTYPE Variable size viclbf 7.1.14

Here, in this table, PTYPE
is 110b or PTYPE is 1110b

if (TFCNTRFLAG) { 6.1.10
TFCNTR 8 uimsbf 7.1.1.16
i
if PULLDOWN) { 6.1.8
if INTERLACE ==0 || PSF=1) { 6.1.9,6.1.13
RPTFRM 2 uimsbf 7.1.1.19
i
else {
TFF 1 uimsbf 7.1.1.17
RFF 1 uimsbf 7.1.1.18
i
i
if PANSCAN FLAG==1) { 6.2.3
PS_PRESENT 1 uimsbf 7.1.1.20
if (PS_PRESENT ==1)
{
for(i=0;1< NumberOfPanScanWindow
(NumberOfPanScanWindows); i++) s is computed as shown in

Figure 93in 8.9.1

{
PS_HOFFSET 18 uimsbf 7.1.1.21
PS_VOFFSET 18 uimsbf 7.1.1.22
PS_WIDTH 14 uimsbf 7.1.1.23
PS_HEIGHT 14 uimsbf 7.1.1.24
H
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i
RNDCTRL 1 uimsbf 7.1.1.25
if INTERLACE == 1) 6.1.9
UVSAMP 1 uimsbf 7.1.1.26
if (FINTERPFLAG ==1) { 6.1.11 (Annex J)
INTERPFRM 1 uimsbf 7.1.1.1
H
PQINDEX 5 uimsbf 7.1.1.6
if (PQINDEX <=38) {
HALFQP 1 uimsbf 7.1.1.7
i
if (QUANTIZER == 01b) { 6.2.11 (Annex J)
PQUANTIZER 1 uimsbf 7.1.1.8
i
if POSTPROCFLAG ==1) { 6.1.5
POSTPROC 2 uimsbf 7.1.1.27
H
ACPRED Bitplane 7.1.1.28
if (OVERLAP == 1 && ‘PQUANT <=28’) { OVERLAP 6.2.10
PQUANT (7.1.1.6)
computed from PQINDEX
as shownin 7.1.1.6
CONDOVER Variable size viclbf 7.1.1.29
if (CONDOVER == 11b) {
OVERFLAGS Bitplane 7.1.1.30
H
H
TRANSACFRM Variable size viclbf 7.1.1.11
TRANSACFRM2 Variable size viclbf 7.1.1.12
TRANSDCTAB 1 uimsbf 7.1.1.13
if (DQUANT !=0) { 6.2.8 (Annex J)
VOPDQUANT () Variable size viclbf Table 24, 7.1.1.31
i

for (“all macroblocks’) {

‘all macroblocks’ represents
all macroblocks in this IDU.

1 AND BI ADV MB ()

Table 28
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Figure 16: Syntax diagram for the Progressive P picture layer bitstream in Simple/Main Profile.

Table 19: Progressive P picture layer bitstream for Simple and Main Profile

P SIMPLE/MAIN PICTURE () { Number of bits Descriptor Reference
if (FINTERPFLAG ==1) { 6.1.11 (Annex J)
INTERPFRM 1 uimsbf 7.1.1.1
i
FRMCNT 2 uimsbf 7.1.1.2
if RANGERED == 1) { Annex J.1.17
RANGEREDFRM 1 uimsbf 7.1.1.3
H
PTYPE Var. size or 1 vlclbf 7.1.1.4
Here, in this table,
PTYPE is 1
PQINDEX 5 uimsbf 7.1.1.6
if (PQINDEX <=8) {
HALFQP 1 uimsbf 7.1.1.7
i
if (QUANTIZER == 01b) { 6.2.11 (Annex J)
PQUANTIZER 1 uimsbf 7.1.1.8
i
if (EXTENDED MV ==1) { 6.2.7 (Annex J)
MVRANGE Variable size vlclbf 7.1.1.9
Not S.P.
i
if MULTIRES == 1) { Annex J.1.10
RESPIC 2 uimsbf 7.1.1.10
H
MVMODE Variable size vlclbf 7.1.1.32
if (MVMODE == ‘intensity compensation’) {
MVMODE2 Variable size vlclbf 7.1.1.33
LUMSCALE 6 uimsbf 7.1.1.34
LUMSHIFT 6 uimsbf 7.1.1.35
H
if (MVMODE == ‘Mixed-MV’ | (MVMODE ==
‘Intensity Compensation’ && MVMODE2 == ‘Mixed-MV’) {
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MVTYPEMB Bitplane 7.1.1.36
i
SKIPMB Bitplane 7.1.1.37
MVTAB 2 uimsbf 7.1.1.38
CBPTAB 2 uimsbf 7.1.1.39
if (DQUANT !=0) { 6.2.8 (Annex J)
VOPDQUANT () Variable size viclbf Table 24, 7.1.1.31
i
if (VSTRANSFORM == 1) { 6.2.9 (Annex J)
TTMBF 1 uimsbf 7.1.1.40
if (TTMBF == 1) {
TTFRM 2 uimsbf 7.1.141
i
i
TRANSACFRM Variable size vlclbf 7.1.1.11
TRANSDCTAB 1 uimsbf 7.1.1.13

for (‘all macroblocks’) {

‘all macroblocks’
represents all
macroblocks in the
frame. Sync markers,
if present, shall be
handled as defined in
8.8

P SIMPLE/MAIN/ADV MB ()

Table 29
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Figure 17: Syntax diagram for the Progressive P picture layer bitstream in Advanced Profile

Table 20: Progressive P picture layer bitstream for Advanced Profile

P ADV PICTURE () { Number of bits | Descriptor Reference
If AINTERLACE ==1) 6.1.9
FCM Variable size vlelbf 7.1.1.15
// FCM=0 _in this table.
PTYPE Variable size vlclbf 7.1.1.4
Here, in this table, PTYPE
is 0
if (TFCNTRFLAG) { 6.1.10
TFCNTR 8 uimsbf 7.1.1.16
i
if (PULLDOWN) { 6.1.8
if INTERLACE==0 || PSF==1) { 6.19,6.1.13
RPTFRM 2 uimsbf 7.1.1.19
i
else {
TFF 1 uimsbf 7.1.1.17
RFF 1 uimsbf 7.1.1.18
H
H
if PANSCAN FLAG==1) { 6.2.3
PS_PRESENT 1 uimsbf 7.1.1.20
if (PS_ PRESENT ==1)
{
for(i=0;i< NumberOfPanScanWindow
(NumberOfPanScanWindows); i++) s is computed as shown in
Figure 93 in 8.9.1
{
PS_HOFFSET 18 uimsbf 7.1.1.21
PS_VOFFSET 18 uimsbf 7.1.1.22
PS WIDTH 14 uimsbf 7.1.1.23
PS_HEIGHT 14 uimsbf 7.1.1.24
i
i
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i

RNDCTRL 1 uimsbf 7.1.1.25

if INTERLACE == 1) 6.1.9

UVSAMP 1 uimsbf 7.1.1.26

if (FINTERPFLAG ==1) { 6.1.11 (Annex J)
INTERPFRM 1 uimsbf 7.1.1.1

H

PQINDEX 5 uimsbf 7.1.1.6

if (PQINDEX <=38) {

HALFQP 1 uimsbf 7.1.1.7

i

if (QUANTIZER == 01b) { 6.2.11 (Annex J)
PQUANTIZER 1 uimsbf 7.1.1.8

i

if POSTPROCFLAG ==1) { 6.1.5
POSTPROC 2 uimsbf 7.1.1.27

H

if (EXTENDED MV ==1) { 6.2.7 (Annex J)
MVRANGE Variable size vlclbf 7.1.1.9

i

MVMODE Variable size vlclbf 7.1.1.32

if (MVMODE == "intensity compensation’) {
MVMODE?2 Variable size viclbf 7.1.1.33
LUMSCALE 6 uimsbf 7.1.1.34
LUMSHIFT 6 uimsbf 7.1.1.35

i

if MVMODE == ‘Mixed-MV’ || (MVMODE ==

‘Intensity Compensation’ && MVMODE2 ==
‘Mixed-MV’) {

MVTYPEMB Bitplane 7.1.1.36

H

SKIPMB Bitplane 7.1.1.37

MVTAB 2 uimsbf 7.1.1.38

CBPTAB 2 uimsbf 7.1.1.39

if (DQUANT !=0) { 6.2.8 (Annex J)
VOPDQUANT () Variable size vlclbf Table 24, 7.1.1.31
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i

if (VSTRANSFORM == 1) { 6.2.9

TTMBF 1 uimsbf 7.1.1.40

if (TTMBF == 1) {

TTFRM 2 uimsbf 7.1.141
i
i
TRANSACFRM Variable size vlclbf 7.1.1.11
TRANSDCTAB 1 uimsbf 7.1.1.13
for (‘all macroblocks’) { ‘all macroblocks’ represents
all macroblocks in this IDU.
P SIMPLE/MAIN/ADV MB() Table 29
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Figure 18: Syntax diagram for the Progressive B picture layer bitstream in Main Profile.
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Table 21: Progressive B picture layer bitstream for Main Profile

B MAIN PICTURE () { Number of bits Descriptor Reference
if (FINTERPFLAG ==1) { 6.1.11
INTERPFRM 1 uimsbf 7.1.1.1
i
FRMCNT 2 uimsbf 7.1.1.2
if RANGERED ==1) { Annex J.1.17
RANGEREDFRM 1 uimsbf 7.1.1.3
H
PTYPE Var. size or 1 vlclbf 7.1.1.4
Here in this table,
PTYPE is 00b
BFRACTION Variable size vlclbf 7.1.1.14
PQINDEX 5 uimsbf 7.1.1.6
if (PQINDEX <=8) {
HALFQP 1 uimsbf 7.1.1.7
i
if (QUANTIZER == 01b) { 6.2.11 (Annex J)
PQUANTIZER 1 viclbf 7.1.1.8
i
if (EXTENDED MV ==1) { 6.2.7 (Annex J)
MVRANGE Variable size vlclbf 7.1.1.9
Note: Not Simple
Profile
i
MVMODE 1 uimsbf 7.1.1.32
DIRECTMB Bitplane 7.1.1.42
SKIPMB Bitplane 7.1.1.37
MVTAB 2 uimsbf 7.1.1.38
CBPTAB 2 uimsbf 7.1.1.39
if (DQUANT !=0) { 6.2.8 (Annex J)
VOPDQUANT () Variable size viclbf Table 24, 7.1.1.31
i
if (VSTRANSFORM == 1) { 6.2.9 (Annex J)
TTMBF 1 uimsbf 7.1.1.40
if (TTMBF = 1) {
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TTFRM 2 uimsbf 7.1.141
i
i
TRANSACFRM Variable size viclbf 7.1.1.11
TRANSDCTAB 1 uimsbf 7.1.1.13

for (“all macroblocks’) {

“all macroblocks’
represents all
macroblocks in the
frame. Sync markers,
if present, shall be
handled as defined in
8.8

B MAIN/ADV MB ()

Table 30
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Figure 19: Syntax diagram for the Progressive B picture layer bitstream in Advanced Profile.

Table 22: Progressive B picture layer bitstream for Advanced Profile

B ADV PICTURE () { Number of bits | Descriptor Reference
If AINTERLACE ==1) 6.1.9
FCM Variable size vlclbf 7.1.1.15
// FCM=0 _in this table.
PTYPE Variable size viclbf 7.1.1.4
Here, in this table, PTYPE
is 10b
if (TFCNTRFLAG) { 6.1.10
TFCNTR 8 uimsbf 7.1.1.16
i
if PULLDOWN) { 6.1.8
if INTERLACE==0 | PSF==1){ 6.19,6.1.13
RPTFRM 2 uimsbf 7.1.1.19
i
else {
TFF 1 uimsbf 7.1.1.17
RFF 1 uimsbf 7.1.1.18
i
i
if (PANSCAN FLAG==1) { 6.2.3
PS_PRESENT 1 uimsbf 7.1.1.20
if (PS_PRESENT ==1)
{
for(i=0;1< NumberOfPanScanWindow
(NumberOfPanScanWindows); i++) s is computed as shown in
Figure 93 in 8.9.1
{
PS_HOFFSET 18 uimsbf 7.1.1.21
PS_VOFFSET 18 uimsbf 7.1.1.22
PS_WIDTH 14 uimsbf 7.1.1.23
PS_HEIGHT 14 uimsbf 7.1.1.24
H
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i
RNDCTRL 1 uimsbf 7.1.1.25
if INTERLACE == 1) 6.1.9
UVSAMP 1 uimsbf 7.1.1.26
if (FINTERPFLAG ==1) { 6.1.11
INTERPFRM 1 uimsbf 7.1.1.1
H
BFRACTION Variable size vlclbf 7.1.1.14
PQINDEX 5 uimsbf 7.1.1.6
if (PQINDEX <=8) {
HALFQP 1 uimsbf 7.1.1.7
i
if (QUANTIZER == 01b) { 6.2.11 (Annex J)
PQUANTIZER 1 uimsbf 7.1.1.8
H
if POSTPROCFLAG ==1) { 6.1.5
POSTPROC 2 uimsbf 7.1.1.27
i
if (EXTENDED MV ==1) { 6.2.7 (Annex J)
MVRANGE Variable size vlclbf 7.1.1.9
i
MVMODE 1 uimsbf 7.1.1.32
DIRECTMB Bitplane 7.1.1.42
SKIPMB Bitplane 7.1.1.37
MVTAB 2 uimsbf 7.1.1.38
CBPTAB 2 uimsbf 7.1.1.39
if (DQUANT !=0) { 6.2.8 (Annex J)
VOPDQUANT () Variable size viclbf Table 24, 7.1.1.31
i
if (VSTRANSFORM == 1) { 6.2.9 (Annex J)
TTMBF 1 uimsbf 7.1.1.40
if (TTMBF = 1) {
TTFRM 2 uimsbf 7.1.1.41
i
i
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Figure 20: Syntax diagram for the Progressive Skipped picture layer bitstream in Advanced Profile.
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Table 23: Progressive Skipped picture layer bitstream for Advanced Profile

SKIPPED ADV PICTURE () { Number of bits | Descriptor Reference
If AINTERLACE ==1) 6.1.9
FCM Variable size vlelbf 7.1.1.15
// FCM=0 _in this table.
PTYPE Variable size vlclbf 7.1.1.4
Here, in this table PTYPE is
1111b
if PULLDOWN) { 6.1.8
if INTERLACE==0||PSF==1) { 6.1.9,6.1.13
RPTFRM 2 uimsbf 7.1.1.19
i
else {
TFF 1 uimsbf 7.1.1.17
RFF 1 uimsbf 7.1.1.18
i
i
if PANSCAN FLAG==1) { 6.2.3
PS_PRESENT 1 uimsbf 7.1.1.20
if (PS_ PRESENT == 1)
{
for(i=0;i< NumberOfPanScanWindow
(NumberOfPanScanWindows); i++) s is computed as shown in
Figure 93 in 8.9.1
{
PS_HOFFSET 18 uimsbf 7.1.1.21
PS_VOFFSET 18 uimsbf 7.1.1.22
PS WIDTH 14 uimsbf 7.1.1.23
PS_HEIGHT 14 uimsbf 7.1.1.24
I
i
i
I
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VOPDQUANT

I DQUANT =2 I
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DQUANTFRM
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ABSPQ
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DQBILEVEL

PQDIFF

ABSPQ

<

Figure 21: Syntax diagram for VOPDQUANT in picture header

Table 24: VOPDQUANT in picture header (Refer to 7.1.1.31)

VOPDQUANT() { Number of bits Descriptor Reference
if (DQUANT ==2) { 6.2.8 (Annex
)
DQUANT InFrame = TRUE // quantizer can vary in See Note
frame below.
PQDIFF 3 uimsbf 7.1.1.31.6
if (PQDIFF ==7) {
ABSPQ 5 uimsbf 7.1.1.31.7
H
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i
else {
DQUANTFRM 1 uimsbf 7.1.1.31.1
if (DQUANTFRM == 1) {
DQUANT InFrame = TRUE //quantizer can vary See Note
in frame below.
DQPROFILE 2 uimsbf 7.1.1.31.2
if (DQPROFILE == ‘Single Edge®) {
DQSBEDGE 2 uimsbf 7.1.1.31.3
i
if (DQPROFILE == ‘Double Edge*) {
DODBEDGE 2 uimsbf 7.1.1.314
H
if (DQPROFILE == ‘All Macroblocks®) {
DOBILEVEL 1 uimsbf 7.1.1.31.5
i
if (/(DQPROFILE == ‘All macroblocks® &&

DQBILEVEL == 0)) {

PQDIFF 3 uimsbf 7.1.1.31.6

if (PQDIFF == 7) {

ABSPQ 5 uimsbf 7.1.1.31.7
I
I
i
else { /DQUANTFRM is 0
DQUANT InFrame = FALSE; //same quantizer See Note
(PQUANT) is used for entire frame below.
i
i
i
Note: Refer to section 7.1.1.31 for a definition of the syntax
elements in VOPDQUANT.

Note: DQuant_InFrame is TRUE if quantizer can vary between
the macroblocks of a frame. DQuant InFrame = FALSE if only
PQUANT is used for all MBs in the frame.
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Table 25: Bitplane coding (Refer to 7.2)

BITPLANE() { Number of bits Descriptor Reference
INVERT 1 uimsbf 7.2.1
IMODE Variable size viclbf 7.2.2
DATABITS Variable size viclbf 7.2.3

Figure 22: Syntax diagram for the Slice-Layer bitstream in the Advanced Profile

Slice Layer
(Advanced Profile)

SLICE_ADDR

Y
PIC_HEADER_FLAG

R

PIC_HEADER

.

MB LAYER
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Table 26: Slice-Layer bitstream in Advanced Profile

SLICE ADV () { Number of bits Descriptor Reference
SLICE_ADDR 9 uimsbf 7.1.2.1
PIC_HEADER_FLAG 1 uimsbf 7.1.2.2
if (PIC HEADER FLAG ==1){

PICTURE LAYER()
H
for (“all macroblocks’ ) { ‘all
macroblocks
> represents
all
macroblocks
in this slice
layer IDU.
MB _LAYER () Table 28,
Table 29 or
Table 30 as
appropriate.
See note
below.
}

}

Note: The MB layer syntax may be I picture as defined as in

Table 28, P picture as defined in Table 29, or B picture as defined

in Table 30. The choice of table referenced by the MB layer

syntax layer is defined by the kind of picture to which this slice

belongs.
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MB Layer

(I Picture Simple/Main Profile)

CBPCY

ACPRED

Y

BLOCK LAYER

Figure 23: Syntax diagram for macroblock layer bitstream in Progressive | and Bl picture for simple/main

profile

Table 27: Macroblock layer bitstream in Progressive | and Bl picture for Simple/Main Profile

I AND BI SIMPLE/MAIN MB() { Number of bits Descriptor Reference
CBPCY Variable size vlclbf 7.1.3.1
ACPRED 1 uimsbf 7.1.3.2
for (“all blocks in MB’) {

INTRA BLOCK() Table 31
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(I Picture Advanced Profile)
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Figure 24: Syntax diagram for macroblock layer bitstream in progressive | picture for advanced profile
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Table 28: Macroblock layer bitstream in Progressive | and Bl picture for Advanced Profile

1 AND BI ADV MB() { Number of bits Descriptor Reference
CBPCY Variable size vlclbf 7.13.1
if (ACPRED Coding Mode == ‘Raw’) { 7.1.1.28,
722
ACPRED 1 uimsbf 7.13.2
i
if (CONDOVER == 11b 7.1.1.29,
&& OVERFLAGS Coding Mode == ‘Raw’) { ;;é30,
OVERFLAGMB 1 uimsbf 7.133
i
if (DQUANTFRM) { 7.1.1.31.1
if (DQPROFILE == ‘All Macroblocks’) { 7.1.1.31.2
if (DQBILEVEL){ 7.1.1.31.5
MQDIFF 1 uimsbf 7.1.34
} else {
MQDIFF 3 uimsbf 7.1.3.4
if  MQDIFF =7) {
ABSMQ 5 uimsbf 7.1.3.5
i
i
i
i
for (“all blocks in MB’) {
INTRA BLOCK() Table 31
i
i
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Figure 25: Syntax diagram for macroblock layer bitstream in Progressive-P picture for Simple/Main/Advanced
Profiles

Table 29: Macroblock layer bitstream in Progressive P picture for Simple/Main/Advanced Profile

P SIMPLE/MAIN/ADV MB() { Number of bits Descriptor Reference
if (MVMODE == ‘Mixed-MV’ || (MVMODE == 7.1.1.32, 7.1.1.33,
‘Intensity Compensation’ && MVMODE2 == ‘Mixed-MV”) 7.1.1.36

&& MVTYPEMB Coding Mode == ‘Raw’) {

—_

MVMODEBIT uimsbf 7.1.3.6
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if (SKIPMB Coding Mode == ‘Raw’) { 7.1.1.37
SKIPMBBIT 1 uimsbf 7.13.7
i
if (1-MV mode) {
if (non-skipped MB) {
MVDATA Variable size viclbf 7.1.3.8
if (‘hybridpred syntax element for MV Conditions for
prediction is present’) { presence of
hybridpred syntax
element is defined
in Figure 55 in
8.3.5.3.5
HYBRIDPRED 1 uimsbf 7.1.3.9
i
if (‘intra_flag’ && ‘more present flag” == 0) { For ‘intra_flag’
and ‘more_present
flag’, see 8.3.5.2.1
if (DQUANTFRM) { 7.1.131.1
if (DQPROFILE == ‘All 7.1.1.31.2
Macroblocks*) {
if (DQBILEVEL){ 7.1.1.31.5
MQDIFF 1 uimsbf 7.1.3.4
} else {
MQDIFF 3 uimsbf 7.1.3.4
if MQDIFF =7) {
ABSMQ 5 uimsbf 7.13.5
}
i
i
i
ACPRED 1 uimsbf 7.13.2
H
else if (‘more present flag’ == 1){ 8.3.5.2.1
if (‘intra_flag’) { 8.3.5.2.1
ACPRED 1 uimsbf 7.13.2
i
CBPCY Variable size vlclbf 7.1.3.1
if (DQUANTFRM) { 7.1.1.31.1
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if (DQPROFILE == ‘all 7.1.1.31.2
macroblocks*®) {
if (DQBILEVEL){ 7.1.1.31.5
MQDIFF 1 uimsbf 7.1.3.4
} else {
MQDIFF 3 uimsbf 7.134
if MQDIFF ==7) {
ABSMQ 5 uimsbf 7.1.3.5
}
}
}
}
}
if (TTMBF == 0 && !(‘intra_flag’) && ‘at For TTMBF, see
least 1 coded block’) { 7.1.1.40
/* the presence of ‘at least 1 coded block’ is inferred from For intra_flag see
more_present flag. Since DC coefficients are not treated 8.3.5.2.1
separately, a coded inter-block has at least one non-zero
coefficient */
TTMB Variable size vlclbf 7.1.3.10
}
for (‘all blocks in MB’) {
if (‘intra_flag’ || ‘coded block”) For intra_flag see
3.5.2.1
/* coded block is inferred from CBPCY. */ 835
BLOCK() Table 31 if intra
block or Table 32
otherwise
H
} /* non-skipped MB */
else { /* skipped MB */
if (‘hybridpred syntax element for MV Conditions for
prediction is present’) { presence of
hybridpred syntax
element is defined
in Figure 55 in
8.3.5.3.5
HYBRIDPRED 1 uimsbf 7.1.3.9
H
} /* skipped MB */
} /* 1-MV mode */
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else { /* 4-MV mode */

if (non-skipped MB) {

CBPCY Variable size vlclbf 7.1.3.1
for (‘each of the 4 Y-blocks’) {
if (“CBPCY bit set for this block’) {
BLKMVDATA Variable size vlclbf 7.1.3.11
i
if (‘hybridpred syntax element for MV Conditions for
prediction is present’) { presence of
hybridpred syntax
element is defined
in Figure 55 in
8.3.5.3.5
HYBRIDPRED 1 uimsbf 7.1.3.9
i
i
If (“all blocks are inter’ && ‘all blocks have //inferred via
zero AC coefficients’) intra_flag and
more_present_flag
of BLKMVDATA
as described in
8.3.5.2.1
goto End4MV;
if (DQUANTFRM) { 7.1.1.31.1
if (DQPROFILE == ‘all macroblocks®) { 7.1.1.31.2
if (DQBILEVEL){ 7.1.1.31.5
MQDIFF 1 uimsbf 7.1.3.4
} else {
MQDIFF 3 uimsbf 7.1.34
if (MQDIFF ==7) {
ABSMQ 5 uimsbf 7.1.3.5
}
}
}
h
if (‘any block is intra’ && ‘non-zero prediction //intra status
for that block’) { inferred intra_flag
of BLKMVDATA
ACPRED 1 uimsbf 7.13.2
H
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if (TTMBF == 0 && °‘at least 1 coded inter-

For TTMBF, see

block’) { 7.1.1.40
/* The coded status of block is inferred from more present For
flag of MVDATA. A coded inter-block has at least one non- more present flag
zero coefficient. */ see 8.3.5.2.1
TTMB Variable size vlclbf 7.1.3.10
i
for (“all blocks in MB’) {
If (“intra block’ || ‘coded inter-block’) For intra flag and
t fl
/* intra block is deduced from intra flag, and ‘coded inter- rmore_present_tag
) see 8.3.5.2.1
block’ is deduced from more present flag  of
BLKMVDATA. A coded inter-block has atleast one non-
zero coefficient. */
BLOCK() Table 31 if intra
block or Table 32
otherwise
I
End4MV: /* End of 4-MV */
} /* non-skipped MB */
else { /* skipped MB */
for (‘all 4 Y-blocks’) {
if (‘hybridpred syntax element for MV Conditions for
prediction is present’) { presence of
hybridpred syntax
element is defined
in Figure 55 in
8.3.5.3.5
HYBRIDPRED 1 uimsbf 7.1.3.9
i
I
} /* skipped MB */
} /* 4 MV mode */
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MB Layer
(Progressive B Picture Main/Advanced Profile)

)

i

DIRECTBBIT

[

SKIPMBBIT

BMV1

BMVTYPE

ot
b}

BMV2

~
h 4

]

ACPRED

(

N

Figure 26: Syntax diagram for macroblock layer bitstream in Progressive B picture for Main/Advanced Profiles

)

CBPCY

MQDIFF

ABSMQ

I

ACPRED

TTMB

A 4

BLOCK LAYER

|[

Table 30: Macroblock layer bitstream in Progressive B picture for Main/Advanced Profile

B MAIN/ADV MB() { Number of bits Descriptor Reference
if (DIRECTMB Coding Mode == ‘Raw’) { 7.1.1.42
DIRECTBBIT 1 uimsbf 7.1.3.12
i
if (SKIPMB Coding Mode == ‘Raw’) {
SKIPMBBIT 1 uimsbf 7.13.7
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i
if (\DIRECTBBIT) { 7.1.1.42,7.1.3.12
if (ISKIPMBBIT) { 7.1.1.37,7.1.3.7
BMV1 Variable size vlclbf 7.1.3.13
}
if (!(‘intra_flag of BMV1”) || SKIPMBBIT) { 8.3.5.2.1, 7.1.1.37,
7.1.3.7
BMVTYPE Variable size vlclbf 7.13.14
}
H
if (SKIPMBBIT) 7.1.137,7.1.3.7
goto End;
if (DIRECTBBIT) 7.1.1.42,7.1.3.12
goto DecodeCBPCY;;
If (‘more present flag’ of BMVI == 0 && ‘Inter 8.3.5.2.1
MB’)
/* ‘Inter MB’ is deduced if ‘intra_flag’ of BMV1 is 0 */
goto End:
if (‘intra_flag” && ‘more present flag” of BMV1 == 8.3.5.2.1,
0 {
if (DQUANTFRM) { 7.1.1.31.1
if (DQPROFILE == ‘all macroblocks®) { 7.1.1.31.2
if (DQBILEVEL){ 7.1.1.31.5
MQDIFF 1 uimsbf 7.1.3.4
} else {
MQDIFF 3 uimsbf 7.1.3.4
if (MQDIFF == 7)
ABSMQ 5 uimsbf 7.13.5
H
H
H
ACPRED 1 uimsbf 7.13.2
goto DecodeCoeft:

if (BMVTYPE == ‘Interpolated’) {

See 7.1.3.14. Also
implies that the
‘more_present

flag” of BMVI
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was 1
BMV?2 Variable size viclbf 7.1.3.15
For interpolated
MBs, BMVI1 is
backward MV and
BMV2 is forward
MYV. Also note that
BMV2 cannot
indicate Intra.
if (‘more_present flag’ of BMV2 == () See 8.3.5.2.1 for
more present flag
goto End;
}
if (‘intra_flag’) 8.3.5.2.1
ACPRED 1 uimsbf 7.1.1.28
DecodeCBPCY:
CBPCY Variable size viclbf 7.1.3.1
if (DQUANTFRM) { 7.1.1.31.1
if (DQPROFILE == ‘all macroblocks®) { 7.1.1.31.2
if (DQBILEVEL){ 7.1.1.31.5
MQDIFF 1 uimsbf 7.1.34
} else {
MQDIFF 3 uimsbf 7.1.3.4
if (MQDIFF == 7)
ABSMQ 5 uimsbf 7.1.3.5
}
}
} Variable size viclbf
if (TTMBF == 0 && ‘Inter MB’ && ‘at least one For TTMBF, see
coded block’) { 7.1.1.40 For
t fl
/* ‘Inter MB’ is deduced if ‘intra_flag’ of BMV1 is 0. The more_present Hag.
- . see 8.3.5.2.1
presence of ‘at least 1 coded block’ is inferred from
more_present flag. A coded block in inter-MB has at least
one non-zero coefficient */
TTMB Variable size vlclbf 7.1.3.10
i
DecodeCoeft:

for (‘all blocks in MB’) {

if (“intra_flag’ || ‘coded block”)

/* The presence of ‘coded block’ is inferred from

For more present
flag, see 8.3.5.2.1
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more_present flag. A coded block in inter-MB has at least

one non-zero coefficient */

BLOCK( )

Table 31 if intra
block or Table 32
otherwise

End:

Block LAYER

(INTRA)

DCCOEF

C

D

(—/

| DCCOEFESC |

—
(—/

| DCCOEF_EXTQUANT1 |

—
(—/

| DCCOEF_EXTQUANT2 |

e

| DCSIGN |

%k

_/

ACCOEF1

C +

D)

P

C ESCMODE )

2"

| ESCLR |

"

C ESCLVLSZ

D)

y

| ESCRUNSZ

{—J

| ESCRUN |

F/

ACCOEF2 )

| LVLS

v

| LVLSIGN2 |

Y

| ESCLVL |

D,

v

Figure 27: Syntax diagram for the Intra-coded block layer bitstream.
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Table 31: Intra block layer bitstream

INTRA BLOCK() { Number of bits Descriptor Reference
DCCOEF Variable size vlclbf 7.14.1
if (DCCOEF !=0) {
if (DCCOEF == ‘ESCAPECODE”) { Figure 37 in
8.1.3.1
DCCOEFESC Variable size vlclbf 7.14.2
H
else {
if (QUANT ==1) QUANT
refers to
MQUANT as
described in
8.1.3.1
DCCOEF_EXTQUANT1 2 uimsbf 7.1.4.3
else if (QUANT == 2) QUANT
refers to
MQUANT as
described in
8.1.3.1
DCCOEF_EXTQUANT2 1 uimsbf 7.144
}
DCSIGN 1 uimsbf 7.14.5
}
if (‘intra block has AC coefficient’) { presence  of
AC
coefficient is
inferred from
CBPCY
while (!(last_flag)) { see 8.1.34
L . for decodi
/* last_flag == 1 implies that all coefficients have been decoded ofrl ceocing
L PN . of last_flag
in this block. last flag == 0 implies that more coefficients are
present. */
ACCOEF1 Variable size vlclbf 7.1.4.6
if (ACCOEF1 == ‘Escape Index’) { Escape Index
has been
described in
Figure 41 in
8.1.3.4
ESCMODE Variable size viclbf 7.1.4.7
if ( ESCMODE == ‘model’ || ESCMODE == 7.1.4.8,
‘mode2’) { 8.1.34
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ACCOEF2 Variable size viclbf 7.1.4.8
H
else { /* ‘escape mode 3’ */ 7.1.4.9,
8.1.34
ESCLR 1 uimsbf 7.1.4.9
if (‘ESCMODE == mode3’ for first time”) { 8.1.34
/* This condition is triggered when mode3 is used (ESCMODE
is equal to mode3) for the first time in a frame, field or slice as
described in 8.1.3.4%/
ESCLVLSZ Variable size viclbf 7.1.4.10
ESCRUNSZ 2 uimsbf 7.1.4.11
i
ESCRUN Variable size 7.1.4.12
LVLSGN2 1 uimsbf 7.14.13
ESCLVL Variable size 7.1.4.14
}
} /* ‘escape mode’ */
if (ESCMODE != ‘mode3’) { Figure 41 in
8.1.3.4
LVLSIGN 1 uimsbf 7.14.15
}
} /* while () */
}  /* if intra block has AC coefficient */
}
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Block LAYER
(INTER)

~ ™
( TTBLK ) /)
% | ESCLR |
PSR \
( SUBBLKPAT ) C ESCLVLSZ )
C ACCO D | ESCRUNSZ |
} A 4
C ESCMODE ) | ESCRUN |
C ACCOEF?2 ) | LVLSIGN2 |
LVLSIGN | | ESCLVL |
)
Figure 28: Syntax diagram for the Inter-coded block layer bitstream.
Table 32: Inter block layer bitstream
INTER BLOCK() { Number of bits Descriptor Reference
if (TTMB == ‘block’ && !(° the first inter coded 7.1.3.10
block”)) {
TTBLK Variable size viclbf 7.14.16
H
if (‘transform type is 4x4’ || (‘transform type is 8%4, 7.1.1.40,7.1.3.10
4*8 && (TTMBF == ‘1’ || (TTMB == ‘Macroblock’
&& !(‘the first inter coded block’))))) {
SUBBLKPAT Variable size viclbf 7.1.4.17

}

for (1= 0; 1 < SUBBLKNUM; i++) {

SUBBLKNUM = 1,
2, 4 for Inter 8x8,
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8x4/4x8, 4x4 blocks
respectively

if (IsSubBlkCoded(i)){

/* IsSubBlkCoded(i) is 1 if the subblock i has atleast one
non-zero coefficient, 0 otherwise. */

The value of
IsSubBlkCoded(i) is
derived from either
TTMB 7.1.3.10, or
SUBBLKPAT
7.1.4.17

while (!(last_flag)) {

/* last_flag == 1 implies that all coefficients have been
decoded in this block. last flag == 0 implies that more
coefficients are present. */

see 8134  for
decoding of last_flag

ACCOEF1 Variable size vlclbf 7.14.6
if (ACCOEF1 == ‘Escape Index’) { Escape Index has
been described in
8.1.34
ESCMODE Variable size viclbf 7.1.4.7
if (ESCMODE == ‘model’ || ESCMODE 7.14.8,8.1.3.4
== ‘mode2’) {
ACCOEFR2 Variable size viclbf 7.14.8
H
else { /* ‘escape mode 3’ */ 7.14.9,8.1.34
ESCLR 1 uimsbf 7.1.4.9
if ( ESCMODE == ‘mode 3’ for the 8.1.3.4
first time”) {
/¥ This condition is triggered when mode3 is used
(ESCMODE is equal to mode3) for the first time in a
frame, field or slice as described in 8.1.3.4%/
ESCLVLSZ Variable size vlclbf 7.1.4.10
ESCRUNSZ 2 uimsbf 7.1.4.11
H
ESCRUN Variable size 7.14.12
LVLSGN2 1 uimsbf 7.1.4.13
ESCLVL Variable size 7.1.4.14
!
} /* ‘escape mode’ */
if (ESCMODE != ‘mode3’) { Figure 41 in 8.1.3.4
LVLSIGN 1 uimsbf 7.14.15
H
} /* while () */

} // IsSubBlkCoded(i)
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H/for i= 0; i<SUBBLKNUM,; i++

i

Note: ‘the first inter coded block’ is 1 if the block is the
first inter-coded block in the macroblock, and 0 otherwise.

7.1.1 Picture layer

Data for each picture shall consist of a picture header followed by data for the macroblock layer. Figure 13, Figure 14
and Figure 15 show the bitstream elements that make up the I and BI progressive picture layer in simple/main profile
and advanced profile, respectively, and Figure 16 and Figure 17 show the bitstream elements that make up the P
progressive picture layer in simple/main profile and advanced profile, respectively.

7.1.1.1  Frame Interpolation Hint (INTERPFRM) (1 bit)

INTERPFRM is a 1-bit syntax element that shall be present in all progressive frame types for all profiles, if the syntax
element FINTERPFLAG == 1. This bit is not used in the decoding process. Its intended purpose is to provide a hint to
the display process that the current temporal region is suitable for temporal interpolation.

Note: The need to perform frame interpolation or the method of doing so is outside the scope of this document. If
INTERPFRM == 0, then the current temporal region (the current frame and its surrounding frames) is considered
unsuitable for frame interpolation. If INTERPFRM == 1, then the temporal region is considered suitable for frame
interpolation. For example, the display process can use interpolation to increase the displayed frame-rate when
INTERPFRM == 1. It is important to reemphasize that this interpolation is outside the decoding process.

7.1.1.2 Frame Count (FRMCNT) (2 bits)

FRMCNT is a 2-bit syntax element that shall be present in all picture headers for simple and main profiles. The value of
this field should be used as a frame count and shall be incremented by one for each consecutive frame (in coded order)
in the bitstream. FRMCNT has no effect on the decoding or display process.

Note: FRMCNT can be used to check if any frames have been lost at the decoder input.

7.1.1.3 Range Reduction Frame (RANGEREDFRM) (1 bit)

RANGEREDFRM is a 1-bit syntax element present in all frame types, for the main profile only, if the sequence level
flag RANGERED == 1. If RANGEREDFRM == 1, then range reduction shall be used for the frame. If
RANGEREDFRM == 0, then range reduction shall not be used for the frame. For a B Frame or a BI Frame, the value
of the RANGEREDFRM syntax element shall be identical to the value of the corresponding syntax element in the
subsequent anchor frame (in display order). See sections 8.1.1.4 and 8.3.4.11 for a description of range reduction
decoding.

7.1.1.4  Picture Type (PTYPE) (Variable size)
For simple and main profiles:
If the sequence level syntax element MAXBFRAMES == 0, then PTYPE shall be as defined in Table 33.
Table 33: Simple/Main Profile Picture Type FLC if MAXBFRAMES ==

PTYPE FLC | Picture Type

0 I

1 P

If MAXBFRAMES is greater than 0, then PTYPE shall be as defined in Table 34.
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PTYPE VLC | Picture Type
1b P
01b I
00b B or BI

For advanced profile:
PTYPE shall be as defined in Table 35.
Table 35: Advanced Profile Picture Type VLC

PTYPE VLC | Picture Type
110b I
0b P
10b B
1110b BI
1111b Skipped

If PTYPE indicates that the frame is skipped, then the frame shall be reconstructed as a P frame which is identical to its
reference frame. The reconstruction of the skipped frame is equivalent conceptually to copying the reference frame. A
skipped picture means that no further data is transmitted for this frame.

In simple and main profiles, if the size of any coded picture is less than or equal to one byte, that picture shall be treated
as a skipped frame.

Note: In simple and main profiles, the size of coded picture is passed to the decoder via the Transport Layer.

7.1.1.5  Buffer Fullness (BF) (7 bits)

BF is a 7-bit syntax element that shall be present in simple and main profile I picture headers. BF represents the value
of buffer fullness (as a percentage of the buffer size) at the encoder, and shall be in the range of 0 to 100, inclusive. A
value of 100 shall indicate that the encoder buffer is full, and a value of 0 shall indicate that the encoder buffer is
empty. This syntax element is not used in the decoding process.

Note: The knowledge of buffer fullness at an I Frame can be useful if decoding begins at this point, and thus facilitates
implementation of trick modes.

7.1.1.6  Picture Quantizer Index (PQINDEX) (5 bits)

PQINDEX is a 5-bit syntax element that shall signal the quantizer scale index for the entire frame. It is present in all
picture types. If the quantizer is signaled implicitly (this is signaled by syntax element QUANTIZER == 00b), then
PQINDEX shall specify both the picture quantizer scale (PQUANT) and the quantizer (uniform or nonuniform) used
for the frame. See section 8.1.3.8 for details on dequantization using uniform as well as nonuniform quantizers.
PQINDEX shall be translated to PQUANT for the case where QUANTIZER == 00b (implicit quantizer) as defined in
Table 36.
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Table 36: PQINDEX to PQUANT/Quantizer Translation (Implicit Quantizer)

PQINDEX | PQUANT Quantizer PQINDEX | PQUANT Quantizer

0 NA NA 16 13 Nonunifor
m

1 1 Uniform 17 14 Nonunifor
m

2 2 Uniform 18 15 Nonunifor
m

3 3 Uniform 19 16 Nonunifor
m

4 4 Uniform 20 17 Nonunifor
m

5 5 Uniform 21 18 Nonunifor
m

6 6 Uniform 22 19 Nonunifor
m

7 7 Uniform 23 20 Nonunifor
m

8 8 Uniform 24 21 Nonunifor
m

9 6 Nonunifor 25 22 Nonunifor
m m

10 7 Nonunifor 26 23 Nonunifor
m m

11 8 Nonunifor 27 24 Nonunifor
m m

12 9 Nonunifor 28 25 Nonunifor
m m

13 10 Nonunifor 29 27 Nonunifor
m m

14 11 Nonunifor 30 29 Nonunifor
m m

15 12 Nonunifor 31 31 Nonunifor
m m

If the quantizer is signaled explicitly at the sequence or frame level (signaled by syntax element QUANTIZER == 01b,
10b or 11b), then PQUANT shall be equal to PQINDEX for all values of PQINDEX except when PQINDEX is equal
to ‘0’. The case where PQINDEX is equal to 0 shall be SMPTE Reserved . The macroblock quantizer step size
(MQUANT) shall be initialized to PQUANT. MQUANT may be modified as described in 7.1.1.31, 7.1.3.4 and 7.1.3.5.

7.1.1.7  Half QP Step (HALFQP) (1 bit)

HALFQP is a 1-bit syntax element that shall be present in all frame types if PQINDEX is less than or equal to 8. The
HALFQP syntax element allows the picture quantizer to be expressed in half step increments over the low PQUANT
range. If HALFQP == 1, then the picture quantizer stepsize shall be equal to PQUANT + Y. If HALFQP == 0, then the
picture quantizer stepize shall be equal to PQUANT. Therefore, if the uniform quantizer is used, then half stepsizes are
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possible up to PQUANT == 9 (i.e., picture quantizer stepsize == 1, 1.5,2,2.5 ... 8.5, 9), and then only integer stepsizes
are allowable above PQUANT == 9. For the nonuniform quantizer, half stepsizes are possible up to PQUANT ==
(e, 1,1.5,2,25...6.5,7).

Note: HALFQP applies only if a macroblock is coded using PQUANT, and does not apply if the macroblock is coded
with a quantizer value derived from VOPDQUANT syntax elements.

7.1.1.8  Picture Quantizer Type (PQUANTIZER) (1 bit)

PQUANTIZER is a 1 bit syntax element that shall be present in all frame types if the syntax element QUANTIZER ==
01b. In this case, the quantizer used for the frame shall be specified by PQUANTIZER. If PQUANTIZER == 0, then
the nonuniform quantizer shall be used for the frame. If PQUANTIZER == 1, then the uniform quantizer shall be used.

7.1.1.9 Extended MV Range Flag (MVRANGE) (Variable size)

MVRANGE is a variable-sized syntax element that shall be present for sequences coded using the main and advanced
profiles when the sequence-layer EXTENDED MYV == 1. For the main profile, it shall be present in I, P and B pictures.
For the advanced profile, it shall be present in P, and B pictures. The value of this syntax element shall be ignored in
main profile I pictures as this syntax element is not used in I pictures.

For the simple profile, the default range shall be used. For the main profile and advanced profile, when
EXTENDED MYV == 0, the default range shall be used. The default range of motion vectors is [ -64 63.f ] X [ -32
31.f ], where f is the fraction % for % pixel motion and Y4 for % pixel motion resolution. In other words, the default
range for quarter-pixel motion modes is [ -64 63% ] along the horizontal (X) axis and [-32 31% ] along the vertical (Y)
axis.

When EXTENDED MV == 1, the MVRANGE meaning shall be as defined in Table 37. Section 8.3.5.2 details the
decoding of differential motion vectors for different ranges specified by MVRANGE.

Table 37: Motion Vector Range Signaled by MVRANGE

MVRANGE Value MV range in full pixel units (horiz x vert)
0Ob (also default) [-64, 63.f] x [-32, 31.1]

10b [-128, 127.1] x [-64, 63.1]

110b [-512,511.6] x [-128, 127.1]

111b [-1024,1023.1] x [-256, 255 1]

The value of the MVRANGE syntax element of a B picture shall be greater or equal to the value of the MVRANGE
syntax element of the subsequent (in display order) anchor P picture. The MVRANGE of a B picture may take any
value defined in Table 37 if the subsequent anchor is an I picture, or a skipped picture.

7.1.1.10 Picture Resolution Index (RESPIC) (2 bits)

RESPIC is a 2 bit syntax element that shall be present in progressive I and P pictures, in main profile, if MULTIRES
==1. This syntax element specifies the scaling factor of the current frame relative to the full resolution frame. The
RESPIC syntax element shall be as defined in Table 38. Refer to section 8.1.1.3 for a description of variable resolution
coding. The RESPIC syntax element of a P picture header shall carry the same value as the RESPIC syntax element of
the closest preceding I frame.
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Table 38: Progressive picture resolution code-table

RESPIC | Horizontal | Vertical
FLC Scale Scale
00b Full Full
01b Half Full

10b Full Half
11b Half Half

7.1.1.11 Frame-level Transform AC Coding Set Index (TRANSACFRM) (Variable size)

TRANSACFRM is a variable-sized syntax element that shall be present in all frame types and shall be as defined in
Table 39. See sections 8.1.3.4 and 8.3.4.9 for a description of the TRANSACFRM syntax element.

Table 39: Transform AC coding set index code-table

TRANSACFRM Coding set
index

0b 0

10b 1

11b 2

7.1.1.12 Frame-level Transform AC Table-2 Index (TRANSACFRM2) (Variable size)

TRANSACFRM?2 is a variable-sized syntax element that shall be present present in I frames, and shall be as defined in
Table 39. See section 8.1.3.4 for a description of the Transform AC coding sets.

7.1.1.13 Intra Transform DC Table (TRANSDCTAB) (1 bit)

TRANSDCTAB is a 1 bit syntax element that shall be present in all frame types. See section 8.1.1.2 for a description.

7.1.1.14 B Picture Fraction (BFRACTION)(Variable size)

BFRACTION is a variable-sized syntax element that shall be present in B picture headers. It shall also be present in BI
picture headers of main profile. BFRACTION signals a fraction that may take on a limited set of fractional values
between 0 and 1, denoting the relative temporal position of the B frame within the interval formed by its anchors. This
fraction shall be used to scale co-located motion vectors for deriving the ‘Direct’ motion vectors.

The mapping of BFRACTION is defined in Table 40.
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Table 40: BFRACTION VLC Table

BFRACTION | Fraction | BFRACTIO Fraction
VLC N VLC
000b 1/2 1110101b 2/7
001b 1/3 1110110b 3/7
010b 2/3 1110111b 4/7
011b 1/4 1111000b 5/7
100b 3/4 1111001b 6/7
101b 1/5 1111010b 1/8
110b 2/5 1111011b 3/8
1110000b 3/5 1111100b 5/8
1110001b 4/5 1111101b 7/8
1110010b 1/6 1111110b SMPTE
Reserve
d
111001b1 5/6 1111111b See
below
1110100b 1/7

7.1.1.15 Frame Coding Mode (FCM) (Variable size)

Table 41: Frame Coding Mode VLC

FCM

Frame
Coding Mode

0b

Progressive

10b

Frame-
Interlace

11b

Field-
Interlace

7.1.1.16 Temporal Reference Frame Counter (TFCNTR) (8 bits)

Private SMPTE Committee Document: Not for Publication

For simple and main profiles the value 1111111b shall indicate that the frame is coded as a BI Frame. For advanced
profile, this value is SMPTE Reserved, and BI Frames shall be signaled using the PTYPE syntax element.

FCM is a variable-sized syntax element that shall be present only in advanced profile, and only if the sequence level
syntax element INTERLACE == 1. It indicates whether the frame is coded as progressive, interlace-field or interlace-
frame, and shall be as defined in Table 41. B frames shall be constrained to be of the same frame coding mode (i.e.
progressive, field-interlace or frame-interlace) as the anchor frame that follows them.

TFCNTR is a 8 bit syntax element that shall be present only in advanced profile, and only if the sequence level syntax
element TFCNTRFLAG == 1. TFCNTR of each coded frame shall be incremented by one modulo 256 when examined
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in display order at the output of the decoding process, except when a sequence header occurs. TFCNTR of the first
frame after a sequence header shall be set to zero.

In interlace field pictures, the temporal reference coded in the frame header shall be associated with both field pictures
in the frame.

7.1.1.17 Top Field First (TFF) (1 bit)

TFF is a 1 bit syntax element that shall be present in advanced profile picture headers if (PULLDOWN == 1 &&
INTERLACE == 1 && PSF == 0). TFF = 1 shall indicate that the Top Field is the first decoded field. TFF = 0 shall
indicate that the bottom field is the first decoded field. If PULLDOWN == 0, TFF shall not be present in the picture
header, and Top Field shall be the first decoded field.

7.1.1.18 Repeat First Field (RFF) (1 bit)

RFF is a one bit syntax element that shall be present in advanced profile picture headers if (PULLDOWN == 1 &&
INTERLACE == 1 && PSF ==0).

Note: RFF can be used during the display process. RFF = 1 implies that the first field can be repeated during display.
RFF = 0 implies that no repetition is necessary.

7.1.1.19 Repeat Frame Count (RPTFRM) (2 bits)

RPTFRM is a 2 bit syntax element that shall be present in advanced profile picture headers if (PULLDOWN == 1 &&
(INTERLACE == 0 || PSF == 1)). RPTFRM shall be set to the number of frames to repeat (0-3).

Note: RPTFRM can be used during the display process. It represents the number of times the frame can be repeated
during display.

7.1.1.20 Pan Scan Present Flag (PS_PRESENT) (1 bit)

PS PRESENT is a 1 bit syntax element that shall be present in all advanced profile picture headers if the entry point
header PANSCAN_FLAG == 1. There may be up to four pan scan windows for each frame. The number of pan scan
windows in the frame is implicitly determined as defined in section 8.9.1. If PS PRESENT == 1, then the syntax
elements PS HOFFSET, PS VOFFSET, PS_ WIDTH and PS_HEIGHT shall also be present for each pan scan window
in the frame. If PS PRESENT == 0, then the syntax elements PS HOFFSET, PS VOFFSET, PS WIDTH and
PS_HEIGHT shall not be present. See section 8.9 for a description of pan scan and the definition of the four syntax
elements below.

7.1.1.21 Pan Scan Window Horizontal Offset (PS_HOFFSET) (18 bits)

PS_HOFFSET is an 18 bit syntax element that shall be present in all advanced profile progressive picture headers if the
picture header syntax element PS PRESENT == 1. This syntax element is defined in 8.9.2.

7.1.1.22 Pan Scan Window Vertical Offset (PS_VOFFSET) (18 bits)

PS_VOFFSET is an 18 bit syntax element that shall be present in all advanced profile progressive picture headers if the
picture header syntax element PS PRESENT == 1. This syntax element is defined in 8.9.2.

7.1.1.23 Pan Scan Window Width (PS_WIDTH) (14 bits)

PS WIDTH is a 14 bit syntax element present that shall be present in all advanced profile progressive picture headers if
the picture header syntax element PS PRESENT == 1. This syntax element is defined in 8.9.2.

7.1.1.24 Pan Scan Window Height (PS_HEIGHT) (14 bits)

PS_HEIGHT is a 14 bit syntax element that shall be present in all advanced profile progressive picture headers if the
picture header syntax element PS PRESENT == 1. This syntax element is defined in 8.9.2.

7.1.1.25 Rounding Control Bit (RNDCTRL)(1 bit)

RNDCTRL is a 1 bit syntax element that shall be present in all advanced profile picture headers. The flag is used to
indicate the type of rounding used for the current frame. If RNDCTRL == 1, the parameter RND which controls
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rounding shall be set to 1. Otherwise, RND shall be set to 0. In I and BI pictures, RNDCTRL shall be equal to 0. See
Section 8.3.7 for more details on the effect of RND on rounding.

7.1.1.26 UV Sampling Format (UVSAMP)(1 bit)

UVSAMP is a 1 bit syntax element that shall only be present in all advanced profile picture headers, when the sequence
level field INTERLACE == 1. If UVSAMP == 1, then progressive subsampling of the color-difference is used. If
UVSAMP == 0, interlace subsampling of the color-difference is used. This syntax element does not affect decoding of
the bitstream.

7.1.1.27 Post Processing (POSTPROC)(2 bits)

POSTPROC is a 2-bit syntax element that shall be present in all pictures in advanced profile when the sequence level
flag POSTPROCFLAG == 1. This element is not required for the decoding process, but may be used by the display
process. The four post-processing mode indicators shall be as defined in Table 41.

Table 42: POSTPROC code table

POSTPRO Post processing Indication
C

00b No Post Processing

01b De-blocking

10b De-ringing

11b De-blocking && De-ringing

Note: It is desirable that decoders perform these two post processing steps as indicated by the values above, and when
post processing is done, the algorithms of Annex H be used. If both post-processing steps are performed, it is preferred
that de-blocking is performed before de-ringing.

7.1.1.28 AC Prediction (ACPRED)(Variable size)

ACPRED is a bitplane coded syntax element that shall be present in all advanced profile I and BI pictures. ACPRED is
used to indicate the AC prediction status for each macroblock in the picture. See section 7.2 for a description of the
bitplane coding. See section 8.1.3.7 for a description of AC prediction.

7.1.1.29 Conditional Overlap Flag (CONDOVER) (Variable size)

CONDOVER is a variable-sized syntax element that shall be present only in advanced profile I pictures, and only when
OVERLAP == 1, and PQUANT is less than or equal to 8 (regardless of HALFQP). CONDOVER may take the values
of Ob, or 10b, or 11b. For the meaning of these values, and how CONDOVER affects overlap smoothing in advanced
profile, see section 8.5.2 (Rules 4c¢. 4d. and 4e).

7.1.1.30 Conditional Overlap Macroblock Pattern Flags (OVERFLAGS) (Variable size)

OVERFLAGS is a bitplane coded syntax element that shall be present only in advanced profile I pictures, and only
when CONDOVER has the binary value 11. See section 8.5.2 for a description of how OVERFLAGS affects
overloop smoothing.

7.1.1.31 Macroblock Quantization (VOPDQUANT) (Variable size)

The VOPDQUANT syntax element shall be made up of several bitstream syntax elements as shown in Figure 21.
VOPDQUANT shall be present in Progressive P and B pictures, and in advanced profile I pictures, when the sequence
header syntax element DQUANT is nonzero.

The syntax of VOPDQUANT is dependent on the value of DQUANT. The syntax of VOPDQUANT is defined in
Table 24. The macroblock quantizer step size (MQUANT) of the individual macroblocks in the picture is modified as
specified below:
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Case 1: DQUANT ==1.
There are four possibilities in this case:

1. Those macroblocks located on the picture edge boundary shall be quantized with a second quantization
step size (ALTPQUANT), while all other macroblocks shall be quantized with the frame quantization
step size (PQUANT).

2.  Two adjacent edges are signaled (see Table 45), and those macroblocks located on the two picture edges
shall be quantized with ALTPQUANT, while the rest of the macroblocks shall be quantized with
PQUANT.

3. One edge only is signaled (see Table 44) and those macroblocks located on the picture edge are
quantized with ALTPQUANT while the rest of the macroblocks are quantized with PQUANT.

4. Every single macroblock may be quantized differently. In this case, it will be indicated whether each
macroblock may be selected from only two quantization steps (PQUANT or ALTPQUANT), or whether
each macroblock may be arbitrarily quantized using any step size.

Case 2: DQUANT ==2.

1. The macroblocks located on the picture edge boundary shall be quantized with ALTPQUANT while the

rest of the macroblocks shall be quantized with PQUANT.

The VOPDQUANT syntax elements are defined as follows:

7.1.1.31.1 Differential Quantizer Frame (DQUANTFRM) (1 bit)

The DQUANTFRM is a 1-bit syntax element that shall be present only when DQUANT ==1. If
DQUANTFRM == 0, then the current picture shall only be quantized with PQUANT. The value of
DQUANTFRM shall be set to the default value of zero, if DQUANT != 1.

7.1.1.31.2 Differential Quantizer Profile (DQPROFILE) (2 bits)

The DQPROFILE is a 2-bit syntax element that shall be present only when DQUANT == 1 and
DQUANTFRM == 1. It shall specify where it is allowable to change quantization step sizes within the
current picture as defined in Table 43.

Table 43: Macroblock Quantization Profile (DQPROFILE) Code Table

DQPROFIL Location

E FLC

00b All four Edges
01b Double Edge
10b Single Edge
11b All Macroblocks

7.1.1.31.3 Differential Quantizer Single Boundary Edge (DQSBEDGE) (2 bits)

The DQSBEDGE is a 2-bit syntax element that shall be present present when DQPROFILE == ‘Single Edge’.
It shall specify which edge will be quantized with ALTPQUANT as defined in Table 44.
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Table 44: Single Boundary Edge Selection (DQSBEDGE) Code Table

DQSBEDG Boundary Edge
EFLC

00b Left

01b Top

10b Right

11b Bottom

7.1.1.31.4 Differential Quantizer Double Boundary Edge (DQDBEDGE) (2 bits)

The DQDBEDGE is a 2-bit syntax element that shall be present only when DQPROFILE == ‘Double Edge’.
It shall specify which two edges will be quantized with ALTPQUANT as defined in Table 45.

Table 45: Double Boundary Edges Selection (DQDBEDGE) Code Table

DQDBEDG Boundary Edges
E FLC

00b Left and Top
01b Top and Right
10b Right and Bottom
11b Bottom and Left

7.1.1.31.5 Differential Quantizer Binary Level (DQBILEVEL) (1 bit)

The DQBILEVEL is a 1-bit syntax element that shall be present only when DQPROFILE == ‘All
Macroblocks’ (see Table 43). If DQBILEVEL == 1, then each macroblock in the picture may take one of two
possible values (PQUANT or ALTPQUANT). If DQBILEVEL == 0, then each macroblock in the picture
may take on any quantization step size.

7.1.1.31.6 Picture Quantizer Differential (PQDIFF) (3 bits)

PQDIFF is a 3 bit syntax element that signals either the PQUANT differential or an escape code (see Table 24)

If PQDIFF != 7, then PQDIFF signals the differential, and the ABSPQ syntax element shall not be present in
the bitstream. In this case:

ALTPQUANT = PQUANT + PQDIFF + 1

If PQDIFF equals 7, then PQDIFF signals the escape code and the ABSPQ syntax element shall be present in
the bitstream, and ALTPQUANT shall be decoded as:

ALTPQUANT = ABSPQ
Note: The value of ALTPQUANT has to be in the range of 1 to 31 for the bitstream to be valid.

7.1.1.31.7 Absolute Picture Quantizer (ABSPQ) (5 bits)

ABSPQ is a 5-bit syntax element that shall be present in the bitstream only if PQDIFF equals 7. In this case,
ABSPQ shall directly signal the value of ALTPQUANT as described above.

Private SMPTE Committee Document: Not for Publication 105



Committee Draft: Video Codec VC-1

7.1.1.32 Motion Vector Mode (MVMODE) (Variable size)

MVMODE is a variable-sized syntax element that shall be present in P and B picture headers. For P Pictures, the
MVMODE syntax element shall signal one of four motion vector coding modes, or the intensity compensation mode. If
the bitstream corresponds to the simple profile, the MVMODE syntax element shall not take the value corresponding to
intensity compensation mode.

For P pictures. depending on the value of PQUANT, MVMODE shall be as defined in either Table 46 or Table 47.
Table 46: P Picture Low rate (PQUANT > 12) MVMODE codetable

MVMOD | Mode

E VLC

1b 1-MV Half-pel bilinear
01b 1-MV

001b 1-MV Half-pel

0000b Mixed-MV

0001b Intensity Compensation

Table 47: P Picture High rate (PQUANT <= 12) MVMODE codetable

MVMOD | Mode

E VLC

1b 1-MV

01b Mixed-MV

001b 1-MV Half-pel

0000b 1-MV Half-pel bilinear
0001b Intensity Compensation

For B pictures, MVMODE shall be as defined in Table 48.
Table 48: B Picture MVMODE codetable

MVMODE Mode

VLC

b 1I-MV

Ob 1-MV Half-pel Bilinear

Note: Intensity compensation cannot be signaled for B Pictures, and only two motion modes are valid

7.1.1.33 Motion Vector Mode 2(MVMODEZ2) (Variable size)

MVMODE?2 is a variable-sized syntax element that shall be present in P pictures, and only if the picture header syntax
element MVMODE == 0001b (intensity compensation, see Table 46 and Table 47). Refer to section 8.3.4.3 for a
description of motion vector mode and intensity compensation. Depending on the value of PQUANT, MVMODE2
shall be as defined in either Table 49 or Table 50.
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Table 49: P Picture Low rate (PQUANT > 12) MVMODE?2 codetable

MVMODE | Mode

2 VLC

1b 1-MV Half-pel bilinear
01b 1-MV

001b 1-MV Half-pel

000b Mixed-MV

Table 50: P Picture High rate (PQUANT <= 12) MVMODE?2 codetable

MVMODE | Mode

2 VLC

1b 1-MV

01b Mixed-MV

001b 1-MV Half-pel

000b 1-MV Half-pel bilinear

7.1.1.34 Luma Scale (LUMSCALE)(6 bits)

LUMSCALE is a 6-bit syntax element that shall be present in P pictures, and only if the picture header syntax element
MVMODE == 0001b (intensity compensation). LUMSCALE shall be as defined in section 8.3.8.

7.1.1.35 Luma Shift (LUMSHIFT)(6 bits)

LUMSHIFT is a 6-bit syntax element that shall be present in P pictures, and only if the picture header syntax element
MVMODE == 0001b (intensity compensation). LUMSHIFT shall be as defined in section 8.3.8.

7.1.1.36 Motion Vector Type Bitplane (MVTYPEMB)(Variable size)

MVTYPEMB is a variable-sized syntax element that shall be present in P pictures if MVMODE or MVMODE2
indicates that “Mixed-MV” motion vector mode is used. The MVTYPEMB syntax element uses bitplane coding to
signal the motion vector type (1 or 4 MV) for each macroblock in the frame. MVTYPEMB shall be defined as in
section 8.3.4.3. Refer to section 8.7 for a description of the bitplane coding method. Refer to section 8.3.5.2 for a
description of the motion vector decoding process.

7.1.1.37 Skipped Macroblock Bit Syntax Element (SKIPMB)(Variable size)

SKIPMB is a variable-sized syntax element that shall be present in P or B pictures. The SKIPMB syntax element
signals the skipped macroblocks using a bitplane coding method. SKIPMB shall be as defined in section 8.3.4.4. Refer
to section 8.7 for a description of the bitplane coding method.

7.1.1.38 Motion Vector Table (MVTAB) (2 bits)

MVTAB is a 2-bit syntax element that shall be present only in P and B frames. The MVTAB syntax element shall
specify which of four tables is used to decode the motion vector data as defined in Table 51. Refer to section 8.3.5.2 for
a description of the motion vector decoding process.
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Table 51: MVTAB code-table

MVTAB | Motion Vector Differential VLC
FLC Table

00b Table 0 (Table 246)

01b Table 1 (Table 247)

10b Table 2 (Table 248)

11b Table 3 (Table 249)

The motion vector tables are listed in section 11.10.

7.1.1.39 Coded Block Pattern Table (CBPTAB) (2 bits)

CBPTARB is a 2-bit syntax element that shall be present in P and B frames. CBPTAB shall specify the table used to
decode the CBPCY syntax element (described in section 7.1.3.1) for each coded macroblock in P and B pictures, as
defined in Table 52. The CBP tables are listed in section 11.6. See section 8.3.5.2 for a description of how CBPCY is
used.

Table 52: CBPTAB table

CBPTAB | Table used to decode CBPCY (P
FLC & B pictures)

00b CBP Table 0 (Table 169)

01b CBP Table 1 (Table 170)

10b CBP Table 2 (Table 171)

11b CBP Table 3 (Table 172)

7.1.1.40 Macroblock-level Transform Type Flag (TTMBF) (1 bit)

TTMBEF is 1-bit syntax element that shall be present in P and B picture headers, and only if the sequence-level syntax
element VSTRANSFORM == 1. If TTMBF == 1, then the TTFRM syntax element shall also be present in the picture
layer. See section 8.3.4.7 for a description.

7.1.1.41 Frame-level Transform Type (TTFRM) (2 bits)

TTFRM is a 2-bit syntax element that shall be present in P and B picture headers only if VSTRANSFORM == 1 and
TTMBF == 1. The TTFRM syntax element shall be as defined in Table 53. See section 8.3.4.8 for a description.

Table 53: Transform type select code-table

TTFRM | Transform type
FLC

00b 8x8 Transform
01b 8x4 Transform
10b 4x8 Transform
11b 4x4 Transform
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7.1.1.42 B Frame Direct Mode Macroblock Bit syntax element (DIRECTMB)(Variable size)

DIRECTMB is a variable-sized syntax element that shall only be present in B pictures. The DIRECTMB syntax
element uses bitplane coding to specify the macroblocks in the B picture that are coded in ‘Direct’ mode. The
DIRECTMB syntax element may also specify that the ‘Direct’ mode is signaled in raw mode (see section 7.1.3.12).
Refer to section 8.7 for a description of the bitplane coding method.

7.1.2 Slice Layer

A slice represents one or more contiguous rows of macroblocks. A slice-layer is present only in the advanced profile.
Even in the advanced profile, the slice layer is optional, and may be skipped by coding a picture as a single bitstream
data unit. When a picture is coded in multiple Bitstream Data Units (BDUs), slices are used. A slice shall always begin
at the first macroblock in a row and shall always end at the last macroblock in the same or another row. Thus a slice
shall contain an integer number of complete rows. A slice shall always be byte-aligned and each slice shall be contained
in a different BDU.

The beginning of a new slice is detected through a search for start-codes as defined in Annex E. The first BDU in a
frame shall be preceded by the frame start code, and shall contain the frame layer syntax elements. The first BDU in the
second field of an inter-lace field coded picture shall be preceded by the field start code, and shall contain the field
layer syntax elements. The other BDUs in the picture shall be preceded by the slice start code, and contain the slice
layer syntax elements.

When a new slice begins, motion vector predictors, predictors for AC and DC coefficients, and the predictors for
quantization parameters shall be reset. In other words, with respect to prediction, the first row of macroblocks in the
slice shall be considered to be the first row of macroblocks in the picture. This ensures that there is no inter-slice
dependency in predictors.

Further, when slices are used, all bitplane information shall be carried in raw coding mode which ensures that each
macroblock carries its own local information. For the purposes of deblocking, each slice shall be treated independently.
In other words, the top and bottom macroblock rows of each slice are treated as if they are the top and macroblocks
rows of the picture in the deblocking process. Thus, there shall be no loop-filtering across slices. No overlap smoothing
shall be allowed across a macroblock boundary if the adjacent macroblocks belong to different slices. Thus, there is no
overlap smoothing across different slices.

The Slice Layer shall be as defined in Figure 22. The syntax elements that make up the slice layer are defined in the
following sections.

7.1.2.1  Slice Address (SLICE_ADDR)(9 bits)

SLICE _ADDR is a 9-bit syntax element. The row address of the first macroblock row in the slice shall be binary
encoded in this syntax element. This syntax element may take the value from 1 to 511 as a binary value. The value 0 for
this syntax element is SMPTE Reserved.

Note: The maximum picture size of 8192 pixels corresponds to a maximum of 512 macroblock rows. Further, the first
macroblock row in the frame/field cannot be preceded by a slice header, and therefore the SLICE_ADDR syntax
element does not take the value 0.

7.1.2.2  Picture Header Present Flag (PIC_HEADER_FLAG)(1 bit)

PIC HEADER FLAG is a 1-bit syntax element that shall be present in the slice header. If PIC HEADER FLAG == 0,
then the picture header information shall not be repeated in the slice header. If the PIC_ HEADER FLAG == 1, the
picture header information shall be repeated in the slice header.

7.1.3 Macroblock Layer

Data for each macroblock shall consist of a macroblock header followed by the block layer. Figure 23 — Figure 26, and
Table 27 - Table 30 show the macroblock layer structure for I picture, P picture and B picture macroblocks. The
elements that make up the macroblock layer are described in the following sections. Specified in square brackets are the
types (intra, inter or both) in which the block elements occur.
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7.1.3.1 Coded Block Pattern (CBPCY) (Variable size)[l, P,B]

CBPCY is a variable-sized syntax element that shall be present in all I and BI picture macroblocks, and may be present
in P and B picture macroblocks. In I and BI pictures, CBPCY shall be decoded using the VLC table of section 11.5. In
P and B pictures, CBPCY shall be decoded using the VLC table specified by the CBPTAB syntax element as described
in section 7.1.1.39. The CBPCY tables for P and B pictures are defined in section 11.6. Section 8.1.2.1 describes the
CBPCY syntax element in I picture macroblocks and section 8.3.5.5 describes the CBPCY syntax element in P picture
and B picture macroblocks.

7.1.3.2  AC Prediction Flag (ACPRED)(1 bit)[I, P,B]

ACPRED is a 1-bit syntax element that shall be present in all I and BI picture macroblocks and in intra macroblocks in
P pictures and B Pictures. In advanced profile I and BI pictures, ACPRED shall be present at the macroblock layer only
if the raw mode is used to code the ACPRED bitplane. See section 8.3.5.1 for a description of the macroblock types.
ACPRED shall also be present in a 4-MV macroblock in P pictures, only if at least one of the blocks in that macroblock
is intra-coded, and if that block(s) has a non-zero predictor. (See section 8.3.6.1.3 for details on determining if a block
has a non-zero predictor). ACPRED = 0 shall indicate that AC prediction was not used. ACPRED = 1 shall indicate that
AC prediction was used. See section 8.1.2.2 for a description of the ACPRED syntax element in I pictures and section
8.3.6.1 for a description of the ACPRED syntax element in P and B pictures.

7.1.3.3  Conditional Overlap Macroblock Pattern Flag (OVERFLAGMB) (1 bit) [I]

OVERFLAGMB is a 1 bit syntax element that shall be present only in advanced profile I pictures, only when
CONDOVER has the value 11b and only when the raw mode is chosen to encode the OVERFLAGS plane. In this
case, one bit shall be present in the macroblock header to indicate whether or not to perform overlap filtering to edge
pixels within the block and neighboring blocks. See section 8.5.2 for a description.

7.1.3.4 Macroblock Quantizer Differential (MQDIFF)(Variable size)[I,P,B]

MQDIFF is a variable-sized syntax element that shall be present in P and B pictures, and in advanced profile I pictures
only if the picture layer syntax element DQPROFILE == ‘All Macroblocks’. The syntax depends on the DQBILEVEL
syntax element as defined below.

If DQBILEVEL == 1, then MQDIFF shall be a 1 bit syntax element and the ABSMQ syntax element shall not be
present in the bitstream. If MQDIFF == 0, then MQUANT = PQUANT (meaning that PQUANT shall be used as the
quantization step size for the current macroblock). If MQDIFF == 1, then MQUANT = ALTPQUANT.

If DQBILEVEL == 0, then MQDIFF shall be a 3 bit syntax element. In this case MQDIFF shall decode either to an
MQUANT differential or to an escape code as follows:

If MQDIFF does not equal 7, then MQDIFF shall decode to the differential and the ABSMQ syntax element
shall not be present in the bitstream. In this case:

MQUANT = PQUANT + MQDIFF

MQUANT shall be in the range of 1 to 31 for the bitstream to be valid. If MQDIFF equals 7, then the ABSMQ
syntax element shall be present in the bitstream and MQUANT shall be decoded as:

MQUANT = ABSMQ
Figure 29 defines this computation of MQUANT.
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if (DQPROFILE == ‘all macroblocks®) {
if (DQBILEVEL){
/[Decode 1 bit flag MQDIFF
if (MQDIFF == 0)
MQUANT = PQUANT
else
MQUANT = ALTPQUANT

}
else {
/[Decode 3 bit syntax element MQDIFF
if (MQDIFF I=7){
MQUANT = PQUANT + MQDIFF; // Note MQUANT has be in the range 1 to 31
}
else {
/[Decode 5 bit syntax element ABSMQ
MQUANT = ABSMQ); //Note MQUANT has to be in the range 1 to 31
}
}

Figure 29: Calculation of MQUANT when DQPROFILE == ‘all macroblocks’

7.1.3.5  Absolute Macroblock Quantizer Scale (ABSMQ)(5 bits)[1,P,B]

ABSMQ is a 5 bit syntax element that shall be present in the bitstream only if MQDIFF == 7. In this case, ABSMQ
directly decodes to the value of MQUANT as defined in Figure 29 above (i.e. MQUANT = ABSMQ).

7.1.3.6 MV Mode Bit (MVMODEBIT)(1 bit)[P]

MVMODEBIT is a 1-bit syntax element that shall be present in P frame macroblocks if the picture is coded in ‘Mixed-
MV’ Mode, and only when the raw mode is chosen to code the MVTYPEMB bitplane (see section 7.1.1.36). The
definition of raw mode is where the IMODE Coding Mode is set to ‘Raw’ as defined in section 7.2.2 (Table 69). If
MVMODEBIT == 0, then the macroblock shall be coded in 1-MV mode, and if MVMODEBIT == 1, then the
macroblock shall be coded in 4-MV mode.

7.1.3.7  Skip MB Bit (SKIPMBBIT)(L bit)[P,B]

SKIPMBBIT is a 1-bit syntax element that shall be present in P and B frame macroblocks if the raw mode is used to
code the SKIPMB bitplane (see section 7.1.1.32). For definition of raw mode, see section 7.2.2 (Table 69). If
SKIPMBBIT == 1, then the macroblock shall be skipped. If SKIPMBBIT == 0, the macroblock shall not be skipped.
See section 8.3.4.4 for details on skipped macroblocks.

7.1.3.8  Motion Vector Data (MVDATA)(Variable size)[P]

MVDATA is a variable sized syntax element that may be present in P picture macroblocks. This syntax element
decodes to the motion vector(s) for the macroblock. The table used to decode this syntax element is specified by the
MVTAB syntax element in the picture layer as specified in section 7.1.1.38. See section 8.3.5.2.1 for a description of
the motion vector decode process.

7.1.3.9 Hybrid Motion Vector Prediction (HYBRIDPRED)(1 bit)[P]

HYBRIDPRED is a 1-bit syntax element per motion vector that may be present in P picture macroblocks. Section
8.3.5.3.5 describes how HYBRIDPRED is used in the decoding process.
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7.1.3.10 MB-level Transform Type (TTMB)(Variable size)[P,B]

The TTMB syntax element is a variable syntax element and shall be present in P and B picture inter-coded
macroblocks, if the picture layer syntax element TTMBF == 0, and if at least one of the blocks has non-zero
coefficients (i.e. at least one coded block in the macroblock). The TTMB syntax element shall specify the transform
type, the signal level and the subblock pattern. If the signal level specifies macroblock mode, the transform type
decoded from the TTMB syntax element shall be used to decode all coded blocks in the macroblock. If the signal level
signals block mode, then the transform type decoded from the TTMB syntax element shall be used to decode the first
coded block in the macroblock. The transform type of the remaining blocks shall be decoded at the block level. If the
transform type is 8x4 or 4x8, then the subblock pattern shall indicate the subblock pattern of the first block. The
subblock pattern indicates which of 8x4 or 4x8 subblocks have at least one non-zero coefficient.

The table used to decode the TTMB syntax element depends on the value of PQUANT. For PQUANT less than or
equal to 4, Table 54 shall be used. For PQUANT greater than 4 and less than or equal to 12, Table 55 shall be used. For
PQUANT greater than 12,

Table 56 shall be used.

Table 54: High Rate (PQUANT < 5) TTMB VLC Table

TTMB VLC Transform Signal Level Subblock
Type Pattern

11b 8x8 Block NA
101110b 8x4 Block Bottom
1011111b 8x4 Block Top
00b 8x4 Block Both
10110b 4x8 Block Right
10101b 4x8 Block Left
01b 4x8 Block Both
100b 4x4 Block NA
10100b 8x8 Macroblock NA
1011110001b 8x4 Macroblock Bottom
101111001b 8x4 Macroblock Top
101111011b 8x4 Macroblock Both
101111000000b 4x8 Macroblock Right
101111000001b 4x8 Macroblock Left
10111100001b 4x8 Macroblock Both
101111010b 4x4 Macroblock NA
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Table 55: Medium Rate (5 <= PQUANT < 13) TTMB VLC Table

TTMB VLC Transform Signal Level Subblock
Type Pattern
110b 8x8 Block NA
0110b 8x4 Block Bottom
0011b 8x4 Block Top
0111b 8x4 Block Both
1111b 4x8 Block Right
1110b 4x8 Block Left
000b 4x8 Block Both
010b 4x4 Block NA
10b 8x8 Macroblock NA
0010100b 8x4 Macroblock Bottom
0010001b 8x4 Macroblock Top
001011b 8x4 Macroblock Both
001001b 4x8 Macroblock Right
00100001b 4x8 Macroblock Left
0010101b 4x8 Macroblock Both
00100000b 4x4 Macroblock NA
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Table 56: Low Rate (PQUANT >=13) TTMB VLC Table

TTMB VLC Transform Signal Level Subblock
Type Pattern
110b 8x8 Block NA
000b 8x4 Block Bottom
1110b 8x4 Block Top
00101b 8x4 Block Both
010b 4x8 Block Right
011b 4x8 Block Left
0011b 4x8 Block Both
1111b 4x4 Block NA
10b 8x8 Macroblock NA
0010000001b 8x4 Macroblock Bottom
00100001b 8x4 Macroblock Top
001001b 8x4 Macroblock Both
00100000001b 4x8 Macroblock Right
001000001b 4x8 Macroblock Left
0010001b 4x8 Macroblock Both
00100000000b 4x4 Macroblock NA

7.1.3.11 Block-level Motion Vector Data (BLKMVDATA)(Variable size)[P]

BLKMVDATA is a variable-sized syntax element that that may be present in P picture macroblocks that are coded in 4-
MYV mode. This syntax element decodes to the motion information for the block. The table used to decode this syntax
element shall be specified by the MVTAB syntax element in the picture layer as specified in section 7.1.1.38. See
section 8.3.5.2.1 for a description of when the BLKMVDATA syntax element is present and how it is used.

7.1.3.12 Direct B Frame Coding Mode (DIRECTBBIT)(1 bit)[B]

DIRECTBBIT is a 1-bit syntax element that shall be present in B frame macroblocks if the frame level syntax element
DIRECTMB (see section 7.1.1.42) indicates that raw mode is used (see section 7.2.2, Table 69). If DIRECTBBIT == 1,
then the macroblock shall be decoded using ‘Direct’ mode. See section 8.4.5.3 for details on ‘Direct’ mode.

7.1.3.13 B Macroblock Motion Vector 1 (BMV1)(Variable size)[B]

BMV1 is a variable sized syntax element that may be present in B picture macroblocks. This syntax element decodes to
the first motion vector for the macroblock. The table used to decode this syntax element shall be specified by the
MVTAB syntax element in the picture layer as specified in section 7.1.1.38. The decoding procedure for BMV1 is
identical to the procedure for decoding MVDATA and is described in section 8.3.5.2.1.

7.1.3.14 B Macroblock Motion Prediction Type (BMVTYPE)(Variable size)[B]

BMVTYPE is a variable sized syntax element that may be present in B frame macroblocks and indicates whether the
macroblock uses forward, backward or interpolated prediction. The value of BFRACTION (in the picture header, see
section 7.1.1.14) along with BMVTYPE shall determine which type is used as defined in Table 57.
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Table 57: B Frame Motion Prediction Type

BMVTYPE Motion Prediction Type
VLC . . . .
Fraction (derived Fraction (derived
from BFRACTION) | from BFRACTION)
>=1/2 <12
0b Backward Forward
10b Forward Backward
11b Interpolated Interpolated

7.1.3.15 B Macroblock Motion Vector 2 (BMV2)(Variable size)[B]

BMV?2 is a variable sized syntax element that shall be present in B picture macroblocks if the Interpolated mode is used.
This syntax element decodes to the forward motion vector for the macroblock. In this case, the backward motion vector
is decoded from BMV1. If BMV2 is present, it shall not indicate that the macroblock is intra-coded (i.e. decoding of
BMV2 sets the corresponding intra_flag to 0). The table used to decode this syntax element shall be specified by the
MVTAB syntax element in the picture layer as specified in section 7.1.1.38. The decoding procedure for BMV2 shall
be identical to the procedure for MVDATA and is described in section 8.3.5.2.1.

7.1.4 Block Layer

Figure 27 and Figure 28 show the block layer syntax elements for intra and inter-coded blocks respectively. The
elements that make up the block layer are described in the following sections. Specified in square brackets are the types
(intra, inter or both) in which the block elements occur.

7.1.4.1 Transform DC Coefficient (DCCOEF)(Variable size)[intra]

The DCCOEF is a variable-sized syntax element that shall only be present in intra-coded blocks and decodes to either
the transform DC differential or the escape code. Refer to section 8.1.3.1 for a definition of the Transform DC decoding
process. One of two code tables is used to decode the DCCOEF and the chosen table shall be specified by the
TRANSDCTAB syntax element in the picture header as described in section 8.1.1.2. Section 11.7 lists the DC tables.

7.1.4.2  Transform DC Coefficient (DCCOEFESC)(variable size)[intra]

The DCCOEFESC syntax element shall only be present in intra-coded blocks and only if DCCOEF decodes to the
escape code (refer to 7.1.4.7). The size of DCCOEFESC syntax element may be 8, 9 or 10 bits, depending on the
quantization step size of the block. Refer to section 8.1.3.1 for a description of the Transform DC decoding process.

7.1.4.3 Transform DC Coefficient Extension for Quantl (DCCOEF_EXTQUANT1)(2 bit)[intra]

The DCCOEF_EXTQUANTTI is a 2-bit syntax element that shall only be present in intra-coded blocks, and only if
DCCOEF is decodes to a non-zero and non-escape code value, and if the quantizer step size for the block has the value
1. This syntax element shall be used in conjunction with DCCOEF to determine the value of the DC differential when
the quantizer step size takes the value 1. Refer to section 8.1.3.1 for a description of the Transform DC decoding
process.

7.1.4.4  Transform DC Coefficient Extension for Quant2 (DCCOEF_EXTQUANT2)(1 bit)[intra]

The DCCOEF_EXTQUANT?2 is a 1-bit syntax element that shall only be present in intra-coded blocks, and only if
DCCOEF decodes to a non-zero and non-escape code value, and if the quantizer step size for the block has the value 2.
This syntax element shall be used in conjunction with DCCOEF to determine the value of the DC differential when the
quantizer step size takes the value 2. Refer to section 8.1.3.1 for a description of the Transform DC decoding process.

7.1.45 Transform DC Sign (DCSIGN)(1 bit)[intra]

DCSIGN is a one-bit syntax element that indicates the sign of the DC differential. It shall only be present if DCCOEF
decodes to a non-zero value. If DCSIGN == 0, then the DC differential is positive. If DCSIGN == 1, then the DC
differential is negative.
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7.1.4.6  Transform AC Coefficient 1 (ACCOEF1)(Variable size)[both]

ACCOEFI is a variable-sized syntax element that may be present in both intra and inter blocks. This is a variable-
length codeword that shall decode to the run, level and last flag for each non-zero AC coefficient. Refer to section
8.1.3.4 for a description of the Transform AC decoding process. One of three code tables shall be used to decode
ACCOEF]. The table is signaled in the picture header by the TRANSACFRM or TRANSACFRM?2 as defined in
sections 8.1.3.4 and 8.3.4.9. Section 11.8 lists the AC code tables.

7.1.4.7 Transform AC Escape Decoding Mode (ESCMODE)(Variable size)[both]

ESCMODE is a variable-sized syntax element that may be present in both intra and inter blocks. It shall only be present
if ACCOEF1 decodes to the escape code. ESCMODE shall specify which of three escape decoding methods are used to
decode the AC coefficient. Table 58 shows the code-table used to decode the escape modes.

Table 58: AC escape decoding mode code-table

ESCMODE AC  Escape

VLC Decoding
Mode

1b Mode 1

01b Mode 2

00b Mode 3

If Mode 1 or Mode 2 decoding mode is specified, then the bitstream shall contain the ACCOEF2 element as described
in section 7.1.4.8. If Mode 3 decoding mode is specified, then the bitstream shall contain the ESCLR, ESCRUN,
ESCLVL and LVLSIGN2 syntax elements and may contain the ESCLVLSZ and ESCRUNSZ elements, as described in
sections 7.1.4.9 - 7.1.4.11.

7.1.4.8 Transform AC Coefficient 2 (ACCOEF2)(Variable size)[both]

ACCOEF2 is a variable-sized syntax element that may be present in both intra and inter blocks. It shall only be present
if ACCOEF1 decodes to the escape code and if the ESCMODE syntax element (described in section 7.1.4.7) specifies
AC decoding Escape Mode 1 or 2 (refer to section 8.1.3.4 for a description of the Transform AC decoding process).
One of three code tables shall be used to decode ACCOEF2. The table is signaled in the picture header by the
TRANSACFRM or TRANSACFRM?2 as described in sections 8.1.3.4 and 8.3.4.9. Section 11.8 lists the AC tables.

7.1.4.9 Escape Mode 3 Last Run (ESCLR)(1 bit)[both]

ESCLR is a 1-bit syntax element that may be present in both intra and inter blocks. It shall only be present if
ESCMODE specifies AC decoding Escape Mode 3. ESCLR shall specify whether this coefficient is the last non-zero
coefficient in the block. If ESCLR == 1, then this coefficient shall be the last non-zero coefficient. If ESCLR == 0, then
this coefficient shall not be the last non-zero coefficient.

7.1.4.10 Escape Mode 3 Level Size (ESCLVLSZ)(Variable size)[both]

ESCLVLSZ is a variable-sized syntax element that may be present in both intra and inter blocks. It shall only be
present if ESCMODE specifies AC decoding Escape Mode 3, and if this is the first time Mode 3 has been signaled
within the current picture (in other words, all subsequent instances of Escape Mode 3 coding within this picture do not
have this syntax element). ESCLVLSZ shall specify the codeword size for the Mode 3 escape-coded level values for
the entire picture. If there are multiple slices in a picture, ESCLVLSZ shall only be present in a slice if ESCMODE
specifies AC decoding Escape Mode 3, and if this is the first time Mode 3 has been signaled within that slice. In this
case,ESCLVLSZ shall have the same value in all the slices of that picture.

Table 59 (conservative table) shall be used to decode ESCLVLSZ when PQUANT is between 1 and 7, both values
inclusive, or if VOPDQUANT syntax element is present in that picture and the quantizer can vary in the picture as
determined by the pseudocode in Table 24. Table 60 (efficient table) shall be used when PQUANT is 8 and higher,
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and if VOPDQUANT syntax element is absent in that picture or if the same quantizer is used in the picture as
determined by the pseudocode in Table 24.

Note: The conservative table covers the widest range of possible transform values, whereas the efficient table covers a
limited subset and is therefore used when the values may be guaranteed to be within the available range.

Table 59: Escape Mode 3 level codeword size conservative code-table (used for 1 <= PQUANT <=7 or if
VOPDQUANT is present and quantizer can vary in picture)

1 <=PQUANT <=7
ESCLVLS | Level codeword size
ZVLC
001b 1
010b 2
011b 3
100b 4
101b 5
110b 6
111b 7
00000b 8
00001b 9
00010b 10
00011b 11
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Table 60: Escape Mode 3 level codeword size efficient code-table (used for 8 <= PQUANT <= 31, and if
VOPDQUANT is absent or if the same quantizer is used in the picture)

8 <= PQUANT <=31
ESCLVLS | Level codeword size
ZVLC
1b 2
01b 3
001b 4
0001b 5
00001b 6
000001b 7
000000b 8

7.1.4.11 Escape Mode 3 Run Size (ESCRUNSZ)(2 bits)[both]

ESCRUNSZ is a 2-bit syntax element that may be present in both intra and inter blocks. It shall only be present if
ESCMODE specifies AC decoding escape mode 3, and if this is the first time escape mode 3 is signaled within the
frame. ESCRUNSZ shall specify the codeword size for the mode 3 escape-coded run values for the entire frame. If
there are multiple slices in a frame, ESCRUNSZ shall be present in a slice if this is the first time mode 3 has been
signaled within that slice, and ESCRUNSZ shall have the same value in all the slices of that frame. The run codeword
size shall be decoded according to Table 61:

Table 61: Escape Mode 3 run codeword size code-table

ESCRUNSZ FLC Run codeword size
00b 3
01b 4
10b 5
11b 6

7.1.4.12 Escape Mode 3 Run (ESCRUN)(Variable size)[both]

ESCRUN may be present in both intra and inter blocks. It shall only be present if ESCMODE specifies AC decoding
Escape Mode 3. The size of the ESCRUN codeword is fixed throughout the picture, with the size being specified in the
ESCRUNSZ syntax element described in section 7.1.4.11. ESCRUN shall directly decode to the run value for the
coefficient. For example, if the size (from ESCRUNSZ) is 4 bits and the value is 0101b, then the run is decoded as 5.
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7.1.4.13 Escape Mode 3 Level Sign (LVLSGN2)(1 bit)[both]

LVLSGN2 is a 1-bit syntax element that may be present in both intra and inter blocks. It shall only be present if
ESCMODE specifies AC decoding Escape Mode 3. LVLSGN2 specifies the sign of the decoded level value
(ESCLVL). If LVLSGN2 == 0, then the level shall be positive. If LVLSGN2 == 1, then the level shall be negative.

7.1.4.14 Escape Mode 3 Level (ESCLVL)(Variable size)[both]

ESCLVL may be present in both intra and inter blocks. It shall only be present if ESCMODE specifies AC decoding
Escape Mode 3. The size of the ESCLVL codeword is fixed throughout the frame, with the size being specified in the
ESCLVLSZ syntax element described in section 7.1.4.10. ESCLVL shall directly decode to the level value for the
coefficient. For example, if the size (from ESCLVLSZ) is 3 bits and the value is 110b, then the run is decoded as 6.

7.1.4.15 Transform AC Level Sign (LVLSIGN)(1 bit)[both]

LVLSIGN may be present in both intra and inter blocks. It shall always be present unless ESCMODE specifies AC
decoding Escape Mode 3. LVLSIGN is a one-bit value that shall specify the sign of the AC level. Refer to section
8.1.3.4 for a description of the Transform AC decoding process. If LVLSIGN == 0, then the level shall be positive. If
LVLSIGN == 1, then the level shall be negative.

7.1.4.16 Block-level Transform Type (TTBLK)(Variable size)[inter]

The TTBLK syntax element shall be present only in inter-coded blocks and only if the macroblock level syntax element
TTMB (see section 7.1.3.10) indicates that the signaling level is ‘Block.” The 8x8 error blocks may be transformed
using an 8x8 Transform, two 8x4 Transforms, two 4x8 Transforms or four 4x4 Transforms. The TTBLK syntax
element shall decode to the transform type for the inter-coded block as well as the subblock pattern if the transform type
is 8x4 or 4x8. The table used to decode the TTBLK syntax element depends on the value of PQUANT.

If PQUANT <=4, then Table 62 shall be used.
If PQUANT >4 && PQUANT <= 12, then Table 63 shall be used.
If PQUANT > 12, then Table 64 shall be used.

The TTBLK syntax element shall not be present for the first inter-coded block in each macroblock since the transform
type and subblock pattern decoded in TTMB is used for the first inter-coded block. TTBLK shall be present for each
inter-coded block after the first. The subblock pattern indicates which of 8x4 or 4x8 subblocks have at least one non-
zero coefficient.

Table 62: High Rate (PQUANT < 5) TTBLK VLC Table

TTBLK | Transfor | Subblock
VLC m Type Pattern
00b 8x4 Both
01b 4x8 Both
11b 8x8 NA
101b 4x4 NA
10000b 8x4 Top
10001b 8x4 Bottom
10010b 4x8 Right
10011b 4x8 Left
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Table 63: Medium Rate (5 =< PQUANT < 13) TTBLK VLC Table

TTBLK Transfor | Subblock

VLC m Type Pattern
11b 8x8 NA
000b 4x8 Right
001b 4x8 Left
010b 4x4 NA
011b 8x4 Both
101b 4x8 Both
1000b 8x4 Bottom
1001b 8x4 Top

Table 64: Low Rate (PQUANT >=13) TTBLK VLC Table

TTBLK Transfor | Subblock

VLC m Type Pattern
01b 8x8 NA
000b 4x8 Both
001b 4x4 NA
100b 8x4 Bottom
110b 4x8 Right
111b 4x8 Left
1010b 8x4 Both
1011b 8x4 Top

7.1.4.17 Transform sub-block pattern (SUBBLKPAT)(Variable size)[inter]

The SUBBLKPAT syntax element shall only be present in inter-coded blocks and only if the transform type for the
block is 4x4, or if the transform type for the block is 8x4, 4x8 and the two conditions described below are satisfied:
a) if the transform type is specified at the frame level,
b) if the transform type is specified at the macroblock level and the block is not the first coded inter block in the
macroblock.

For 4x4 transform types, the SUBBLKPAT syntax element shall always be present, and it shall specify which of the 4
4x4 subblocks have at least one non-zero coefficient.
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8x8 block

4x4

SBO SB1 } subblock

SB2 SB3

Figure 30: 4x4 Subblocks

The subblock pattern shall be decoded as a 4 bit field where each bit indicates whether the corresponding subblock
contains at least one non-zero coefficient. Figure 30 shows the labeling of the 4 subblocks that make up an 8x8 block.
The subblock pattern shall be decoded as follows:

Subblock pattern = 8 * SB0O + 4 * SB1 + 2 * SB2 + SB3

Where:
SBx = 0 if the corresponding subblock does not contain any non-zero coefficients and
SBx = 1 if the corresponding subblock contains at least one non-zero coefficient.

The following tables show the VLC codewords used to decode the subblock pattern. The table used depends on the
value of PQUANT.

If PQUANT <=4, then Table 65 shall be used.
If PQUANT > 4 && PQUANT <= 12, then

Table 66 shall be used.

I[f PQUANT > 12, then

Table 67 shall be used.

Table 65: High Rate (PQUANT < 5) SUBBLKPAT VLC Table
SUBBLKPA | Subblock | SUBBLKPA | Subblock
T VLC Pattern T VLC Pattern

1b 15 01010 8
0000b 11 01011 4
0001b 13 01100 2
0010b 7 01110 1
00110b 12 01111 14
00111b 3 011010 6
01000b 10 011011 9
01001b 5
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Table 66: Medium Rate (5 =< PQUANT < 13) SUBBLKPAT VLC Table

SUBBLKPA | Subblock | SUBBLKPA | Subblock
T VLC Pattern T VLC Pattern

01b 15 1111 4
000b 2 00100 6
0011b 12 00101 9
1000b 3 10110 14
1001b 10 10111 7
1010b 5 11000 13
1101b 8 11001 11
1110b 1

Table 67: Low Rate (PQUANT >= 13) SUBBLKPAT VLC Table

SUBBLKPA | Subblock | SUBBLKPA | Subblock
T VLC Pattern T VLC Pattern

010b 4 1111 15
011b 8 00000 6
101b 1 00001 9
110b 2 10010 14
0001b 12 10011 13
0010b 3 11100 7
0011b 10 11101 11
1000b 5

8x4 Transform  4x8 Transform

Figure 31: 8x4 and 4x8 Subblocks

For 8x4 or 4x8 transform types, the SUBBLKPAT syntax element specifies which of the two sub-blocks have at least
one non-zero coefficient. For 8x4 and 4x8 transform types, SUBBLKPAT shall be present only if either a) the
transform type is specified at the frame level (TTMBF == 1), or b) if the transform type is specified at the macroblock
level and if the block is not the first coded inter block in the macroblock. If the transform type is specified at the
macroblock level, the coded block pattern for the first coded block in the macroblock is decoded from the TTMB
syntax element. SUBBLKPAT shall be decoded according to Table 68 (an X indicates that the sub-block contains at
least one non-zero coefficient):
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Table 68: 8x4 and 4x8 Transform sub-block pattern code-table for Progressive pictures

SUBBLKPA | 8x4 Sub-block pattern | 4x8 Sub-block pattern
T VLC

Top Bottom Left Right
10b X X
Ob X X X X
11b X X

7.2 Bitplane Coding Syntax

Various frame-level syntax elements use a bitplane coding scheme to indicate the status of the macroblocks that make
up the frame. For example, in P and B frames, the presence of skipped macroblocks is signaled with a bit set to 1 and
the presence of a non-skipped macroblock is signaled with a bit set to 0. These bits are coded as a frame-level bitplane.
The following diagram shows the elements that make up the bitplane. Refer to section 8.7 for a definition of bitplane
coding.

(( Bitplane Syntax ))

INVERT

(worr )
( DATZBWS )

v

Figure 32: Syntax diagram for the bitplane coding

7.2.1 Invert Flag (INVERT) (1-bit)

INVERT is a 1-bit syntax element. Refer to section 8.7.1 for a description of how the INVERT value is used in
decoding the bitplane.

7.2.2 Coding Mode (IMODE) (variable)

IMODE is a variable length syntax element that specifies the coding mode used to decode the bitplane. The IMODE
syntax element shall be as defined in Table 69. Refer to section 8.7.2 for a description of how the IMODE value is used
in decoding the bitplane.
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Table 69: IMODE VLC Codetable

IMOD || Coding Mode

E

VLC

10b Norm-2
11b Norm-6

010b | Rowskip

011b Colskip

001b Diff-2

0001b Diff-6

0000b Raw

7.2.3 Bitplane Coding Bits (DATABITS) (variable)

DATABITS is a variable sized syntax element that decodes the bitplane. The method used to decode the bitplane shall
be determined by the value of IMODE. Refer to section 8.7.3 for a description the different coding methods.

8 Progressive Decoding Process

This section describes the decoding processes required for decoding progressive I pictures (section 8.1), progressive BI
pictures (section 8.2), progressive P pictures (section 8.3) and progressive B pictures (section 8.4) for all profiles.

This section also defines the processes that are common to progressive coded picture types including the overlapped
transform decoding process (section 8.5), the in-loop deblock filtering process (section 8.6), the bitplane coding
process (section 8.7), the sync markers for simple/main profiles (section 8.8), and the pan-scan decoding process for
advanced profile (section 8.9).

8.1 Progressive | Frame Picture Decoding

The following sections describe the processes for decoding progressive I frame pictures.

Section 8.1 defines the picture layer decoding, and section 8.1.2 defines the macroblock and section 8.1.3 defines block
layer decoding.

8.1.1 Progressive | Frame Picture Layer Decode

Figure 13 defines the elements that make up the I Picture layer header for simple and main profiles. Figure 15 defines
the elements that make up the I Frame Picture layer header for the advanced profile.The following sections provide
extra detail for those elements that are not self-explanatory.

8.1.1.1 Frame-level Transform AC Table Index (TRANSACFRM and TRANSACFRM?2)

TRANSACFRM 7.1.1.11) and TRANSACFRM2 (7.1.1.12) are variable-length syntax elements that are present in the
picture layer. The TRANSACFRM syntax element shall provide the index that selects the coding set used to decode the
Transform AC coefficients for the Cy,, C, blocks. The TRANSACFRM2 syntax element shall provide the index that
selects the coding set used to decode the Transform AC coefficients for the Y blocks. Table 39 defines the Transform
AC Coding Set Index code table that shall be used to decode the TRANSACFRM and TRANSACFRM2 syntax
elements. Refer to section 8.1.3.4 for a description of AC coefficient decoding.
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8.1.1.2  Intra Transform DC Table (TRANSDCTAB)

TRANSDCTAB (7.1.1.13) is a one-bit syntax element that shall specify which of two tables is used to decode the
Transform DC coefficients in intra-coded blocks. If TRANSDCTAB == 0, then the low motion tables of Section 11.7.1
shall be used. If TRANSDCTAB == 1, then the high motion tables of Section 11.7.2 shall be used.

8.1.1.3  Picture Resolution Index (RESPIC)

The RESPIC syntax element in I pictures, in main profile, shall specify the scaling factor of the decoded I picture
relative to a full resolution frame. The decoded picture may be full resolution or half the original resolution in either the
horizontal or vertical dimensions or half resolution in both dimensions. The scaling factor shall be decoded from the
RESPIC syntax element according to Table 38.

The resolution decoded in the I picture RESPIC syntax element shall apply to all subsequent P pictures until the next I
picture. In other words, all P pictures are coded at the same resolution as the closest preceding I picture. The RESPIC
syntax element that is present in a P picture header shall carry the same value as the RESPIC syntax element of the
closest temporally preceding I frame.

The pseudo-code of Figure 12 specifies how the new frame dimensions shall be calculated if a downsampled resolution
is indicated.

X =16 * ((CodedWidth + 15) / 16)

Y = 16 * ((CodedHeight + 15) / 16)

X = new horizontal resolution

y = new vertical resolution

hscale = horizontal scaling factor (0 = full resolution, 1= half resolution)
vscale = vertical scaling factor (0 = full resolution, 1= half resolution)

x=X
y=Y
if (hscale == 1)
{
x=X/2

if (x & 15) !=0)
X=X+16 — (x & 15)

}
if (vscale == 1)
{
y=Y/2
if (y & 15) '=0)
y=y+16—(y &15)
}

Figure 33: Calculation of Frame Dimensions in Multires Downsampling Pseudo-code

If the decoded picture is one of the subsampled resolutions, then it may be upsampled to full resolution prior to display
according to Annex B.

8.1.14 Range Reduction Frame - | Frame (RANGEREDFRM)
The RANGEREDFRM  shall only be present when RANGERED = 1 at the sequence level.

When RANGEREDFRM = 1 for the current I picture, the current decoded picture shall be scaled up while keeping the
original reconstructed picture for use in future motion compensation. The pixels shall be scaled up according to the

following formula:
Y[n] = CLIP ((Y[n] — 128) *2 + 128);
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Co[n] = CLIP ((Cy[n] — 128) * 2 + 128);
C(n] = CLIP ((C[n] — 128) *2 + 128);

8.1.2 Macroblock Layer Decode

Figure 8 shows how the picture is composed of macroblocks and blocks. Figure 23 shows the elements that make up the
I Picture macroblock layer.

8.1.2.1 Coded Block Pattern (CBPCY)

The coded block pattern specifies which of the six blocks that make up the macroblock have AC coefficient
information coded within the bitstream. The coded block pattern is derived from the six-bit value obtained from
decoding the variable-length CBPCY syntax element in the macroblock header. The table of section 11.5 shall be used.
The coded block pattern (chpcy) shall be derived from the six-bit value decoded from the CBPCY syntax element
(decoded _cbpcy) as follows:

cbpcy = (predicted_YO << 5)| (predicted_Y1 << 4) | (predicted_Y2 << 3) | (predicted_Y3 << 2)|
(decoded_cbpcy & 0x03)

where predicted_YO .. predicted_Y3 are each one-bit values calculated as follows:
predicted_YO =

L1, ifLT3 equals T2

T2 otherwise

predicted_YO "= ((decoded_cbpcy >> 5) & 0x01);
predicted_Y1 =

predicted YO, if T2 equals T3

T3 otherwise

predicted_Y1 "= ((decoded_cbpcy >> 4) & 0x01);
predicted_Y2 =

L3, if L1 equals predicted_YO

predicted_YO otherwise

predicted_Y2 "= ((decoded_cbpcy >> 3) & 0x01);
predicted_Y3 =

predicted Y2, if predicted_YO equals predicted Y1
predicted_Y1 otherwise

predicted_Y3 "= ((decoded_cbpcy >> 2) & 0x01);

Figure 34: Calculation of cbpcy

L0, L1,L2,L3, LT3, TO, T1, T2 and T3 are one-bit values representing the coded status of the neighboring luma blocks
as illustrated in Figure 35. If the neighboring block is outside the frame boundaries, or if the neighboring block belongs
to a different slice, its coded status shall be set to zero. The figure shows the four luma blocks which make up the
current macroblock outlined in a heavy border along with blocks from the neighboring macroblocks. The values of TO,
T1, etc define whether the corresponding block was coded or not. For example, if LO = 1, then block YO in the
macroblock to the immediate left of the current macroblock was coded. If LO = 0, then the block was not coded.
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TO T1
LT3 T2 T3
LO L1 Current
Macroblock
(Y Blpcks)
L2 L3

Figure 35: CBP encoding using neighboring blocks

The six-bit coded block pattern (chpcy) shall specify which of the six blocks that make up the macroblock have at least
one non-zero AC coefficient coded in the block layer bitstream. The bit positions in the six-bit coded block pattern
syntax element shall correspond to the six blocks as defined in Table 70 (bit position 0 is the rightmost bit):

Table 70: Coded block pattern bit position

Coded Block Pattern Bit Position

5 4 3 2 1 0

Block YO Y1 Y2 Y3 Cb Cr

A bit value of 1 in the coded block pattern shall indicate that the corresponding block has at least one non-zero AC
coefficient coded in the block layer bitstream. A value of zero shall indicate that there are no AC coefficients coded in
the block layer bitstream.

8.1.2.2  AC Prediction Flag (ACPRED)

The ACPRED (7.1.3.2) syntax element in the macroblock header is a one-bit syntax element that shall specify whether
AC prediction is used to decode the AC coefficients for all the blocks in the macroblock. Section 8.1.3.7 describes the
AC prediction process. If ACPRED = 1, then AC prediction shall be used. If ACPRED = 0, it shall not be used.

8.1.3 Block Layer Decode

Figure 8 illustrates how each macroblock is made up of 6 blocks. As the figure shows, the 4 blocks that make up the Y
component of the macroblock are decoded first followed by the C, and C; blocks.

Figure 36 shows the process used to reconstruct the 8x8 blocks.
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Figure 36: Intra block reconstruction

As Figure 36 shows, the DC and AC Transform coefficients are decoded using separate techniques. The DC coefficient
is decoded differentially. An optional differential coding of the left or top AC coefficients may be used. The following
sections describe the process for reconstructing intra blocks.

8.1.3.1 DC Differential Bitstream Decode

The DC coefficient shall be decoded differentially with respect to an already-decoded DC coefficient neighbor. This
section describes the process used to decode the bitstream to obtain the DC differential.

Figure 27 shows the bitstream elements used to decode the DC differential. DCCOEF (7.1.4.1) shall be decoded using
one of two VLC code tables. The table shall be specified by the TRANSDCTAB syntax element in the picture header
(see section 8.1.1.2). Based on the value of TRANSDCTARB, one of the two tables listed in section 11.7 shall be used to
decode DC Differential. If TRANSDCTAB == 0, then the low motion luma DC differential and the low motion Color-
Differential DC differential tables of Section 11.7 shall be used to decode the DC differential for luma and color-
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difference components respectively. If TRANSDCTAB == 1, then the corresponding high motion counterparts of
Section 11.7 shall be used.

The pseudo-code of Figure 37, where QUANT refers to MQUANT, shall specify the DC differential decoding process
and the decoding of the synax elements DCCOEF, DCCOEF ESC, DCCOEF EXTQUANTI,
DCCOEF_EXTQUANT?2, and DCSIGN:

DCDifferential = vic_decode(); // DCCOEF
if(DCDifferential != 0) {
if(DCDifferential == ESCAPECODE) {
if(QUANT ==1)
DCDifferential = flc_decode(10); // DCCOEF_ESC
else if(QUANT == 2)
DCDifferential = flc_decode(9); // DCCOEF_ESC
else // QUANT is > 2
DCDifferential = flc_decode(8); // DCCOEF_ESC
}
else { // DCDifferential is not ESCAPECODE
if(QUANT == 1)
DCDifferential = DCDifferential*4 + flc_decode(2) — 3; // DCCOEF_EXTQUANT1
else if(QUANT == 2)
DCDifferential = DCDifferential*2 + flc_decode(1) — 1; // DCCOEF_EXTQUANT2

}
DCSign = flc_decode(1); // DCSIGN
if (DCSign == 1)

DCDifferential = -DCDifferential

Figure 37: DC Differential Decoding Pseudo-code

8.1.3.2 DC Predictor

B A
c Current
Block

Figure 38: DC predictor candidates

The quantized DC value for the current block shall be obtained by adding the DC predictor to the DC differential
obtained as described in section 8.1.3.1. In the simple and main profiles, the DC predictor shall be obtained directly
from the DC coefficients of one of the previously decoded adjacent blocks. In the advanced profile, there may be an
additional coefficient scaling step if the macroblocks quantizers of the neighboring blocks are different than that of the
current block. The DC coefficient scaling (along with AC coefficient scaling) for prediction in advanced profile is
described in section 8.1.3.9 and these scaled DC coefficients shall be used for computing the prediction direction, as
well as the actual prediction. Figure 38 shows the current block and the candidate predictors from the adjacent blocks.
The values A, B and C represent the quantized DC values for the top, top-left and left adjacent blocks respectively.

In the following cases there are no adjacent blocks:

1) The current block is in the first block row of the frame. In this case there are no A or B (and possibly C) blocks
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2) The current block is in the first block column in the frame. In this case there are no B and C (and possibly A)
blocks.

In the case of I and BI pictures in simple/main profile, the procedure specified in Figure 39 shall be used for calculating
the DC predictor and the prediction direction. In the case of I and BI pictures in advanced profile, the procedure
specified in Figure 40 shall be used for calculating the DC predictor and the prediction direction. In the advanced
profile, if the macroblock quantizer is different from those of the predictor blocks, the DC components shall be scaled
as specified in section 8.1.3.9 before selection the DC predictor and the prediction direction.

/* If a neighbouring block is unavailable for prediction, its DC coefficient is assumed to be the
default_predictor */

if (OVERLAP == 1 && PQUANT >=9)
default_predictor = 0; //overlap filtering is on in this case
else
default_predictor = (1024 + (DCStepSize >> 1)) / DCStepSize; // overlap filtering is off

if (predictor A is unavailable)

predictor A’s DC coefficient = default_predictor;
if (predictor B is unavailable)

predictor B's DC coefficient = default_predictor;
if (predictor C is unavailable)

predictor C's DC coefficient = default_predictor;

if (|predictor B’s DC coefficient — predictor A’'s DC coefficient| <= |predictor B's DC coefficient — predictor C’s
DC coefficient])

{

prediction_direction = LEFT;

DCPredictor = predictor C's DC coefficient;
}
else
{

prediction_direction = TOP;

DCPredictor = predictor A’s DC coefficient;
}

Figure 39: Calculating DC Predictor and Prediction Direction for Simple/Main Profile: pseudo-code

if ((predictorA is available) && (predictorC is available))

{
if (abs(predictorB’s DC coefficient — predictorA’s DC coefficient) <=
abs(predictorB’s DC coefficient — predictorC’s DC coefficient)) {
prediction_direction = LEFT;
DCPredictor = predictor C's DC coefficient;
else {
prediction_direction = TOP;
DCPredictor = predictor A’s DC coefficient;
}
}

else if (predictorA is available) {
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prediction_direction = TOP;
DCPredictor = predictor A’s DC coefficient;
}
else if (predictorC is available) {
prediction_direction = LEFT;
DCPredictor = predictor C's DC coefficient;

}
else {
prediction_direction = LEFT;
DCPredictor = 0;
}

Figure 40: Calculating DC Predictor and Prediction Direction for Advanced Profile: pseudo-Code

The quantized DC coefficient shall be calculated by adding the DC differential and the DC predictor as follows:
DCCoeffQ = DCPredictor + DCDifferential
8.1.3.3  DC Inverse-quantization

The quantized DC coefficient shall be reconstructed by performing the following de-quantization operation:
DCcCoefficient = DCCoeffQ * DCStepSize

The value of DCStepSize shall be derived from the value of MQUANT (obtained from PQUANT and the
VOPDQUANT syntax elements) as follows:

For MQUANT equal to 1 or 2:
DCStepSize =2 * MQUANT

For MQUANT equal to 3 or 4:
DCStepSize =8

For MQUANT greater than or equal to 5:
DCStepSize = MQUANT /2 + 6

8.1.3.4  AC Coefficient Bitstream Decode

The non-zero quantized AC coefficients shall be coded using a 3D run-level method. A set of tables and constants are
used to decode the run, level and last flag values. For descriptive purposes, the set of tables and constants is called an
AC coding set. Following is a description of the tables and constants that make up an AC coding set.

Tables

The first step in reconstructing the AC Transform coefficients is to decode the bitstream to obtain the run, level and
last _flag triplets that represent the location and quantized level for each non-zero AC coefficient.

Code table (CodeTable): The code table used to decode the ACCOEF1 and ACCOEF2 variable-length encoded
syntax elements.

Run table (RunTable): The table of run values indexed by the value decoded in the ACCOEF1 or ACCOEF2 syntax
elements

Level table (LevelTable): The table of level values indexed by the value decoded in the ACCOEF1 or ACCOEF2
syntax elements.

Not-last delta run table (NotLastDeltaRunTable): The table of delta run values indexed by the level value as
illustrated in pseudo-code of Figure 41. It is used in escape coding Mode 2 (see Table 58).
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Last delta run table (LastDeltaRunTable): The table of delta run values indexed by the /evel value as illustrated in
pseudo-code of Figure 41. It is used in escape coding Mode 2 (see Table 58).

Not-last delta level table (NotLastDeltalLevelTable): The table of delta level values indexed by the run value as
illustrated in pseudo-code of Figure 41. It is used in escape coding Mode 1 (see Table 58).

Last delta level table (LastDeltaLevelTable): The table of delta /evel values indexed by the run value as illustrated in
pseudo-code of Figure 41. It is used in escape coding Mode 1 (see Table 58).

Presence of Fixed Length Codes — Mode3 (first_mode3): This is used in escape coding Mode 3 (see Table 58) where
symbols are coded by fixed length codes. It shall be set to one at the beginning of a frame, field or a slice. It shall be
set to zero, whenever Mode 3 is used for the first time.

Constants

Start index of last coefficient (StartindexOfLast): The VLC encodes index values from 0 to N. The index values are
used to obtain the run and level values from RunTable and LevelTable respectively. The first (StartindexOfLast-1)
of these index values correspond to run, level pairs that are not the last pair in the block. The next StartindexOfLast
to N-1 index values correspond to run, level pairs that are the last pair in the block. The last value, N, is the Escape
Index (see next).

Escape Index (Escapelndex): The last in the set of indices encoded by the VLC. See the description above and the
pseudo-code of Figure 41 for a description of how this constant is used.

The pseudo-code of Figure 41 shall specify how the tables and constants are used to decode a run, level and last flag
triplet.

decode_symbol(&run, &level, &last_flag) {
last_flag = 0;
index = vic_decode(); // Use CodeTable to decode VLC codeword (ACCOEF1)
if (index !'= Escapelndex)
{
run = RunTable[index];
level = LevelTable[index];
sign = get_bits(1);
if (sign==1)
level = -level,
if (index >= StartindexOfLast)
last flag = 1;
}
else
{
escape_mode =vic_decode(); // Use Table 58 to decode ESCMODE syntax element
if (escape_mode == model)
{
index = vic_decode(); // Decode VLC codeword (ACCOEF2)
run = RunTable[index];
level = LevelTable[index];
if (index >= StartindexOfLast)
last flag = 1;
if (last_flag == 0)
level = level + NotLastDeltaLevelTable[run];

Private SMPTE Committee Document: Not for Publication 132




Committee Draft: Video Codec VC-1

else

level = level + LastDeltalevelTable[run];
sign = get_bits(1);
if (sign == 1)

level = -level;

else if (escape_mode == mode2)

index = vic_decode(); // Use Decode VLC codeword (ACCOEF2)
run = RunTable[index];
level = LevelTable[index];
if (index >= StartindexOfLast)

last flag = 1;
if (last_flag == 0)

run = run + NotLastDeltaRunTable[level] + 1;
else

run = run + LastDeltaRunTable[level] + 1;
sign = get_bits(1);
if (sign == 1)

level = -level;

else if escape_mode == mode3 // (fixed-length encoding)

last_flag = get_bits(1);
if (first_mode3 == 1)
{
first_ mode3 = 0;
level_code_size = vic_decode(); // Use Table 59 or Table 60 to decode
run_code_size = 3 + get_hits(2);
}
run = get_bits(run_code_size);
sign = get_bits(1);
level = get_bits(level_code_size);
if (sign==1)
level = -level,

Figure 41: Coefficient decode pseudo-code

The process illustrated in Figure 41 above for decoding the non-zero AC shall be repeated until last flag == 1. This
flag indicates the last non-zero coefficient in the block.

To improve coding efficiency, there are eight AC coding sets. The eight coding sets are divided into two groups of four,
nominally called intra and inter coding sets. For Y blocks, one of the four intra coding sets shall be used. For C, and C,
blocks, one of the four inter coding sets shall be used. Section 11.8 defines the tables that make up each coding set that
shall be used. The particular set used to decode a block shall be signaled by an index value in the picture header. The
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following two tables define how the index corresponds to the coding set for Y and Cy/C; blocks. As the tables show, if
the value of PQINDEX (see section 7.1.1.6) is <= 8, then the high rate coding set shall be used for index 0. If
PQINDEX is > 8, then the low motion coding set shall be used for index 0.

Table 71: Coding Set Correspondence for PQINDEX <=8

Y blocks Cy and C, blocks

Inde Table Index Table

0 High Rate Intra 0 HighRate  Inter

(Table 219-Table (Table 226- Table
225) 232)

1 High Motion Intra 1 High Motion Inter
(Table 177-Table (Table 184-Table
183) 190)

2 Mid Rate Intra 2 Mid Rate Inter
(Table 205-Table (Table 212-Table
211) 218)

Table 72: Coding Set Correspondence for PQINDEX > 8

Y blocks Cy and C, blocks
Inde Table Index Table

X

0 Low Motion Intra 0 Low Motion Inter
(Table 191-Table (Table 198-Table
197) 204)

1 High Motion Intra 1 High Motion Inter
(Table 177-Table (Table 184-Table
183) 190)

2 Mid Rate Intra 2 Mid Rate Inter
(Table 205-Table (Table 212-Table
211) 218)

The value decoded from the TRANSACFRM2 syntax element shall be used as the coding set index for Y blocks and
the value decoded from the TRANSACFRM syntax element shall be used as the coding set index for C,, and C, blocks.

8.1.3.5 AC Run-level Decode

The ordered run and level pairs obtained as described in section 8.1.3.4 shall be used to form 63 elements (representing
AC coefficients) in a 64 element array by employing a run-level decode process as illustrated in the pseudo-code of
Figure 42.

array[64] = {0}; /l 64 element array initialized to zero.

array[0] = DCCoefficient;

curr_position = 1;

do {
decode_symbol(&run, &level, &last_flag);// decode the bitstream as described in Figure 41 to

/I obtain run, level and last_flag values for coefficient

array[curr_position + run] = level;
curr_postion = curr_postion + run + 1;
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| } while (last_flag != 1)

Figure 42: Run-level decode pseudocode

8.1.3.6  Zigzag Scan of AC Coefficients

Decoding the run-level pairs as described in section 8.1.3.5 produces a one-dimensional array of quantized transform
coefficients. The elements in the array are scanned out into an 8x8 two-dimensional array in preparation for the Inverse
Transform. Figure 44 shows the elements in an 8x8 array labeled from 0 to 63. A mapping array is used to scan out the
coefficients in the one-dimensional array to the 8x8 array, where the DC coefficient always maps to position (0,0). The
process of scanning out coefficients for a NxM Inverse Transform block is defined in Figure 43.

/I NxM Inverse Transform Block has M rows and N columns
/I array [N * M ] is represents coefficients after run-level decode
/I Coeff[M][N] represents Transform Coefficient block
/I zigzagscan [N * M] represents mapping used to scan out coefficients
for i=0;i<N*M;i++){
index = zigzagscanli];
row = index / N;
col =index % N;
Coeff[row][col] = array [i];

Figure 43: Zigzag Scan Pseudocode for NxM Block

As an example,

Figure 46 shows the mapping array used to produce the one-dimensional to two-dimensional scan out pattern shown in
Figure 45.

o|1|2|3|4|5]|6 |7

8|19 (10|11 12|13 |14 |15

16 | 17|18 |19 |20 | 21|22 |23

24 | 25|26 |27 |28 |29 |30 |31

3233 |34|35|36|37|38]39

40 | 41 | 42 | 43 | 44 | 45 | 46 | 47

48 | 49 | 50 | 51 | 52 | 53 | 54 | 55

56 | 57 |58 |59 | 60| 61|62 |63

Figure 44: 8x8 array with positions labeled
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Figure 45: Example zigzag scanning pattern

‘0‘8‘1‘2‘9‘16‘24‘17‘10‘3‘4‘ll‘18‘25‘32‘40‘33‘26‘19‘12‘5”6‘13”20‘27‘34‘41“48
‘56‘49‘42‘35‘28‘21‘14‘7‘15‘22‘29‘36‘43‘50‘57‘58‘51‘44‘37‘30‘23”31‘38“45‘52‘59‘60 53

Figure 46: Zigzag scan mapping array

One of three scan arrays shall be used to scan out the one-dimensional array depending on the AC prediction status for
the block (see section 8.1.3.7 for description of AC prediction). The AC prediction status shall determine which scan
array is used according to Table 73.

Table 73: Scan Array Selection

AC Prediction AC Scan Array

ACPRED =0 Normal scan

ACPRED= 1 and | Horizontal scan
prediction_directio
n==Top

ACPRED = 1 and | Vertical scan
prediction_directio
n==Left

The tables for the normal, horizontal, and vertical scan arrays as defined in section 11.9.1 shall be used.

8.1.3.7 AC Prediction

If the ACPRED (7.1.1.28, 7.1.3.2) syntax element specifies that AC prediction is used for the blocks, then the top row
or left column of AC coefficients in the decoded block shall be treated as differential values from the coefficients in the
corresponding row or column in a predicted block. The predictor block shall be either the block immediately above or
to the left of the current block. For each block, the direction chosen for the DC predictor shall be used for the AC
predictor (see section 8.1.3.2). If there is no intra block in this direction, the AC predictor shall be set to zero. Figure 47
shows that for top prediction the first row of AC coefficients in the block immediately above shall be used as the
predictor for the first row of AC coefficients in the current block. For left prediction the first column of AC coefficients
in the block to the immediate left shall be used as the predictor for the first column of AC coefficients in the current
block. There is an additional coefficient scaling step if the macroblock quantizers of the neighboring blocks are
different than that of the current block. The AC coefficient scaling (along with DC coefficient scaling) for prediction in
advanced profile is described in section 8.1.3.9, and these scaled AC coefficients shall be used for prediction.
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Top Prediction Left Prediction
Figure 47: AC prediction candidates

If a block does not exist in the predicted direction then the predicted values for all 7 coefficients shall be set to zero. For
example, if the prediction is “TOP’ but the block is in the top row, then there is no adjacent block in the ‘TOP’
direction.

When the ACPRED syntax element specifies that AC prediction is not used for the blocks, the predictors for the 7 AC
coefficients in the first row or first column shall be set to zero.

The AC coefficients in the predicted row or column shall be added to the corresponding decoded AC coefficients in the
current block to produce the fully reconstructed quantized Transform coefficient block as defined in Figure 48.

/I Coeff[8][8] represents Transform Coefficient block
/I PredTop[7] represents first row of AC coefficients (after scaling if needed) in block above
/I PredLeft[7] represents first column of AC coefficients (after scaling if needed) in block to the left
if (ACPRED == 1 && prediction_direction == TOP) {
for (col = 1; col < 8; col++)
Coeff[0][col] = Coeff[0][col] + PredTop|col-1];
}
else if (ACPRED == 1 && prediction_direction == LEFT) {
for (row = 1; row < 8; row++)
Coeff[row][0] = Coeff[row][0] + PredLeft[row-1];

Figure 48: AC Prediction pseudocode

8.1.3.8 Inverse AC Coefficient Quantization

Depending on whether the uniform or nonuniform quantizer is used (see section 7.1.1.6 and 7.1.1.8), the non-zero
quantized AC coefficients reconstructed as described in the sections above shall be inverse quantized according to the
following formula:

dequant_coeff = quant _coeff * double_quant (if uniform quantizer), or
dequant_coeff = quant _coeff * double _quant + sign(quant_coeff) * quant scale (if nonuniform quantizer)

where:

quant_coeffis the quantized coefficient

dequant_coeff'is the inverse quantized coefficient

Private SMPTE Committee Document: Not for Publication 137



Committee Draft: Video Codec VC-1

double quant = 2 * MQUANT + HALFQP if the block is coded with PQUANT, or double quant = 2 *
MQUANT if the block is codeded with quantizer derived from VOPDQUANT syntax elements (i.e. derived from
ALTPQUANT, or PQDIFF/MQDIFF, or ABSPQ/ABSMQ), and

quant_scale = MQUANT

MQUANT may be decoded in the macroblock layer in the VOPDQUANT syntax elements, or may be derived from the
picture layer PQUANT, as defined in sections 7.1.1.6, 7.1.1.31, 7.1.3.4 and 7.1.3.5. HALFQP is decoded in the picture
layer as defined in section 7.1.1.7.

8.1.3.9 Coefficient Scaling

For DC and AC prediction, the coefficients in the predicted blocks shall be scaled if the macroblocks quantizers are
different than that of the current block. The scaling process is described below.

DC, =(DC, * DCSTEP, * DQScalel DCSTEP, ]+ 0x20000) >> 18,

AC, =(AC, * STEP, * DQScale[STEP.]+ 0x20000) >> 18

where
DC,, is the scaled DC coefficient in the predictor block

DC |, is the original DC coefficient in the predictor block
DCSTEP, is the DCStepSize of the predictor block
DCSTEP, is the DCStepSize in the current block

AC p 1s the scaled AC coefficient in the predictor block
AC, is the original AC coefficient in the predictor block
STEP, is the double_quant-1 in the predictor block
STEP, is the double_quant-1 in the current block

DQScale is a 63 element integer array as shown in Table 74.

Table 74: DQScale

Index DQScale[Index]
1 262144
131072
87381
65536
52429
43691
37449
32768
29127

O (00 |9 (& [\ | (W
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10 26214
11 23831
12 21845
13 20165
14 18725
15 17476
16 16384
17 15420
18 14564
19 13797
20 13107
21 12483
22 11916
23 11398
24 10923
25 10486
26 10082
27 9709
28 9362
29 9039
30 8738
31 8456
32 8192
33 7944
34 7710
35 7490
36 7282
37 7085
38 6899
39 6722
40 6554
41 6394
42 6242
43 6096
44 5958
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45 5825
46 5699
47 5578
48 5461
49 5350
50 5243
51 5140
52 5041
53 4946
54 4855
55 4766
56 4681
57 4599
58 4520
59 4443
60 4369
61 4297
62 4228
63 4161

The product DC,* DCSTEP, , and the product AC p *STEP, product shall not exceed the signed 12 bit
range, i.e., these product values shall be be limited to > -2048 && < 2047.

8.1.3.10 Inverse Transform

After reconstruction of the transform coefficients, the resulting 8 x 8 blocks are processed by a separable
two-dimensional inverse transform of size 8 by 8, and shall be in accordance with Annex A. The inverse transform
output shall have a dynamic range of 10 bits.

Subsequent to the inverse transform, the process of overlap smoothing shall be carried out if signaled, as described in
section 8.5. Finally, the constant value of 128 shall be added to the reconstructed and possibly overlap smoothed intra
block. This result shall be clamped to the range [0 255] and shall form the reconstruction prior to loop filtering.

For simple and main profile I frames, if overlap filtering is not used, the constant 128 shall not be added prior to
clamping. The conditions for when overlap filtering is applied in simple and main profile I frames are described section
8.5.1. For advanced profile I frames, or if overlap filtering is used in simple and main profile I frames, the constant 128
shall be added prior to clamping.

8.2 Progressive Bl Frame Picture Decoding

A BI frame picture is a special type of frame that is a hybrid of I and B pictures and shall not be used as an anchor or
reference frame to predict other frames. BI frame pictures are permitted in main and advanced profiles only.

The syntax of BI frame pictures is almost identical to that of I frame pictures. This section describes only the
differences between decoding of BI frame pictures and decoding of I frame pictures as described in section 8.1.
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8.2.1 BFRACTION following picture type (main profile only)

The BFRACTION syntax element (section 7.1.1.14) immediately follows the picture type in a BI frame sent in main
profile. BFRACTION == “1111111" (Table 40) indicates that this B frame shall be re-interpreted as BI.

8.2.2 No picture resolution index (RESPIC)

RESPIC (7.1.1.10) shall not be present in a BI frame. BI frames, along with B frames are constrained to operate at the
same resolution as their corresponding anchor frames.

8.3 Progressive P Frame Picture Decoding

Figure 59 shows the steps required to decode and reconstruct blocks in progressive P frame pictures. The following
sections describe the process for decoding progressive P frame pictures. Section 8.3.1 defines frame skipping, section
8.3.2 defines the handling of out-of-bounds reference pixels, section 8.3.3 defines the P picture types, section 8.3.4
defines the picture layer decoding, section 8.3.5 defines macroblock layer decoding, section 8.3.6 defines block layer
decoding, section 8.3.7 defines rounding control, and section 8.3.8 defines intensity compensation.

8.3.1 Skipped Frame Pictures

In main and simple profiles, frame skipping is signaled through additional means. As a coded frame always contains
more than 8 bits of data, if the total length of the data comprising a compressed frame is 8 bits, this signals that the
frame was coded as a P frame with no motion or residual error information present (a non-coded frame). The decoder
shall not decode the 8 bits used for frame skipping as they do not represent an actual codeword. In main profile, if the
sequence level syntax element MAXBFRAMES > 0 (Annex J.1.18), a frame shall not be coded as a skipped frame.

In advanced profile, a skipped frame is signaled by the PTYPE syntax element (7.1.1.4) in the picture header. If a frame
is signaled as skipped then it is treated as if it were a P frame which is identical to the reference frame. Therefore, the
reconstruction of the skipped frame pixel data shall be a copy of the reference frame pixel data.

8.3.2 Out-of-bounds Reference Pixels

The previously decoded anchor frame shall be used as the reference for motion-compensated predictive coding of the
current P frame. The motion vectors used to locate the predicted blocks in the reference frame may include pixel
locations that are outside the boundary of the reference frame. In these cases, the out-of-bounds pixel values shall be
the replicated values of the edge pixel. Figure 49 illustrates pixel replication for the upper-left corner of the frame. In
the advanced profile, “frame edge”, “frame corner” and “outside the boundary” shall refer to the true frame
dimensions, not the dimensions right or bottom justified to the edge of the macroblock. In other words, the right and
bottom pixels that are repeated to infinity for a 300 x 200 image shall begin at column 304 and row 208 for the simple
and main profiles. However, for the advanced profile, these shall begin respectively at column 300 and row 200.

The reference frames in advanced profile shall have the vertical boundary pixels replicated in a manner which is
dependent on the reference frame coding type. If the reference frame was coded as progressive, then the top row of
pixels shall be replicated upward as shown in the middle diagram of Figure 49. Similarly, the bottom row of pixels shall
be replicated downward.

If the reference frame was coded as interlaced, i.e. either frames coded as interlace frame picture or as interlace field
picture, then the top line shall be replicated upward in every other line of the frame and the second-to-top line shall be
replicated upward in every other line of the frame as shown in the right diagram of Figure 49. The bottom row of pixels
shall be replicated downward in a similar manner.

Reference pixels that are out-of-bounds along both axes shall be determined by horizontal pixel replication to an
appropriate width, followed by vertical pixel replication to an appropriate height. For progressive frames, such out-of-
bound pixels shall be identical to the closest frame corner pixel. For interlace frames (frames coded as interlace frame
picture or as interlace field picture), such out-of-bound pixels shall be either the frame corner pixel, or the in-bounds
pixel to the immediate top or bottom of the frame corner pixel, depending on the polarity of the field line.

See Annex K.2 for additional information on internal representation of a frame.
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2832363341 ... 2832363341 ...

2832363341 .. 3332444640 ...
2832363341 .. 2832363341 ..
2832363341 .. 3332444640 ...
... 28282828 | 2832363341 .. 2832363341 .. 2832363341 ..
... 33333333 3332444640 ... 3332444640 ... 3332444640 ...
... 38383838 | 3837323844 ... 3837323844 ... 3837323844 ...
... 43434343 | 4339354138 .. 4339354138 .. 4339354138 ..
Horizontal Pixel Padding Vertical Progressive Pixel Vertical Interlace Pixel
Padding Padding

Figure 49: Horizontal and vertical pixel replication for out-of-bounds reference

8.3.3 P Picture Types
P pictures shall be one of 2 types: 1-MV and Mixed-MV. The following sections describe each P picture type.

8.3.3.1 1-MV P Picture

In 1-MV P pictures, a single motion vector shall be used to indicate the displacement of the predicted blocks for all 6
blocks in the macroblock. The 1-MV mode is signaled by the MVMODE and MVMODE?2 picture layer syntax
elements as described in section 8.3.4.3.

8.3.3.2 Mixed-MV P Picture

In Mixed-MV P pictures, each macroblock may be decoded as a 1-MV or a 4-MV macroblock. In 4-MV macroblocks,
each of the 4 luma blocks shall have a motion vector associated with it. The 1-MV or 4-MV mode for each macroblock
is indicated by the MVTYPEMB bitplane syntax element in the picture layer as described in section 8.3.4.3. The
Mixed-MV mode is signaled by the MVMODE and MVMODE2 picture layer syntax elements as described in section
8.3.4.3.

8.3.4 P Picture Layer Decode

Figure 16 shows the elements that make up the progressive P picture layer header. The following sections provide extra
detail for those elements that are not self-explanatory.

8.3.4.1  Picture-level Quantizer Scale (PQUANT)

The picture level quantizer scale PQUANT is decoded from the 5-bit picture layer syntax element PQINDEX as
described in section 7.1.1.6. PQUANT shall specify the picture level quantizer scale (a value between 1 and 31) for the
macroblocks in the current picture. When the sequence header DQUANT == 0, then PQUANT shall be used as the
quantization step size for every macroblock in the current picture. When DQUANT != 0, then PQUANT shall be used
as described in section 7.1.1.31. The PQINDEX syntax element shall also specify whether the uniform or nonuniform
quantizer is used for all macroblocks in the frame.

8.3.4.2  Picture Resolution Index (RESPIC)

In main profile, the RESPIC syntax element (7.1.1.10) in P pictures shall carry the same resolution as the RESPIC
syntax element of the closest temporally preceding I frame. In other words, the resolution of an I picture determines the
resolution of all subsequent P pictures until the next I picture. For example, if an I picture specifies a resolution index
of 1 (full vertical resolution, half horizontal resolution), then all subsequent P pictures specify the same resolution until
the next I picture.

All P pictures that are coded at less than full resolution may be upsampled to full resolution prior to display. This
upsampling process is outside the reconstruction loop. The spatial alignment of video samples of the downsampled
frame with respect to the video samples of the original frame is described in Annex B.
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8.3.4.3  Picture Layer Motion Compensation and Intensity Compensation Decoding

The P picture layer contains syntax elements that control the motion compensation mode and intensity compensation
for the frame. The MVMODE syntax element (7.1.1.32) is a variable sized value that signals either:

1) one of four motion vector modes for the frame or
2) that intensity compensation is used in the frame.

If intensity compensation is signaled, then the MVMODE2 (7.1.1.33), LUMSCALE (7.1.1.34) and LUMSHIFT
(7.1.1.35) syntax elements shall follow in the picture layer. In this case, MVMODE2 shall signal the motion vector
mode and LUMSCALE and LUMSHIFT are 6-bit values which shall specify parameters used in the intensity
compensation process. Refer to section 8.3.8 for a definition of intensity compensation decode.

Table 46 and Table 47 define the codetables used to decode the MVMODE syntax element. Table 46 shall be used if
PQUANT is > 12 and Table 47 shall be used if PQUANT is <= 12. In a similar fashion, Table 49 and Table 50 shall be
used to decode the MVMODE2 syntax element. Either MVODE or MVMODE2 signal one of four motion vector
modes.

If the motion vector mode is ‘Mixed-MV’ mode, then the MVTYPEMB syntax element (7.1.1.36) is present in the
picture layer. MVTYPEMB is a bitplane coded syntax element that indicates the 1-MV/4-MV motion vector status for
each macroblock in the picture. The decoded bitplane represents the motion vector status for each macroblock as a
syntax element of 1-bit values from upper left to lower right. Refer to section 8.7 for a definition of the bitplane coding.
A value of 0 shall indicate that the macroblock is coded in 1-MV mode. A value of 1 shall indicate that the macroblock
is coded in 4-MV mode. Refer to section 8.3.5.2.1 for a description of the motion vector decoding process.

8.3.4.4  Skipped Macroblock Decoding (SKIPMB)

The P picture layer contains the SKIPMB syntax element (7.1.1.37) which is a bitplane coded syntax element that
defines the skipped/not-skipped status of each macroblock in the picture. The decoded bitplane represents the
skipped/not-skipped status for each macroblock as a syntax element of 1-bit values from upper left to lower right. Refer
to section 8.7 for a definition of the bitplane coding. A value of 0 shall indicate that the macroblock is not skipped. A
value of 1 shall indicate that the macroblock is coded as skipped.

A skipped macroblock shall not contain any prediction error information. A skipped status for a macroblock means that
the macroblock may only contain the HYBRIDPRED syntax element as a qualifier to the predicted motion vector(s).
Refer to section 8.3.5.3.5 for a description of how the HYBRIDPRED syntax element (7.1.3.9) is used in the decoding
process.

8.3.45 Motion Vector Table (MVTAB)

The table used to decode the motion vector differentials is indicated by the MVTAB syntax element as described in
section 7.1.1.38. Refer to section 8.3.5.2 for a description of the motion vector decoding process.

8.3.4.6  Macroblock-level Quantizer Mode

See section 7.1.1.31.

8.3.4.7  Macroblock-level Transform Type Flag (TTMBF)

TTMBEF (7.1.1.40) is a one-bit syntax element that signals whether transform type coding is enabled at the frame or
macroblock level. If TTMBF == 1, then the same transform type shall be used for all blocks in the frame. In this case,
the transform type shall be signaled in the TTFRM syntax element (7.1.1.41) that follows. If TTMBF == 0, then the
transform type may vary throughout the frame and shall be signaled at either the macroblock or block levels.

8.3.4.8  Frame-level Transform Type (TTFRM)

TTFRM (7.1.1.41) is a variable-length syntax element that shall be present in the picture layer if TTMBF == 1. TTFRM
shall be decoded using Table 53 and shall signal the Transform type used to transform the 8x8 pixel error signal in
predicted blocks. The 8x8 error blocks may be transformed using an 8x8 Transform, two 8x4 Transforms, two 4x8
Transforms or four 4x4 Transforms.
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8.3.4.9  Frame-level Transform AC Coding Set Index (TRANSACFRM)

TRANSACFRM (7.1.1.11) is a variable-length syntax element that shall be present in the picture layer. This syntax
element indexes the coding set used to decode the Transform AC coefficients for the intra- and inter-coded blocks.
Table 39 is used to decode the TRANSACFRM syntax element.

8.3.4.10 Intra Transform DC Table (TRANSDCTAB)

The TRANSDCTAB syntax element (7.1.1.13) shall have the same meaning as the TRANSDCTAB syntax element in I
pictures. See section 8.1.1.2 for its definition.

8.3.4.11 Range Reduction Frame - P Frame (RANGEREDFRM)
The RANGEREDFRM is only signaled when RANGERED == 1.

When RANGEREDFRM = 1 for the current P frame, the current decoded frame shall be scaled up similar to the scaling
of the I frame (described in section 8.1.1.4), while keeping the current reconstructed frame intact. The pixels shall be
scaled up according to the following formula:

Y[n] = CLIP ((Y[n] - 128) *2 + 128);
Co[n] = CLIP ((Cy[n] — 128) *2 + 128);
C[n] = CLIP ((C[n] — 128) *2 +128);

In addition, the previously reconstructed anchor frame shall be scaled prior to using it for motion compensation if the
current frame and previous frame are operating at different range. The process shall be applied to the reconstructed
frame as the first stage of decoding prior to Intensity compensation, motion compensation, and macroblock level
decoding.

More specifically, there are two cases that require scaling the previous reconstructed frame.

e  The current frame’s RANGEREDFRM is signaled and the previous frame’s RANGEREDFRM is not
signaled. In this case, the previously reconstructed frame shall be scaled down as follows:

Y[n] = ((Y[n] - 128) >> 1) + 128;
Co[n] = ((Cp[n] — 128) >>1) + 128;
Cin] = (Cn] —128) >>1) +128;

e  The current frame’s RANGEREDFRM is not signaled and the previous frame’s RANGEREDFRM is
signaled. In this case, the previous reconstructed frame shall be scaled as follows:

Y[n] = CLIP((Y[n] - 128) *2 + 128);
Co[n] = CLIP((Cy[n] — 128) *2 + 128);
C[n] = CLIP((C([n] - 128) *2 +128);

8.3.5 Macroblock Layer Decoding

This section defines the Macroblock layer decoding for progressive P-frame pictures for simple, main and advanced
profiles.

8.3.5.1 Macroblock Types

Macroblocks in P pictures shall be one of 3 types: 1-MV, 4-MV, or Skipped. The macroblock type is indicated by a
combination of picture and macroblock layer syntax elements. The following sub-sections describe each type and how
they are signaled.

8.3.5.1.1 1-MV Macroblocks

1-MV macroblocks may occur in 1-MV and Mixed-MV P pictures. In a 1-MV macroblock, a single MVDATA syntax
element (7.1.3.8) is associated with all blocks in the macroblock. The MVDATA syntax element signals whether the
blocks are coded as Intra or Inter type. If they are coded as Inter, then the MVDATA syntax element shall also indicate
the motion vector differential. See section 8.3.6.1 for a description of how to decode Intra blocks in P pictures and see
section 8.3.6.2 for a description of how to decode Inter blocks in P pictures.
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If the P picture is of type 1-MV, then all the macroblocks in the picture are of type 1-MV and the macroblock type is
not signaled.

If the P picture is of type Mixed-MV, then the macroblocks in the picture may be of type 1-MV or 4-MV. In this case
the macroblock type (1-MV or 4-MV) is signaled in the MVTYPEMB syntax element (7.1.1.36) in the picture layer.
See section 8.3.4.3 for a definition of how the MVTYPEMB syntax element signals the 1-MV/4-MV macroblock type.

8.3.5.1.2 4-MV Macroblocks

4-MV macroblocks shall only occur in Mixed-MV P pictures. A 4-MV macroblock shall be indicated by signaling that
the macroblock is 4-MV in the MVTYPEMB (7.1.1.36) picture layer syntax element, or in the MVMODEBIT (7.1.3.6)
macroblock layer syntax element. Individual blocks within a 4-MV macroblock may be coded as Intra blocks. For the 4
luma blocks, the Intra/Inter state shall be signaled by the BLKMVDATA syntax element (7.1.3.11) associated with that
block. The CBPCY syntax element (7.1.3.1) shall indicate which blocks have BLKMVDATA syntax elements present
in the bitstream. See section 8.3.5.5.2 for a definition of how the CBPCY syntax element is used in 4-MV macroblocks.

The Inter/Intra state for the color-difference blocks shall be derived from the luma Inter/Intra states. If 3 or 4 of the
luma blocks are coded as Intra, then the color-difference blocks shall also be coded as Intra. Otherwise, the color-
difference shall be coded as Inter.

8.3.5.1.3 Skipped Macroblocks

Skipped macroblocks can occur in both 1-MV and Mixed-MV P pictures. In all cases, a skipped macroblock shall be
signaled by the SKIPMB (7.1.1.37) bitplane syntax element in the picture layer, or by the SKIPMBBIT macroblock
layer syntax (7.1.3.7). See section 8.3.4.4 for a definition of the SKIPMB syntax element.

8.3.5.2  Macroblock Decoding Process
The following sub-sections describe the macroblock layer decoding process for P picture macroblocks.

Refer to section 8.3.6.3 for a description of the inverse quantization process.

8.3.5.2.1 Decoding Motion Vector Differential

The MVDATA (7.1.3.8) or BLKMVDATA (7.1.3.11) syntax elements are used to decode motion information for the
blocks in the macroblock. 1-MV macroblocks have a single MVDATA syntax element, and 4-MV macroblocks may
have between zero and four BLKMVDATA syntax elements (see section 8.3.5.5.2 for a definition of how the CBPCY
syntax element is used to decode the number of MVDATA syntax elements in 4-MV macroblocks).

Each MVDATA or BLKMVDATA syntax element in the macroblock layer jointly codes three parameters:
1) the horizontal motion vector differential component,
2) the vertical motion vector differential component and
3) a binary flag indicating whether any Transform coefficients are present.

Whether the macroblock (or block for 4-MV) is Intra or Inter-coded is coded as one of the horizontal/vertical motion
vector possibilities, i.e., one of the VLC entries for differential MV values indicates that the block is actually intra-
coded. See Table 75 for the pseudo-code for decoding MV.

The MVDATA and BLKMVDATA syntax element is a variable length codeword followed by a fixed length
codeword. The value of the variable length codeword determines the size of the fixed length codeword. The MVTAB
syntax element in the picture layer specifies the code table used to decode the variable sized codeword.

The pseudocode of Figure 50 shall define how the motion vector differential, Inter/Intra type and ‘more present flag’
information shall be decoded.

Note: The motion vector differentials decoded in this pseudocode are modulo differentials. The computation of motion
vectors from these differentials is shown in section 8.3.5.4.

The values: ‘more_present flag’, intra_flag, dmv_x and dmv_y are computed in the pseudocode of Figure 50. The
values are defined as follows:
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‘more_present flag’: a binary flag indicating whether any Transform coefficients are present (1 = coefficients present,
0 = coefficients not present)

intra_flag: a binary flag indicating whether the block or macroblock is intra-coded (0 = inter-coded, 1 = intra-coded)
dmv_x: the differential horizontal motion vector component

dmv_y: the differential vertical motion vector component

k_x, k_y: fixed length for long motion vectors

k_x and k_y depend on the motion vector range as defined by the MVRANGE symbol (section 7.1.1.9) and shall be set
according to Table 75, where range x and range y are the motion vector ranges in horizontal and vertical directions
respectively.

Table 75: k_x and k_y specified by MVRANGE

MVRANG [k |k |range | range
E X y X y

0 (default) 9 8 256 128

10 10 |19 512 256
110 12 110 |2048 512
111 13 | 11 | 4096 1024

The value halfpel_flag is a binary value indicating whether half-pel or quarter-pel precision is used for the picture. The
value of halfpel_flag is determined by the picture layer syntax element MVMODE (see section 8.3.4.3). f MVMODE
specifies the mode as 1-MV or Mixed-MV, then halfpel_flag = 0 and quarter-pel precision shall be used. If MVODE
specifies the mode as 1-MV Half-pel or 1-MV Half-pel Bilinear, then halfpel_flag = 1 and half-pel precision shall be
used.

size_table and offset_table are arrays defined as follows:

size _table[6] ={0, 2, 3, 4, 5, 8}
offset_table[6] ={0, 1, 3, 7, 15, 31}

index = vic_decode() // Use the table indicated by MVTAB in the picture layer
index = index + 1
if (index >= 37)

{
‘more_present flag’' = 1
index = index - 37
}
else
‘more_present flag' = 0
intra_flag =0
if (index == 0)
{
dmv x=0
dmv_y=0
}

else if (index == 35)
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{
} dmv_x = get_bits(k_x — halfpel_flag)
dmv_y = get_bits(k_y — halfpel_flag)
}
else if (index == 36)
{
intra_flag = 1
dmv_x=0
dmv_y=0
}
else
{
index1 = index % 6
if (halfpel_flag == 1 && index1 == 5)
hpel = 1
else
hpel =0
val = get_bits (size_table[index1] - hpel)
sign=0-(val & 1)
dmv_x = sign ” ((val >> 1) + offset_table[index1])
dmv_x =dmv_x - sign

index1 = index / 6
if (halfpel_flag == 1 && index1 == 5)
hpel = 1
else
hpel =0
val = get_bits (size_table[index1] - hpel)
sign=0-(val & 1)
dmv_y = sign ~ ((val >> 1) + offset_table[index1])
dmv_y = dmv_y - sign

Figure 50: Decoding MV Differential in Progressive Pictures: Pseudo-code

8.3.5.3  Motion Vector Predictors

Motion vectors shall be computed by adding the motion vector differential computed in section 8.3.5.2.1 to a motion
vector predictor. All of these computations shall be performed in quarter-pixel units even if the actual motion vector
was transmitted in half-pel mode. Motion vectors expressed in half-pel mode are converted to quarter-pel units by
multiplying them by 2. The predictor shall be computed from three neighboring motion vectors. If a neighboring block
is intra-coded, its motion vector shall be set to be zero for the purpose of prediction. The following sections describe
how the predictors are calculated for macroblocks in 1-MV P pictures, and Mixed-MV P pictures.

8.3.5.3.1 Motion Vector Predictors In 1-MV P Pictures

Figure 51 shows the three motion vectors used to compute the predictor for the current macroblock. As the figure
shows, the predictor shall be taken from the left, top and top-right macroblocks, except in the case where the
macroblock is the last macroblock in the row. In this case, Predictor B shall be taken from the top-left macroblock
instead of the top-right.
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For the special case where the frame is one macroblock wide, the predictor shall always be Predictor A (the top
predictor).

Predictor A Predictor B Predictor B Predictor A
. Current . Current
Predictor C Macroblock Predictor C Macroblock
Not last macroblock in macroblock row Last macroblock in macroblock row

Figure 51: Candidate Motion Vector Predictors in 1-MV P Pictures

8.3.5.3.2 Motion Vector Predictors In Mixed-MV P Pictures

Figure 52 and Figure 53 show the 3 candidate motion vectors for 1-MV and 4-MV macroblocks in Mixed-MV P
pictures. In the following figures, the larger rectangles are macroblock boundaries and the smaller rectangles are block
boundaries.

For the special case where the frame is one macroblock wide, the predictor shall always be Predictor A (the top
predictor).

Predictor Predictor Predictor Predictor
A E E A
Predictor Predictor
[¢ [¢
Current Current
Macroblock Macroblock
Not last macroblock in macroblock row Last macroblock in macroblock row

Figure 52: Candidate Motion Vectors for 1-MV Macroblocks in Mixed-MV P Pictures

Figure 52 shows the candidate motion vectors for 1-MV macroblocks. The neighboring macroblocks are either 1-MV
or 4-MV macroblocks. The figure shows the candidate motion vectors assuming the neighbors are 4-MV (i.e., predictor
A is the motion vector for block 2 in the macroblock above the current and predictor C is the motion vector for block 1
in the macroblock immediately to the left of the current). If any of the neighbors are 1-MV macroblocks, then the
motion vector predictors shown in Figure 52 shall be taken to be the vectors for the entire macroblock. As the figure
shows, if the macroblock is the last macroblock in the row, then Predictor B shall be from block 3 of the top-left
macroblock instead of from block 2 in the top-right macroblock as is the case otherwise.
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Predictor Predictor Predictor Predictor
B A A B
Predictor Current Predictor Current
(¢} block Cc=0 block
Predictors for Block 0 if not Predictors for Block O if first
the first macroblock in row macroblock in row
Predictor Predictor Predictor Predictor
A B A
Predictor Current Predictor Current
C block (o} block

Predictors for Block 1 if not

A Predictors for Block 1 if lasf
last macroblock in row

macroblock in row

Predictor Predictor Predictor Predictor
Predictor Current Predictor Current
block C block
Predictors for Predictors for
Block 2 Block 3

Figure 53: Candidate Motion Vectors for 4-MV Macroblocks in Mixed-MV P Pictures

Figure 53 shows the predictors for each of the 4 luma blocks in a 4-MV macroblock. For the case where the
macroblock is the first macroblock in the row, Predictor B for block 0 shall be handled differently than the remaining
blocks in the row. In this case, Predictor B shall be taken from block 3 in the macroblock immediately above the current
macroblock instead of from block 3 in the macroblock above and to the left of current macroblock as is the case
otherwise. Similarly, for the case where the macroblock is the last macroblock in the row, Predictor B for block 1 is
handled differently. In this case, the predictor shall be taken from block 2 in the macroblock immediately above the
current macroblock instead of from block 2 in the macroblock above and to the right of the current macroblock as is the
case otherwise. If the macroblock is in the first macroblock column, then Predictor C for blocks 0 and 2 shall be set to
0.

8.3.5.3.3 Calculating the Preliminary Motion Vector Predictor

Given the 3 motion vector predictor candidates, the pseudocode of Figure 54 shall specify the process for calculating
the preliminary motion vector predictors. These preliminary predictors are used in the next section to compute the
actual motion vector predictors.

In the pseudo-code, a predictor candidate shall be considered to be out of bounds, if either the corresponding block is
outside the frame boundary, or if the corresponding block is part of a different slice. A predictor candidate that is out of
bounds shall be set to zero.

| if (predictorC is out of bound || predictorC is intra) {
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predictorC_x = predictorC_y = 0;
}
if (predictorA is out of bound || predictorA is intra) {
predictorA_x = predictorA_y = 0;
}
if (predictorB is out of bound || predictorB is intra) {
predictorB_x = predictorB_y = 0;
}
if (predictorA is not out of bound) {
if (predictorC is out of bound && predictorB is out of bound) {
/I This condition is true only if the CodedWidth is less than or equal to 16.
predictor_pre_x = predictorA_x;
predictor_pre_y = predictorA_y;

}else {

/I calculate predictor from A, B and C predictor candidates
predictor_pre_x = median3(predictorA_x, predictorB_x, predictorC_x);
predictor_pre_y = median3(predictorA_y, predictorB_y, predictorC_y);

}

} else if (predictorC is not out of bound) {
predictor_pre_x = predictorC_x;
predictor_pre_y = predictorC_y;

}else {
predictor_pre_x = predictor_pre_y = 0;

Figure 54: Calculating Preliminary MV Predictor: Pseudo-code

8.3.5.3.4 Pullback of the Preliminary Motion Vector Predictor

After the preliminary predicted motion vectors (predictor pre x, predictor pre y) are computed, a “pull-back’
operation is performed, if necessary, on its values. The pull-back operation can be understood as follows: The
preliminary predicted motion vector is applied as if it is the motion vector of the current macroblock or block. The
preliminary predicted motion vector is checked to see if the block/macroblock referenced by it lies entirely outside of
the reference frame. If the referenced region is entirely outside of the frame boundaries, the preliminary predictor
motion vectors are clipped such that at least one pixel of the reference frame is inside the block/macroblock referenced
by the predictor.

The pull-back operation shall be implemented as follows:

Let X = 16 * ((CodedWidth + 15) / 16) * 4 — 4, and
Y = 16 * ((CodedHeight + 15) / 16) * 4 — 4.

Pull-back of Motion Vector Predictor of Macroblock: Let (MBx, MBy) be the current macroblock in the frame with
preliminary predicted motion vector (predictor pre x, predictor pre y). Let the values gx and qy represent the quarter
pixel coordinates of the top left corner of the macroblock as gx = MBx * 16 * 4, qy = MBy * 16 * 4.

e Ifgx + predictor pre x <—60, then predictor pre x shall be set to the value (—60 — gx).

e Ifgx + predictor pre x > X, then predictor pre x shall be set to the value X — gx.

e Ifqy + predictor pre y <—60, then predictor_pre_y shall be set to the value (—60 — qy).

e Ifqy + predictor pre y >Y, then predictor pre y shall be set to the value Y — qy.
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Pull-back of Motion Vector Predictor of block: Let (Bx, By) be the coordinates of the top left corner of the current
block in the frame with preliminary predicted motion vector (predictor_pre x, predictor pre y). Let the values qx and
qy represent the quarter pixel coordinates of the top left corner of the block as q