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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.

Tabl e of Contents

1. Introduction 4
2. Terns . . . 5
2.1. Terns and def|n|t|ons . 5
2.2. Abbreviated terns . 7
3. Conventions used in this docunent 8
3.1. Ceneral 8
3.2. Qperators . 8
3.2.1. Arithnetic operators 8
3.2.2. Bitwi se operators . 9
3.3. Range notation 9
3.3.1. Oder of operatlons precedence 9
3.4. Variables, syntax elenents and tables . 10
3.5. Processes . 12
4. Formats and processes used in thls docunent 12
4.1. Bitstreamformts . 12
4.2. Source, decoded and output frane fornats 12
4.3. Partitioning of a frane . 15
4.3.1. Partitioning of a frane |nto tlles 15
4.3.2. Spatial or conponent-w se partitioning 16
4.4. Scanni ng processes . e 17
4.4.1. Zig-zag scan 17
4.4.2. Inverse scan 18

5. Syntax and senantics . 19
5.1. Method of specifying syntax . 19
5.2. Syntax functions and descriptors 19
5.2.1. byte_aligned() . 20
5.2.2. nore_data_in_tile() 20
5.2.3. next_bits(n) 20
5.2.4. read_bits(n) . . 20
5.2.5. Syntax el enent proceSS|ng functlons . 20
5.3. List of syntax and senantics 21
5.3.1. Access unit 21
5.3.2. Primtive bltstreanlunlt 21
5.3.3. Primtive bitstreamunit header 22
5.3.4. Frane . . 24
5.3.5. Franme header 24
5.3.6. Frane information . 26

Lim et al. Expires 12 March 2026 [ Page 2]



I nternet-Draft APV Sept enber 2025
5.3.7. Quantization matrix . 29
5.3.8. Tile info . e 29
5.3.9. Access unit information . 31
5.3.10. Metadata 32
5.3.11. Filler 33
5.3.12. Tile . 33
5.3.13. Tile header 33
5.3.14. Tile data . . . 35
5.3.15. Macrobl ock Iayer 35
5.3.16. AC coefficient coding . 37
5.3.17. Byte alignnent 38

6. Decodi ng process . 38
6.1. MB decoding process . . 39
6.2. Block reconstruction process . 40
6.3. Scaling and transformati on process 41

6.3.1. Scaling process for transforn1coeff|0|ents 43
6.3.2. Process for scaled transformcoefficients . 43
7. Parsing process e e e 45
7.1. Process for syntax el ement type h(v) 45
7.1.1. Process for abs _dc_coeff diff 45
7.1.2. Process for coeff_zero_run . 46
7.1.3. Process for abs_ac_coeff_ninusl . 46
7.1.4. Process for variable Iength codes . . 46
7.2. Codeword generation process for h(v) (|nfornat|ve) 47
7.2.1. Process for abs_dc_coeff _diff L 48
7.2.2. Process for coeff _zero_run . 48
7.2.3. Process for abs_ac_coeff_mnusl . 48
7.2.4. Process for variable |l ength codes . 49

8. Metadata information 49
8.1. Metadata payl oad . . 49
8.2. List of netadata syntax and senantlcs . 50

8.2.1. Filler metadata . . . 50
8.2.2. Recommendation I TU-T T 35 nEtadata 50
8.2.3. Mastering display col or volune netadata . 51
8.2.4. Content light l|evel information netadata 53
8.2.5. User defined netadata . 53
8.2.6. Undefined netadata 54

9. Profiles, levels, and bands . e 54
9.1. Overview of profiles, levels, and bands . 54
9.2. Requirenments on video decoder capability 55
9.3. Profiles e 55

9.3.1. GCeneral . . . 55
9.3.2. 422-10 proflle 55
9.3.3. 422-12 profile 56
9.3.4. 444-10 profile 56
9.3.5. 444-12 profile . 57
9.3.6. 4444-10 profile . 58
9.3.7. 4444-12 profile . 58
Lim et al. Expires 12 March 2026 [ Page 3]



I nternet-Draft APV Sept enber 2025

9.3.8. 400-10 profile . . . . . . . . . . . . . . . . . . . 59
9.4. Levels and bands . . . . . . . . . . . . . . . . . . . . b9
9.4.1. General . . . . . . . . . . . . . . . .. . .. ... 60
9.4.2. Limts of levels and bands . . . . . . . . . . . . . 60

10. Security considerations . . . . . . . . . . . . . . . . ... 62
11. | ANA considerations . . . . . . . . . . . . . . . . . . . . . 63
12. Appendix . . . . . . . . . . . . . . . . . . . . . .. ... 63
12.1. Raw bitstreamformat . . . . . . . . . . . . . . . . . . 63
12.2. APV inplementations . . . . . . . . . . . . . . . . . . 63
12.2.1. OpenAPV open source project . . . . . . . . . . . . 63
12.2.2. Android open source project . . . . . . . . . . . . 64
12.2.3. FFnpeg open source project . . . . . . . . . . . . . 64

13. References . . . . . . . . . . . . . . . . . . . . .. ... 04
13.1. Normative References . . . . . . . . . . . . . . . . . . 64
13.2. Informative References . . . . . . . . . . . . . . . . . 64
Authors’ Addresses . . . . . . . . . . . . . . . . . . . . ... b5

1. Introduction

Thi s docunent defines the bitstream formats and decodi ng process for
Advanced Prof essional Video (APV) Codec. APV codec is a professiona
vi deo codec that was devel oped in response to the need for

prof essional |evel high quality video recording and post production
The primary purpose of APV codec is for use in professional video
recording and editing workflows for various types of content. APV
has been designed and devel oped to be made freely available to the

i ndustry for open public use without any licensing. This
specification is neither the product of the |IETF nor a consensus Vi ew
of the community.

The APV codec supports the follow ng features:

* Perceptually |l ossless video quality that is close to the original,
unconpressed quality

* Low conpl exity and high throughput intra frame only codi ng w thout
inter frane coding.

* Intra frame coding w thout prediction between pixel val ues but
bet ween transforned val ues for | ow delay encodi ng

* Support for high bit-rates up to a few Gohps for 2K, 4K and 8K
resol ution content, enabled by a |ightweight entropy codi ng schenme

* Frame tiling for imrersive content and for enabling parallel
encodi ng and decodi ng
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Support for various chroma sanmpling formats from4:0:0 to 4:4:4:4,
and bit depths from 10 to 16 (Note: The profiles supporting 10 bit
and 12 bit are currently defined)

Support for nultiple decoding and re-encodi ng without severe
visual quality degradation

Ter ns

Terns and definitions

access unit (AU): a collection of primtive bitstreamunits (PBU)
i ncluding various types of frames, nmetadata, filler, and access
unit information, associated with a specific time

band: a defined set of constraints on the value of the nmaxi mum
coded data rate of each |eve

bl ock: MKN (M colum by N-row) array of samples, or an MN array
of transform coefficients

byte-aligned: a position in a bitstreamthat is an integer
multiple of 8 bits fromthe position of the first bit in the
bi t stream

chroma: a sanple array or single sanple representing one of the
two color difference signals related to the primary col ors,
represented by the synbols Cb and Cr in 4:2:2 or 4:4:4 color

f or mat

coded frame: a coded representation of a frame containing all
macr obl ocks of the frame

coded representation: a data elenent as represented in its coded
form

component: an array or a single sanple fromone of the three
arrays (luma and two chroma) that compose a frame in 4:2:2, or
4:4:4 color format, or an array or a single sanple froman array
that conpose a frane in 4:0:0 color format, or an array or a
single sanple fromone of the four arrays that conpose a frane in
4:4:4:4 color format.

decoded frane: a frame derived by decoding a coded frame

decoder: an enbodi nent of a decodi ng process
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* decoding process: a process specified that reads a bitstream and
derives decoded frames fromit

* encoder: an enbodi ment of an encodi ng process

* encodi ng process: a process that produces a bitstream conform ng
to this docunent

* flag: a variable or single-bit syntax el enent that can take one of
the two possible values: 0 and 1

* frane: an array of |uma sanples and two correspondi ng arrays of
chroma sanples in 4:2:2, and 4:4:4 color format, or an array of
samples in 4:0:0 color format, or four arrays of sanples in
4:4:4:4 col or format

* level: a defined set of constraints on the values that are taken
by the syntax el enents and variables of this docunent, or the
val ue of a transform coefficient prior to scaling

* |luma: a sanple array or single sanple representing the nonochrone
signal related to the primary colors, represented by the synbol or
subscript Y or L

* macrobl ock (MB): a square bl ock of |luma sanples and two
correspondi ng bl ocks of chroma sanples of a frame in 4:2:2 or
4:4:4 color format, or a sqgaure block of sanples of a frame in
4:0:0 color format, or four square bl ocks of sanples of a frane in
4:4:4:4 color fornat

* partitioning: a division of a set into subsets such that each
el ement of the set is in exactly one of the subsets

* prediction: an enbodi nent of the prediction process

* prediction process: use of a predictor to provide an estinmate of
the data el ement currently being decoded

* predictor: a conbination of specified values or previously decoded
data el enments used in the decodi ng process of subsequent data
el ement s

* prinmtive bitstreamunit (PBU): a data structure to construct an
access unit with franme and netadata

* profile: a specified subset of the syntax of this docunent
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quantization paraneter (QP): a variable used by the decoding
process for scaling of transform coefficient levels

raster scan: a napping of a rectangul ar two-di nensional pattern to
a one-di mensional pattern such that the first entries in the one-
di mensi onal pattern are fromthe top row of the two-di nmensiona
pattern scanned fromleft to right, followed by the second, third,
etc., rows of the pattern each scanned fromleft to right

raw bitstream an encapsul ation of a sequence of access units
where a field indicating the size of an access unit precedes each
access unit as defined in Section 12.1

source: a termused to describe the video material or some of its
attributes before encodi ng process

syntax elenent: an el enent of data represented in the bitstream

syntax structure: zero or nore syntax el enments present together in
the bitstreamin a specified order

tile: a rectangular region of MBs within a particular tile colum
and a particular tile rowin a frane

tile colum: a rectangul ar regi on of MBs having a height equal to
the height of the franme and width specified by syntax elenments in
the frame header

tile row a rectangular region of MBs having a height specified by
syntax elenents in the frane header and a width equal to the width
of the frane

tile scan: a specific sequential ordering of MBs partitioning a
franme in which the MBs are ordered consecutively in MB raster scan
inatile and the tiles in a frame are ordered consecutively in a
raster scan of the tiles of the frane

transformcoefficient: a scalar quantity, considered to be in a
frequency domain, that is associated with a particul ar one-

di mensi onal or two-di nensional index

Abbrevi ated terns

I: intra

LSB: |east significant bit

MSB: nost significant bit
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* RGB: Red, Geen and Bl ue
3. Conventions used in this docunent
3.1. Cenera
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here
3.2. QOperators
The operators and the order of precedence are the same as used in the
C progranmi ng | anguage [1S09899], with the exception of the operators
described in the Section 3.2.1 and Section 3.2.2
3.2.1. Arithmetic operators
* [/ : an integer division with rounding of the result toward zero.
For exanple, 7//4 and -7//-4 are rounded to 1 and -7//4 and 7//-4
are rounded to -1

* [ or div(x,y) : adivision in mathematical equations where no
truncation or rounding is intended

* % : a nobdulus. x %y is a renmainder of x divided by y
* mn(x,y) : the mininmmvalue of the values x and y
*  max(x,y) : the maxi mum val ue of the values x and y

* ceil(x) : the smallest integer value that is larger than or equa
to x

* clip(x,y,z) : clip(x,y,z)=max(x,mn(z,y))

* sum (i=x, y, f(i)) : a summation of f(i) with i taking all integer
values fromx up to and including y

* log2(x) : the base-2 lograithmof x
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Bitwi se operators

& (bit-wise "and") : When operating on integer argunents, operates
on a two’s conpl enent representation of the integer value. Wen
operating on argunents with unequal bit depths, the bit depths are
equal i zed by adding zeros in significant positions to the argunent
with | ower bit depth.

| (bit-wise "or") : When operating on integer argunments, operates
on a two’s conpl enent representation of the integer value. Wen
operating on argunents with unequal bit depths, the bit depths are
equal i zed by adding zeros in significant positions to the argunent
with | ower bit depth.

x >y : arithmetic right shift of a two’s conpl enent integer
representation of x by y binary digits. This function is defined
only for non-negative integer values of y. Bits shifted into the
nmost significant bits (MSBs) as a result of the right shift have a
val ue equal to the MSB of x prior to the shift operation

X <<y : arithmetic left shift of a twd’ s conpl enment integer
representation of x by y binary digits. This function is defined
only for non-negative integer values of y. Bits shifted into the
| east significant bits (LSBs) as a result of the left shift have a
val ue equal to O.

Range not ati on

X =Yy..2

x takes on integer values starting fromy to z, inclusive, with x,
y, and z being integer nunmbers and z being greater than y.

Order of operations precedence

When order of precedence is not indicated explicitly by use of
par ent heses, operations are evaluated in the follow ng order

*

Operations of a higher precedence are eval uated before any
operation of a | ower precedence. Table 1 specifies the precedence
of operations fromhighest to | owest; operations closer to the top
of the table indicates a higher precedence.

Operations of the sane precedence are eval uated sequentially from
left to right.
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+:::::::::::::::::::::::::::::::::::::::::+
| operations (with operands x, y, and z) |
[& oo b s s e o}
| Ux+, T |
o o e i +
| "!x", "-x" (as a unary prefix operator) |
o m o e e +
| x*y (powver) I
T +
[ "x oy, ) Loyt tx Myt X %y I
o o o i +
| "x +y", "xo-oy", Usum (i=x, y, f(i))" |
o m o e e +
| "x << y", "x >> y" |
T +
| "x <y", "x <=y", x>yt "x >=y" |
o o o i +
| "x ==y", "x I=y" I
o m o e e +
| "x &y |
T +
| "x | y" I
o o oo +
| "x &&y" |
o m o e e +
[ "x || y" I
T +
| "x 2y oz |
oo o i +
|y |
o m oo +
| "x =y", "x +=y", "x -=y" |
T +

Table 1. Operation precedence from
hi ghest (top of the table) to | owest
(bottom of the table)

3.4. Vari abl es,

Each syntax el enent

and its type is provided next to the syntax code in each row.

syntax el ements and tables

is described by its nane

| owercase letters
Each

in all

syntax element and nulti-byte integers are witten in big endian

format.

The decodi ng process behaves according to the value of the

syntax el ement and to the val ues of previously decoded syntax

el enent s.
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In sone cases, the syntax tables may use the val ues of other

vari abl es derived fromsyntax el ements values. Such variabl es appear
in the syntax tables, or text, naned by a mxture of |ower case and
uppercase letters and without any underscore characters. Variables
with nanmes starting with an uppercase letter are derived for the
decodi ng of the current syntax structure and all dependent syntax
structures. Variables with nanes starting with an uppercase letter
may be used in the decoding process for later syntax structures

wi t hout nentioning the originating syntax structure of the variable.
Variables with names starting with a | owercase letter are only used
within the section in which they are derived.

Functions that specify properties of the current position in the
bitstreamare referred to as syntax functions. These functions are
specified in Section 5.2 and assunme the exi stence of a bitstream
pointer with an indication of the position of the next bit to be read
by the decoding process fromthe bitstream

A one-dinmensional array is referred to as a list. A two-dinensiona
array is referred to as a matrix. Arrays can either be syntax

el ements or variables. Square parentheses are used for the indexing
of arrays. 1In reference to a visual depiction of a matrix, the first
square bracket is used as a colum (horizontal) index and the second
square bracket is used as a row (vertical) index

A specification of values of the entries in rows and col ums of an
array may be denoted by {{...}{...}}, where each inner pair of
brackets specifies the values of the elenments within a rowin

i ncreasing columm order and the rows are ordered in increasing row
order. Thus, setting a matrix s equal to {{1 6}{4 9}} specifies that
s[0][0] is set equal to 1, s[1][0] is set equal to 6, s[O][1l] is set
equal to 4, and s[1][1] is set equal to 9.

Bi nary notation is indicated by enclosing the string of bit val ues by
single quote marks. For exanple, 01000001’ represents an eight-bit
string having only its second and its last bits (counted fromthe
most to the least significant bit) equal to 1.

Hexadeci mal notation, indicated by prefixing the hexadeci mal numnber
by "0x", may be used instead of binary notation when the nunber of

bits is an integer multiple of 4. For exanple, 0x4l represents an
eight-bit string having only its second and its last bits (counted
fromthe nost to the |east significant bit) equal to 1.

A value equal to O represents a FALSE condition in a test statenent.
The value TRUE is represented by any value different from zero.
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Processes

Processes are used to describe the decoding of syntax elenents. A
process has a separate specification and invoking. Wen invoking a
process, the assignment of variables is specified as follows:

* |f the variables at the invoking and the process specification do
not have the sane nane, the variables are explicitly assigned to
| ower case input or output variables of the process specification

* (Otherwise (the variables at the invoking and the process
speci fication have the sane nane), the assignnent is inplied.

In the specification of a process, a specific coding block is
referred to by the variable nane having a val ue equal to the address
of the specific coding block

Formats and processes used in this docunent

Bitstream fornats

This section specifies the bitstream of the Advanced Prof essi ona
Vi deo (APV) Codec

The raw bitstreamformat is a format consist with a sequence of AUs
where the field indicating the size of access units precedes each of
them The raw bitstreamformat is specified in Section 12.1

Sour ce, decoded and output frane formats

This section specifies the relationship between the source and the
decoded franes that are the results of the decoding process.

The video source that is represented by the bitstreamis a sequence
of franes.

The source and decoded frames are each conprised of one or nore
sampl e arrays:

* NMonochrone (for exanple, Lunma only)
* Luma and two chroma (for exanple, YCbCr or YCgCo).
* Geen, blue, and red (GBR, al so known as RGB)

* Arrays representing other unspecified tri-stinmulus color sanplings
(for example, YzZX, al so known as XYZ).
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* Arrays representing other unspecified four col or sanplings

For the conveni ence of notation and term nology in this docunent, the
vari ables and terns associated with these arrays can be referred to
as luma and chroma regardl ess of the actual color representation

met hod in use.

The vari abl es SubW dt hC, SubHei ght C and NumConps are specified in
Tabl e 2, depending on the chroma format sanpling structure, which is
specified through chrona format _idc. Oher val ues of
chronma_format _idc, SubWdthC, SubHei ghtC and NunConps nmay be
specified in the future.

[ sl oo ool sl oo oot °)
| chroma_format_idc | Chroma | SubWdthC | SubHeightC | NunConps

I | format | I I I
B el Sl —p—j—_—— g g —_———(————— g o
| 0 | 4:0:0 | 1 | 1 | 1 |
I I I R R I I R +
| 1 | reserved | reserved | reserved | reserved

I I I R F--- - - F--- - - - R I F--- - - +
| 2 | 4:2:2 | 2 | 1 | 3 |
I i I I R I I I I +
| 3 | 4:4:4 | 1 | 1 | 3 |
I I I R R I I R +
| 4 | 4:4:4:4 | 1 | 1 | 4 |
I I I R F--- - - F--- - - - R I F--- - - +
| 5..7 | reserved | reserved | reserved | reserved

I i I I R I I I I +

Tabl e 2: SubW dt hC, SubHei ght C and NuntConps val ues derived from
chroma_format _idc

In 4:0:0 sanpling, there is only one sanple array that can be
considered as the luma array.

In 4:2:2 sanpling, each of the two chroma arrays has the same hei ght
and half the width of the luma array.

In 4:4:4 sanpling and 4:4:4:4 sanpling, all the sanple arrays have
the sane height and width as the luma array.

The nunber of bits necessary for the representation of each of the

samples in the luma and chroma arrays in a video sequence is in the
range of 10 to 16, inclusive.
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When the value of chroma_format_idc is equal to 2, the chroma sanpl es
are co-sited with the corresponding | uma sanpl es and the noni na
| ocations in a frame are as shown in Figure 1.

&* &* &* &* &*

&* &* &* &* &*

&* &* &* &* &%

&* &* &* & * &%

& - location where both |uma and chroma sanpl e exi st
* - |ocation where only |uma sanpl e exi st

Figure 1: Nomi nal vertical and horizontal |ocations of 4:2:2 |uma
and chroma sanples in a frane

When the value of chroma format _idc is equal to 3 or 4, for each
frane, all the array sanples are co-sited and the nom nal |ocations
in a frame are as shown in Figure 2.

& & & &&E&E&EK&&& ..

& & & &&E&E&EK&&& ..

& & & &&E&E&E&&& ..

& & & & & & & & & & ..

& - location where both luma and chroma sanpl e exi st

Figure 2: Nominal vertical and horizontal |ocations of 4:4:4 and
4:4:4:4 luma and chroma sanples in a frane

The sanples are processed in units of MBs. The variables MoWdth and
MoHei ght, which specify the width and height of the luma arrays for
each MB, are defined as foll ows:

* MWdth = 16

*  MoHei ght = 16
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The vari abl es MoW dt hC and MoHei ght C, which specify the wi dth and
hei ght of the chroma arrays for each MB, are derived as foll ows:

* MWdthC = MoWdth // SubW dthC
*  MoHei ght C = MoHei ght // SubHei ghtC
4.3. Partitioning of a frane
4.3.1. Partitioning of a frame into tiles
This section specifies howa frame is partitioned into tiles.

Aframe is divided into tiles. Atile is a group of MBs that cover a
rectangul ar region of a frame and is processed i ndependently of other
tiles. Every tile has the sane width and hei ght, except possibly
tiles at the right or bottom frane boundary when the frame width or
height is not a nultiple of the tile width or height, respectively.
The tiles in a frane are scanned in raster order. Wthin a tile, the
MBs are scanned in raster order. Each MBis conprised of one
(MoWdth) x (MoHeight) luma array and zero, two, or three
correspondi ng chronma sanpl e arrays.

For exanple, a frane is divided into 6 tiles (3 tile colums and 2
tile rows) as shown in Figure 3: Frane with 10 by 8 MBs that is
partitioned into 6 tiles. In this exanple, the tile size is defined
as 4 colum MBs and 4 row MBs. In case of the third and sixth tiles
(inraster order), the tile size is 2 columm MBs and 4 row MBs since
the frame width is not multiple of the tile width.
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[ ool e e s e g
# | | | #MB| MB| MB| MB# MB| MB #
I IR R I IR R I +
# | | | # MB| MB| MB| MB# MB| MB #
+----- tile ----- R Fome e - +
# | | | #VMB| MB| MB| MB# MB| MB #
R I ] R I ] F--- - - - - +
# | | | #MB| MB| MB| MB# MB| MB #
[ et s ey e el
#MB| MB| MB| MB# MB| MB| MB| MB# MB | MB #
I I ] I I ] L +
#MVMB| MB| MB| MB# MB| MB| MB| MB# MB| MB #
R I ] R I ] F--- - - - - +
#MB| MB| MB| MB# MB| MB| MB| MB# MB| MB #
I IR R I IR R I +
#MB| MB| MB| MB# MB| MB| MB| MB# MB | MB #
B Tttty ey Pl pp—p—(—(—r—

#,= tile boundary
|,- MB boundary
Figure 3: Frane with 10 by 8 MBs that is partitioned into 6 tiles
4.3.2. Spatial or conmponent-w se partitioning

The foll owi ng divisions of processing elenments form spatial or
conponent -w se partitioning:

* the division of each frane into conponents;

* the division of each frane into tile col ums;

* the division of each frame into tile rows;

* the division of each tile columm into tiles;

* the division of each tile rowinto tiles;

* the division of each tile into col or conponents;
* the division of each tile into Ms;

* the division of each MB into bl ocks.
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4.4. Scanni ng processes
4.4.1. Zig-zag scan

This process converts a two dinensional array into an one dinensiona
array. The process starts at the top-left position position in the
bl ock then noves di gaonally, changing direction at the edges of the
bl ock until it reaches the bottomright position. Figure 4 shows an
exanpl e of scanning order for 4x4 size bl ock

[ gt o
# 00| 01| 05| 06 #
I I I R +
# 02| 04| 07 | 12 #
I I I R +
# 03| 08| 11 | 13 #
I i I I R +
# 09| 10 | 14 | 15 #
[ bl

Figure 4: Exanpl e of zig-zag scanning order for 4x4 bl ock
Inputs to this process are:
* a variable blkWdth specifying the width of a block, and
* a variable bl kHei ght specifying the height of a block
Qut put of this process is the array zi gZagScan[ sPos].
The array i ndex sPos specifies the scan position ranging fromO to

(bl kwWdth * bl kHeight)-1. Depending on the value of bl kWdth and
bl kHei ght, the array zigZagScan is derived as foll ows:
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pos =0
zi gZagScan[ pos] = 0
pos++
for(line = 1; line < (blkWdth + bl kHeight - 1); line++){
if(line %2){
x = mn(line, blkWdth - 1)
y = max(0, line - (blkWdth - 1))
while(x >=0 &% y < bl kHei ght){
zi gZagScan[pos] =y * blkWwdth + x
pos++
X__
y++

}

el se{
y = mn(line, blkHeight - 1)
x = max(0, line - (bl kHeight - 1))
while(y >= 0 & & x < bl kW dt h) {
zi gZagScan[pos] =y * blkWdth + x

pos++
X++
y__
}
}
}
Figure 5: Pseudo-code for zig-zag scan
4.4.2. lnverse scan

Inputs to this process are:

* a variable blkWdth specifying the width of a bl ock, and

* a variabl e bl kHei ght specifying the height of a bl ock

Qut put of this process is the array inverseScan[rPos].

The array index rPos specifies the raster scan position ranging from

0 to (blkWdth * bl kHeight)-1. Depending on the value of bl kWdth

and bl kHei ght, the array inverseScan is derived as foll ows:

* The variable forwardScan is derived by invoking zig-zag scan order
1D array initialization process as specified in Section 4.4.1 with

i nput paraneters bl kWdth and bl kHei ght.

* The output variable inverseScan is derived as follows:
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for(pos = 0; pos < blkWdth * bl kHei ght; pos++){
i nver seScan[ f orwar dScan[ pos]] = pos

}

Fi gure 6: Pseudo-code for inverse zig-zag scan
5. Syntax and semantics
5.1. Method of specifying syntax

The syntax tables specify a superset of the syntax of all allowed
bitstreans. Note that an actual decoder MJST i npl enent sonme neans
for identifying entry points into the bitstream and some neans to
identify and handl e non-conform ng bitstreans. The methods for
identifying and handling errors and other such situations are not
specified in this docunent.

The APV bitstreamis described in this docunent using syntax code
based on the C programm ng | anguage [l SCA899] and uses its if/else,
whil e, and for keywords as well as functions defined within this
docunent .

The syntax table in syntax code is presented in a two-colum fornmat
such as shown in Figure 7. In this form the type colum provides a
type referenced in that same |ine of syntax code by using syntax

el ements processing function defined in Section 5.2.5.

syntax code | type
Exanpl eSynt axCode() {

I

oper ati ons |

synt ax_el enment | u(n)
|

Figure 7: A depiction of type-Ilabeled syntax code for syntax
description in this docunent
5.2. Syntax functions and descriptors
The functions presented in this docunent are used in the syntactica
description. These functions are expressed in terns of the value of

a bitstream pointer that indicates the position of the next bit to be
read by the decoding process fromthe bitstream
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5.2.1. byte_aligned()

* |f the current position in the bitstreamis on the last bit of a
byte, i.e., the next bit in the bitstreamis the first bit in a
byte, the return value of byte aligned() is equal to TRUE

* Otherwi se, the return value of byte aligned() is equal to FALSE
5.2.2. nore_data_in_tile()

* |f the current positioninthe i-th tile() syntax structure is
less than TileSize[i] in bytes fromthe beginning of the
tile_header() syntax structure of the i-th tile, the return value
of nmore_data_in_tile() is equal to TRUE

* (Otherwise, the return value of nore data in_ tile() is equal to
FALSE.

5.2.3. next_bits(n)

This function provides the next n bits in the bitstreamfor
conpari son purposes, w thout advancing the bitstream pointer

5.2.4. read_bits(n)

This function indicates to read the next n bits fromthe bitstream
and advances the bitstream pointer by n bit positions. Wen nis
equal to 0, read bits(n) is specified to return a value equal to 0O
and to not advance the bitstream pointer.

5.2.5. Syntax el ement processing functions

* b(8): byte having any pattern of bit string (8 bits). The parsing
process for this descriptor is specified by the return val ue of
the function read bits(8).

* f(n): fixed-pattern bit string using n bits witten (fromleft to
right) with the left bit first, i.e. big endian format. The
parsing process for this descriptor is specified by the return
val ue of the function read_bits(n).

* u(n): unsigned integer using n bits. The parsing process for this
descriptor is specified by the return value of the function
read_bits(n) interpreted as a binary representati on of an unsigned
integer with nmost significant bit witten first.
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* h(v): variable-length entropy coded syntax elenent with the left
bit first, i.e. big endian format. The parsing process for this
descriptor is specified in Section 7.1

curr ReadSi ze += pbu_size
} while (au_size > currReadSi ze)

Li st of syntax and senantics
1. Access unit

synt ax code | type
______________________________________________________________ |_____

access_unit(au_size){ |
signature | f(32)

currReadSi ze = 4 |

do(){ |
pbu_si ze | u(32)

currReadSi ze += 4 |

pbu() I

I

I

I

Figure 8: access unit syntax code
* signhature

A four-character code that identifies the bitstreamas an APV AU.
The val ue MUST be "aPvl' (0x61507631).

*  pbu_size

indicates the size of a primtive bitstreamunit in bytes. The
val ue of 0 for pbu_size is prohibited and the val ue of OxFFFFFFFF
for pbu_size is reserved for future use.

Note: An AU consists of one primary frane, zero or nore non-prinary
frames such as a frame for additional view, zero or nore al pha
franes, zero or nore depth frames, zero or nore preview frame such as
a frame with snmaller resolution, zero or nore netadatas, and zero or
more fillers.

2. Primtive bitstreamunit
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synt ax code | type

pbu() {
pbu_header ()

if((1 <= pbu_type && pbu_type <=2) |
(25 <= pbu_type && pbu_type <= 27))
frame()

el se if(pbu_type == 65)
au_i nfo()

el se if(pbu_type == 66)
met adat a()

else if (pbu_type == 67)
filler()

Figure 9: prinmtive bitstreamunit syntax code
5.3.3. Primtive bitstreamunit header
synt ax code | type

pbu_header (){

I
pbu_type | u(8)
group_id | u(16)
reserved_zero_8bits | u(8)
} I
Figure 10: primtive bitstreamunit header syntax code
*  pbu_type

indicates the type of data in a PBUlisted in Table 3. O her
val ues of pbu_type are reserved for future use.
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[ ool ey e e o)
| pbu_type | meani ng | notes

[ e —— C———————————————(———————— L pp—p—p—(—r 1
| 0 | reserved | |
R T R omm - +
| 1 | primary frane | |
e I T e +
| 2 | non-primary frane | |
TS o e e e e e e oo R, +
| 3...24 | reserved | |
R T R omm - +
| 25 | preview frane | |
e I T e +
| 26 | depth frane | |
TS o e e e e e e oo R, +
| 27 | al pha frane | |
R T R omm - +
| 28...64 | reserved | |
e I T e +
| 65 | access unit information | |
TS o e e e e e e oo R, +
| 66 | met adat a | |
R T R omm - +
| 67 | filler | |
e I T e +
| 68...255 | reserved | |
TS o e e e e e e oo R, +

Table 3: List of PBU types

Note: A PBU with pbu_type equal to 65 (access unit information)
may happen in an AU. If it exists, it MJST be the first PBU in an
AU, and it can be ignored by a decoder.

* group_id

indicates the identifier to associate coded frane with netadata.
More than two frame can have the same group_id in a single AU. A
primary frame and a non-primary frame MJST have different group_id
val ue and two non-primary franmes MJST have different group_id

val ues. Wen the value of group_id is equal to 0, the val ue of
pbu_type MJST be greater than 64. The value of OxFFFF for
group_id is reserved for future use.

* reserved_zero_8bits
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MUST be equal to O in bitstreans conforming to this version of

docunent. Values of reserved_zero 8bits greater than 0 are
reserved for future use. Decoders conformng to a profile
specified in Section 9 MJST ignore PBU with val ues of
reserved zero 8bits greater than O.

5.3.4. Frane
synt ax code |
frame(){

franme_header ()

for(i = 0; i < Nunfiles; i++){
tile_size[i]
tile(i)

}
filler()

Figure 11: frame() syntax code
* tile_size[i]
indicates the size in bytes of i-th tile data (i.e., tile(i))
raster order in a frame. The value of O for tile_size[i] is
reserved for future use

The variable TileSize[i] is set equal to tile_size[i].

5.3.5. Frane header

u(32)

in
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synt ax code

franme_header () {

frame_info()

reserved zero 8bits

col or _descri ption_present_fl ag

i f(color_description_present _flag){
color_primaries
transfer_characteristics
matri x_coefficients

full

}

range_fl ag

use_q_matrix
i f(use_g_matrix){
quantization_matri x()

tile_info()
reserved zero 8bits
byt e_al i gnnent ()

Figure 12: frame_header() syntax code

* reserved_zero 8hbits

MJST be equa

Sept enber 2025

u( 8)

to O in bitstreans conforming to this version of

docunent. Values of reserved_zero 8bits greater than 0 are

reserved for future use

Decoders conformng to a profile

specified in Section 9 MJST ignore PBU with val ues of
reserved zero 8bits greater than O.

* col or_description_present_flag equal to 1

specifies that color_prinmaries,
matri x_coefficients are present.

equal

to O specifies that color_prinmaries,

transfer_characteristics and
col or _description_present flag

transfer_characteristics and matri x_coefficients are not present.

* color_primaries

MUST have the semantics of ColourPrinmaries as specified in [H273].

When the color_primaries syntax el enent

of color_primaries is inferred to be equa

* transfer_characteristics

Lim et al
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MUST have the senmantics of TransferCharacteristics as specified in
[H273]. When the transfer_characteristics syntax element is not
present, the value of transfer_characteristics is inferred to be
equal to 2.

* matrix_coefficients
MUST have the semantics of MatrixCoefficients as specified in
[H273]. When the matrix_coefficients syntax el enment is not
present, the value of matrix_coefficients is inferred to be equa
to 2.

* full _range_flag
MJST have the semantics of VideoFull RangeFlag as specified in
[H273]. Wien the full _range flag syntax elenent is not present,
the value of full _range flag is inferred to be equal to O.

* use_qg_matrix
equal to 1 specifies that the quantization matrices are present.
use q matrix equal to O specifies that the quantization matrices
are not present.

* reserved_zero_8bhits
MJST be equal to O in bitstreans conform ng to this version of
docunent. Values of reserved zero 8bits greater than 0 are
reserved for future use. Decoders conforming to a profile
specified in Section 9 MJUST ignore PBU wi th val ues of
reserved_zero_8bits greater than O.

5.3.6. Frame information
syntax code | type

frame_i nfo(){

|
profile_idc | u(8)
| evel _idc | u(8)
band_i dc | u(3)
reserved_zero 5bits | u(5)
frame_wi dth | u(24)
frame_hei ght | u(24)
chroma_format _idc | u(4)
bi t _dept h_ni nus8 | u(4)
capture_tine_di stance | u(8)
reserved_zero_8bits | u(8)

|
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Figure 13: frame_info() syntax code
* profile_idc

indicates a profile to which the coded frane conforns to as
specified in Section 9. Bitstreans SHALL NOT contain val ues of
profiles_idc other than those specified in Section 9. O her
val ues of profile_idc are reserved for future use.

* level _idc

indicates a level to which the coded frame conforns to as
specified in Section 9. Bitstreans SHALL NOT contain val ues of

| evel _idc other than those specified in Section 9. Oher val ues
of level idc are reserved for future use.

* band_idc

speci fies a maxi mum coded data rate of level _idc as specified in
Section 9. Bitstreans SHALL NOT contain val ues of band_idc other
than those specified in Section 9. The value of band_idc MJST be
in the range of 0 to 3. Oher values of band idc are reserved for
future use

* reserved_zero_5bhits

shall be equal to O in bitstreanms conform ng to this version of
docunent. Values of reserved zero 5bits greater than 0 are
reserved for future use. Decoders conforming to a profile
specified in Section 9. MJST ignore PBU with val ues of
reserved_zero_5bits greater than O.

* frame_w dth
specifies the width of franme in units of lunma sanples. frame_w dth
MJUST be a nultiple of 2 when chroma _format _idc has a value of 2
The value of 0 for frane_width is reserved for future use

* frane_hei ght

specifies the height of frane in units of luma sanples. The val ue
of 0 for franme_height is reserved for future use

* The variabl es FrameW dt hl nMosY, FrameHei ght | nMosY,
FrameW dt hl nSanpl esY, FranmeHei ght | nSanmpl esY, FranmeW dt hl nSanpl esC,
FrameHei ght | nSanpl esC, FraneSi zel nvbsY, and FraneSi zel nSanpl esY
are derived as foll ows:
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- FranmeWdt hl nSanpl esY = frame_wi dth

- FraneHei ght I nSanpl esY = frane_hei ght

- FraneWdt hl nMosY = cei |l (FraneW dt hl nSanpl esY / MW dt h)

- FraneHei ght I nMdsY = cei |l (FrameHei ght | nSanpl esY / MoHei ght)

- FraneW dt hl nSanpl esC = FraneW dt hl nSanpl esY // SubW dt hC

- FraneHei ght I nSanpl esC = FraneHei ght | nSanpl esY // SubHei ght C
- FraneSi zel nMosY = FraneW dt hl nMosY * FraneHei ght | nMosY

- FraneSi zel nSanpl esY = FrameW dt hl nSanpl esY *
Fr ameHei ght | nSanpl esY

* chroma_format _idc
specifies the chroma sampling relative to the | uma sanpling as
specified in Table 2 The value of chroma_format_idc MJST be 0, 2,
3, or 4. Oher values of chrona format _idc are reserved for
future use

* bit_depth_m nus8

specifies the bit depth of the sanples. The variables BitDepth
and pBdOffset are derived as foll ows:

0 BitDepth = bit_depth_minus8 + 8
0 @QBdOfset = bit_depth_mnus8 * 6

bit depth_m nus8 MJST be in the range of 2 to 8, inclusive. Oher
val ues of bit_depth_minus8 are reserved for future use.

* capture_tine_distance
indicates tine difference between the capture tine of the franes
in the previous access unit and franes in the current access unit
in mlliseconds if there has been any access unit preceding the
access unit this frame belongs to.

* reserved zero 8bits
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MJST be equal to O in bitstreanms confornming to this version o
docunent. Values of reserved_zero 8bits greater than 0 are
reserved for future use. Decoders conformng to a profile
specified in Section 9 MJST ignore PBU with val ues of
reserved zero 8bits greater than O.

5.3.7. Quantization matrix
synt ax code |

quanti zation_matri x(){
for(i = 0; i < NunConps; i++){
for(y = 0; y < 8; y++){
for(x =0; x < 8 x++){
q_matrix[i][x][y]

Figure 14: quantization_matrix() syntax code

* o matrix[i][x][y]

specifies a scaling value in the quantization matrices. Wen
g matrix[i][x][y] is not present, it is inferred to be equa
16. The array index i specifies an indicator for the color

2025

f

u(8)

to

conponent; when chroma_format _idc is equal to 2 or 3, O for VY, 1

for Cb and 2 for C. The value of 0 for g _matrix[i][x][y] is
reserved for future use

The quantization matrix, Qvatrix[i][x][y], is derived as fol
Qvatrix[i][x][y]l = a_matrix[i][x][y]
5.3.8. Tile info
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}

synt ax code | type
.............................................................. [-----
tile_info(){ |
tile_wi dth_in_nbs | u(20)
tile_height _in_nbs | u(20)
start Mo=0 |
for(i = 0; startM < FraneWdthl nMsY; i++){ |
Col Starts[i] = startM * MoWdth |
startMy += tile_ width_in_nbs |
} I
Col Starts[i] = FrameW dt hl nMosY* MoW dt h
TileCols =i |
startMb = 0 |
for(i = 0; startM < FraneHei ghtlnMsY; i ++){ |
RowStarts[i] = startM * MoHei ght
startM += tile_height_in_nbs |
} I
RowSt arts[i] = FraneHei ght | nMbsY*MHei ght |
Til eRows = i |
NunTiles = TileCols * Til eRows |
tile_size_present _in_fh flag | u(1)
if(tile_size present_in_fh flag){ |
for(i = 0; i < Nunfliles; i++){ |
tile_size_in_fh[i] | u(32)
} I
I
I

Figure 15: tile_info() syntax code
* tile_width_in_nbs
specifies the width of a tile in units of MBs.
* tile_height _in_nbs
specifies the height of a tile in units of MBs.
* tile_size_present_in_fh_flag
equal to 1 specifies that tile_size in fh[i] is present in Franme
header. tile size present_in fh flag equal to 0 specifies that

tile_size_in_fh[i] is not present in Frane header

* tile_size_in_fh[i]
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5.3.

indicates the size in bytes of i-th tile data in raster order in a
franme. The value of tile_size_in_fh[i] MJST have the same val ue
with tile_size[i]. Wen it is not present, the value of

tile size in fh[i] is inferred to be equal to tile_size[i]. The
value of O for tile_ size in fh[i] is reserved for future use.

byt e_al i gnnent ()
filler()

9. Access unit information
synt ax code | type
______________________________________________________________ | [
au_info(){ |
num franes | u(16)
for(i = 0; i < numframes; i++){ |
pbu_t ype | u(8)
group_id | u(16)
reserved zero 8bits | u(8)
frame_info() |
} I
reserved_zero_8bits | u(8)
I
|
I

Figure 16: au_info() syntax code
num franes
i ndi cates the nunber of franes contained in the current AU.
pbu_type
has the sane semantics as pbu_type in the pbu_header() syntax.
Not e: The val ue of pbu_type MJUST be 1, 2, 25, 26, or 27 in
bitstreans conformng to this version of docunent.
group_id
has the sane semantics as group_id in the pbu_header() syntax.
reserved zero 8bits
MUST be equal to O in bitstreans conform ng to this version of
docunent. Values of reserved _zero 8bits greater than 0 are
reserved for future use. Decoders conformng to a profile

specified in Section 9 MIJST ignore PBU with val ues of
reserved zero 8bits greater than O.
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5.3.10. Metadata
synt ax code | type

met adat a() {
met adat a_si ze
currReadSi ze = 0
do{
payl oadType = 0
whi | e(next _bits(8) == OxFF){
ff_byte
payl oadType += ff_byte
curr ReadSi ze++

f(8)

met adat a_payl oad_t ype
payl oadType += netadat a_payl oad_type
curr ReadSi ze++

u(8)

payl oadSi ze = 0
whi | e(next _bits(8) == OxFF){
ff_byte
payl oadSi ze += ff_byte
curr ReadSi ze++
}
met adat a_payl oad_si ze
payl oadSi ze += netadat a_payl oad_si ze
curr ReadSi ze++

f(8)
u(8)

met adat a_payl oad( payl oadType, payl oadSi ze)
curr ReadSi ze += payl oadSi ze
} while(nmetadata_size > currReadSi ze)
filler()

Figure 17: nmetadata() syntax code
*  netadata_size
specifies the size of netadata before filler() in the current PBU
* ff _byte
is a byte equal to OxFF.
* et adat a_payl oad_t ype

specifies the |ast byte of the payload type of a netadata
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* net adat a_payl oad_si ze
specifies the |ast byte of the payl oad size of a netadata

Syntax and semantics of netadata payl oad() are specified in
Section 8.

5.3.11. Filler

synt ax code | type
______________________________________________________________ [-----
filler(){ |
whi | e(next _bits(8) == OxFF) |
ff_byte | f(8)
} |

Figure 18: filler() syntax code
* ff_byte
is a byte equal to OxFF.
5.3.12. Tile
synt ax code | type
tile(tileldx)({
tile_header(tileldx)
for(i = 0; i < NumConps; i++){
tile data(tileldx, i)
}

whil e(nore_data_in_tile()){
tile_dummy_byte
}

}

b('8)

Figure 19: tile() syntax code
* tile_dumy_byte
has any pattern of 8-bit string.

5.3.13. Tile header
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synt ax code | type

tile_header(tileldx){

byt e_al i gnnent ()

|
tile_header_size | u(16)
tile_index | u(16)
for(i = 0; i < NunConps; i++){ |
tile_data_size[i] | u(32)
} I
for(i = 0; i < NumConps; i ++){ |
tile_qgp[il] | u(8)
I
reserved zero 8bits | u(8)
I
I

Figure 20: tile_header() syntax code
* tile_header_size
indicates the size of the tile header in bytes.
* tile_index

specifies the tile index in raster order in a frane. tile_index
MUST have the sane value with til el dx.

* tile_data_size[i]
i ndicates the size of i-th color conponent data in atile in
bytes. The array index i specifies an indicator for the color
component; when chroma_format_idc is equal to 2 or 3, O for Y, 1

for Cb and 2 for Cr. The value of O for tile data_size[i] is
reserved for future use

* tile_gp[i]
specify the quantization paranmeter value for i-th col or conmponent.
The array index i specifies an indicator for the col or component;
when chroma_format_idc is equal to 2 or 3, O for Y, 1 for Cb and 2

for Cr. @lJfi] to be used for the MBs in the tile are derived as
fol | ows

o QlJi] =tile_qgp[i] - QBdO fset
0 Qi] MIST be in the range of -QBdOfset to 51, inclusive.

* reserved_zero 8hits
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MUST be equal to O in bitstreans conforming to this version of
docunent. Values of reserved_zero 8bits greater than 0 are
reserved for future use. Decoders conformng to a profile
specified in Section 9 MJST ignore PBU with val ues of
reserved zero 8bits greater than O.

5.3.14. Tile data
synt ax code | type

tile data(tileldx, cldx){

X0 = Col Starts[tileldx % Til eCol s]

yO0 = RowStarts[tileldx // TileCol s]

nunmvbCol sInTile = (Col Starts[tileldx % TileCols + 1] -
Col Starts[tileldx % TileCols]) // MWdth

nunvbRowsI nTile = (RowStarts[tileldx // TileCols + 1] -
RowStarts[tileldx // TileCols]) // MoHeight

nunvbsl nTil e = nunvbCol sI nTile * nunmvbRowsl nTi | e

PrevDC = 0O

PrevDcDi ff = 20

Previst AcLevel = 0

for(i = 0; i < nunmMvbsIinTile; i++){
xMo = x0 + ((i % nunmvbCol sl nTile) * MW dth)
yMo = yO + ((i // numvbCol sInTile) * MoHei ght)

macr obl ock_| ayer (xMd, yMo, cldx)

byte_al i gnnent ()

Figure 21: tile data() syntax code

5.3.15. WMacrobl ock | ayer
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synt ax code | type

macr obl ock_| ayer (xMd, yM, cldx){
subW= (cldx == 0)? 1 : SubWdthC
subH = (cldx == 0)? 1 : SubHeightC
blkWdth = (cldx == 0)? MoWdth : MWdt hC
bl kHei ght = (cldx == 0)? MoHei ght : MHei ghtC
TrSize = 8
for(y = 0;, y < blkHeight; y += TrSize){
for(x = 0; x < blkWdth; x += TrSize){

abs_dc_coeff diff h(v)
i f(abs_dc_coeff diff)
sign_dc_coeff _diff u(l)

TransCoeff[cldx][xMy // subW+ x][yMd // subH + y] =
PrevDC + abs_dc_coeff _diff *
(1 - 2*sign_dc_coeff diff)

PrevDC =

TransCoeff[cldx][xMy // subW+ x][yM // subH + y]

PrevDcDi ff = abs_dc_coeff _diff

ac_coeff_codi ng(xMd // subW+ x, yM // subH + vy,
| 0og2(TrSi ze), |1og2(TrSize), cldx)

Fi gure 22: macrobl ock_| ayer () syntax code
* abs_dc_coeff diff

specifies the absolute value of the difference between the current
DC transform coefficient |evel and PrevDC

* sign_dc_coeff _diff

specifies the sign of the difference between the current DC
transform coefficient |evel and PrevDC. sign_dc_coeff_diff equa
to O specifies that the difference has a positive val ue.
sign_dc_coeff_diff equal to 1 specifies that the difference has a
negati ve val ue.

The transform coefficients are represented by the arrays
TransCoeff[cldx][x0][y0]. The array indices x0, yO specify the

| ocation (x0, y0) relative to the top-left sanple for each conponent
of the frame. The array index cldx specifies an indicator for the
col or comnponent; when chroma_format_idc is equal to 2 or 3, 0 for Y,
1 for Cb and 2 for Cr. The value of TransCoeff[cldx][x0][y0] MJIST be
in the range of -32768 to 32767, inclusive.
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5.3.16. AC coefficient coding

synt ax code | type
ac_coeff _codi ng(x0, y0, |og2Bl kWdth, |o0g2Bl kHei ght, cldx){
scanPos =
firstAC =
PrevLevel
PrevRun =
do{
coeff_zero_run
for(i = 0; i < coeff_zero_run; i++){
bl kPos = ScanOrder[ scanPos]
XC = blkPos & ((1 << |l og2Bl kWdth) - 1)
yC = bl kPos >> | 0g2BI kW dt h
TransCoef f[cl dx] [ x0+xC][y0 + yC] =0
scanPos++

Prevlst AcLevel

QlIl P,k

h(v)

}

I

I

I

I

I

I

I

I

I

I

I

I

I

PrevRun = coeff_zero_run |

i f(scanPos < (1 << (log2Bl kWdth + | o0g2Bl kHei ght))){ |
abs_ac_coeff_mnusl | h(v)
sign_ac_coeff | u(l)
| evel = (abs_ac_coeff _minusl + 1) * |
(1 - 2 * sign_ac_coeff) |
bl kPos = ScanOrder[ scanPos] |
XC = blkPos & ((1 << |l og2Bl kWdth) - 1) |
yC = bl kPos >> | 0g2BI kW dt h |
I
I
I
I
I
I
I
I
I
I

TransCoeff[cldx][x0 + xC|[y0 + yC] = |l eve
scanPos++
PrevLevel = abs_ac_coeff _minusl + 1
if(firstAC == 1){

firstAC =0

Prevlst AcLevel = PrevlLevel
}

}
} while(scanPos < (1 << (log2Bl kWdth + | 0g2BI kHei ght)))

Figure 23: ac_coeff_coding() syntax code
* coeff_zero_run
speci fies the nunmber of zero-valued transform coefficient levels
that are | ocated before the position of the next non-zero
transformcoefficient level in a scan of transform coefficient
| evel s.

* abs_ac_coeff _mnusl
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plus 1 specifies the absolute value of an AC transform coeffi cient
| evel at the given scanning position

* sign_ac_coeff

specifies the sign of an AC transform coefficient level for the
gi ven scanning position. sign_ac_coeff equal to O specifies that
the correspondi ng AC transform coefficient |evel has a positive
val ue. sign_ac_coeff equal to 1 specifies that the corresponding
AC transform coefficient |evel has a negative val ue.

The array ScanOrder[sPos] specifies the napping of the zig-zag scan
position sPos, ranging fromO to (1 << |og2Bl kWdth) * (1 <<
| og2Bl kHei ght) - 1, inclusive, to a raster scan position rPos.
ScanOrder is derived by invoking Section 4.4.1 with input paraneters
bl kWdth equal to (1 << |og2Bl kWdth) and bl kHei ght equal to (1 <<
| 0g2BIl kHei ght).
5.3.17. Byte alignment
synt ax code | type
byte_al i gnnment (){ |
whi l e(! byte_aligned()) |
alignment _bit_equal _to_zero | (1)
I
Figure 24: byte_alignnment() syntax code
* alignment_bit _equal _to_zero
MJST be equal to O.
6. Decodi ng process
This process is invoked to obtain a decoded frame froma bitstream
Input to this process is a bitstreamof a coded frame. CQutput of
this process is a decoded frane.

The decodi ng process operates as follows for the current frane:

* The syntax structure for a coded frame is parsed to obtain the
parsed syntax structures.

* The processes in Section 6.1, Section 6.2 and Section 6.3 specify
the decodi ng processes using syntax elenents in all syntax
structures. It is the requirenent of bitstream confornmance that
the coded tiles of the frane MJUST contain tile data for every MB
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of the frame, such that the division of the frane into tiles and
the division of the tiles into MBs each forms a partitioning of
the frane.

* After all the tiles in the current frane have been decoded, the
decoded frame is cropped using the cropping rectangle if
FrameW dt hl nSanpl esY is not equal to FrameW dt hl nMbY * MoWdth or
FrameHei ght I nSanpl esY is not equal to FraneHei ghtlnhbsY *

MoHei ght .

* The cropping rectangle, which specifies the sanples of a frane
that are output, is derived as foll ows.

- The cropping rectangle contains the luma sanples with
hori zontal frame coordinates fromO to FrameWdthl nSanmpleY - 1
and vertical frame coordinates fromO to FrameHei ghtl nSanpl esY
- 1, inclusive.

- The cropping rectangl e contains the two chroma arrays having
frame coordinates (x//SubWdthC, y//SubHeightC), where (X,Y)
are the frane coordinates of the specified | uma sanpl es.

6.1. MB decodi ng process
This process is invoked for each MB

Input to this process is a luma | ocation (xM), yM) specifying the
top-left sanple of the current luma MB relative to the top left lum
sanple of the current frane. Qutputs of this process are the
reconstructed sanmples of all the NunConps col or conponents (when
chorma_format _idc is equal to 2 or 3, Y, Cb, and Cr) for the current
VB.

The foll owi ng steps applies:

* Let recSanpl es[0] be a (MoWdth)x(MHei ght) array of the
reconstructed sanmples of the first col or conponent (when
chroma_format _idc is equal to 2 or 3, V)

* The bl ock reconstruction process as specified in Section 6.2 is
i nvoked with the luma |ocation (xMd), yM), the variable nBl kWset
equal to MoWdth, the variable nBl kH set equal to MHei ght, the
variable cldx set equal to 0, and the (MW dth)x(MHeight) array
recSanpl es[0] as inputs, the output is a nodified version of the
(MW dt h) x( MoHei ght) array resSanpl es[0], which is the
reconstructed sanples of the first color conponent for the current
VB
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6.

2.

When chroma_format _idc is not equal to O, Let recSanmples[1l] be a
(MW dt hC) x( MoHei ght C) array of the reconstructed sanples of the
second col or component (when chroma_format_idc is equal to 2 or 3,
Ch) .

When chroma_format _idc is not equal to O, The bl ock reconstruction
process as specified in Section 6.2 is invoked with the |uma

| ocation (xMy, yMi)), the variable nBl kWset equal to MoWdthC, the
vari abl e nBl kH set equal to MiHeightC, the variable cldx set equal
to 1, and the (MW dthC) x(MHei ghtC) array recSanpl es[1] as

i nputs, the output is a nodified version of the

(MW dt hC) x( MoHei ght C) array recSanples[1], which is the
reconstructed sanples of the second col or conponent for the
current MB.

When chroma_format _idc is not equal to O, Let recSanples[2] be a
(MoW dt hC) x( MoHei ght C) array of the reconstructed sanples of the
third col or conponent (when chroma _fornmat _idc is equal to 2 or 3,
Cr).

VWhen chroma_format _idc is not equal to O, The bl ock reconstruction
process as specified in Section 6.2 is invoked with the |um

| ocation (xMy, yMdy), the variable nBl kWset equal to MoWdthC, the
vari abl e nBl kH set equal to MHeightC, the variable cldx set equal
to 2, and the (MW dthC) x(MiHei ght C) array recSanpl es[ 2] as

i nputs, the output is a nodified version of the

(MW dt hC) x( MoHei ght C) array recSanpl es[2], which is the
reconstructed sanples of the third col or conponent for the current
IVB.

When chroma_format _idc is equal to 4, let recSanples[3] be a
(MW dt hC) x( MoHei ght C) array of the reconstructed sanples of the
fourth col or conponent.

When chroma_format _idc is equal to 4, the bl ock reconstruction
process as specified in Section 6.2 is invoked with the |unma

| ocation (xMy, yMi)), the variable nBl kWset equal to MoWdthC, the
vari abl e nBl kH set equal to MHeightC, the variable cldx set equal
to 3, and the (MW dthC) x(MHei ghtC) array recSanpl es[ 3] as
inputs, the output is a nodified version of the

(MW dt hC) x( MoHei ght C) array recSanpl es[ 3], which is the
reconstructed sanmples of the fourth col or component for the
current MB.

Bl ock reconstruction process

Inputs to this process are:
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6

a luma | ocation (xM), yMi)) specifying the top-left sanple of the
current MB relative to the top left luma sanple of the current
frane,

two variabl es nBl kWand nBl kH speci fying the width and the hei ght
of the current bl ock,

a variable cldx specifying the col or conmponent of the current
bl ock, and

an (nBl kWx(nBl kH) array recSanpl es of reconstructed bl ock

Qutput of this process is a nodified version of the (nBl kWx(nBl kH)
array recSanpl es of reconstructed sanpl es.

The foll owi ng appli es:

*

*

The vari abl es nunBl kX and nunBl kY are derived as foll ows:

o nunBl kX nBl kW// TrSize

o nunBl kY nBlkH // TrSize

For yldx = 0..nunBl kY - 1, the follow ng applies:

o For xldx = 0..nunBl kX - 1, the follow ng applies:

The variables xBl k and yBl k are derived as foll ows:

3.

o xBlk =xM // (cldx==0? 1: SubWdthC) + xldx*TrSize

o yBlk yMd // (cldx==0? 1: SubHeightC) + yldx*TrSize

The scaling and transformati on process as specified in Section 6.3
is invoked with the location (xBlk, yBl k), the variable cldx set
equal to cldx, the transformw dth nBl kWset equal to TrSize and
the transform hei ght nBl kH set equal to TrSize as inputs, and the
output is a (TrSize)x(TrSize) array r of reconstructed bl ock

The (TrSize)x(TrSize) array recSanples is nodified as follows:

recSamples[(xldx * TrSize) + i, (yldx * TrSize) +j] =r[i,j],
with i=0..TrSize-1, j=0..TrSize-1

Scal ing and transformation process

Inputs to this process are:
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a location (xBl kY, yBlkY) of the current col or conmponent
specifying the top-left sanple of the current block relative to
the top-left sanple of the current frame,

a variable cldx specifying the col or conponent of the current
bl ock,

a variable nBl kWspecifying the width of the current bl ock, and

a variable nBl kH specifying the height of the current block

Qut put of this process is the (nBl kWx(nBl kH) array of reconstructed
sanples r with elenents r[x][y].

The quanti zation paranmeter qP is derived as foll ows:

gP = Q[cldx] + QBdOfset

The (nBl KWx(nBI kH) array of reconstructed sanples r is derived as
fol | ows:

*

The scaling process for transformcoefficients as specified in
Section 6.3.1 is invoked with the block |ocation (xBlIkY, yBlkY),
the bl ock width nBl kWand the bl ock hei ght nBl kH, the col or
component variable cldx, and the quantization paraneter gP as

i nputs, and the output is an (nBl kWx(nBl kH) array of scal ed
transform coefficients d.

The transformati on process for scaled transformcoefficients as
specified in Section 6.3.2 is invoked with the block |ocation

(xBl kY, yBlkY), the block width nBl kWand the bl ock hei ght nBlI kH
the col or conmponent variable cldx, and the (nBl kWx(nBl kH) array
of scaled transformcoefficients d as inputs, and the output is an
(nBl kW x(nBl kH) array of reconstructed sanples r.

The variable bdShift is derived as foll ows:
bdShift = 20 - BitDepth

The reconstructed sanple values r[x]J[y] with x = 0..nBIkW- 1, y =
0..nBlkH - 1 are nodified as foll ows:

rix][yl = clip(0, (1 << BitDepth)-1, ((r[x][y]+(1 << (bdShift-
1)))>>bdShift) + (1 << (BitDepth-1)))

Lim et al. Expires 12 March 2026 [ Page 42]



I nternet-Draft APV Sept enber 2025

6.3.1. Scaling process for transform coefficients

Inputs to this process are:

* a location (xBlkY, yBlkY) of the current col or conponent
specifying the top-left sanple of the current block relative to
the top-left sanple of the current frame,

* a variable nBl kWspecifying the width of the current bl ock,

* a variable nBl kH speci fying the height of the current bl ock,

* a variable cldx specifying the col or conmponent of the current
bl ock, and

* a variable gP specifying the quantization paraneter.

Qut put of this process is the (nBlkWx(nBlkH) array d of scal ed
transformcoefficients with elements d[x][y].

The variable bdShift is derived as foll ows:

bdshift = BitDepth + ((log2(nBl kW + log2(nBlkH)) // 2) - 5
The list level Scale[] is specified as foll ows:

| evel Scal e[k] = {40, 45, 51, 57, 64, 71} with k = 0..5.

For the derivation of the scaled transformcoefficients d[x][y] with
X =0..nBIkKkW- 1, yv = 0..nBlkH - 1, the follow ng applies:

* The scaled transformcoefficient d[x][y] is derived as foll ows:
d[x][y] = clip(-32768, 32767, ((TransCoeff[cldx][xBlkY][yBlkY]
* Qvatrix[cldx][x][y] * level Scale[gP % 6] << (gP//6)) + (1 <<
(bdShift-1)) >> bdShift))
6.3.2. Process for scaled transform coefficients
6.3.2.1. GCenera
Inputs to this process are:
* a location (xBlIkY, yBlkY) of the current col or component
specifying the top-left sanple of the current block relative to

the top-left sanple of the current frane,

* a variable nBl kWspecifying the width of the current bl ock,

Lim et al. Expires 12 March 2026 [ Page 43]



I nternet-Draft APV Sept enber 2025

*

*

a variabl e nBl kH specifying the height of the current block, and

an (nBl kWx(nBl kH) array d of scaled transformcoefficients with
el ements d[x][y].

Qut put of this process is the (nBlkWx(nBlkH) array r of
reconstructed sanples with elements r[x][y].

The (nBl kWx(nBl kH) array r of reconstructed sanples is derived as
fol | ows:

*

Each (vertical) colum of scaled transformcoefficients d[x][y]
with x = 0..nBIkW- 1, vy = 0..nBlkH - 1 is transfornmed to e[x][Yy]
with x = 0..nBlkW- 1, y = 0..nBlkH - 1 by invoking the one-

di mensi onal transformati on process as specified in Section 6.3.2.2
for each colum x = 0..nBIkW- 1 with the size of the transform

bl ock nBlkH, and the list d[x][y] with y = 0..nBlkH - 1 as inputs,
and the output is the list e[x][y] with y = 0..nBl kH - 1.

The foll owi ng applies:

alx]lyl = (e[x][y] + 64) >>7

Each (horizontal) row of the resulting array g[x][y] with x =
0..nBIkW- 1, v = 0..nBlkH - 1 is transforned to r[x]J[y] with x =
0..nBIkW- 1, y = 0..nBlkH - 1 by invoking the one-di nensi onal
transformati on process as specified in Section 6.3.2.2 for each
rowy = 0..nBIkH - 1 with the size of the transform bl ock nBl kW
and the list g[x][y] with x = 0..nBlkW- 1 as inputs, and the
output is the list r[x][y] with x = 0..nBl kW- 1.

6.3.2.2. Transformati on process

Inputs to this process are:

*

a variable nTbS specifying the sanple size of scaled transform
coefficients, and

a list of scaled transformcoefficients x with elenments x[j], with
j = 0..(nThS - 1).

Qutput of this process is the list of transforned samples y with
elements y[i], with i = 0..(nThS - 1).

The transformati on matri x derivation process as specified in
Section 6.3.2.3. invoked with the transform size nThS as i nput,
and the transformation matrix transhMatri x as out put.
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* The list of transformed sanples y[i] with i = 0..(nThS - 1) is
derived as foll ows:
y[i] = sum(j =0, nTbS - 1, transMatrix[i][j] * x[j])
6.3.2.3. Transformation matri x derivation process

Input to this process is a variable nTbS specifying the horizonta
sampl e size of scaled transform coefficients.

Qut put of this process is the transformation matrix transMatri x.

The transformation matrix transMatrix i s derived based on nTbs as
f ol | ows:

* |f nTbS is equal to 8, the foll owi ng applies:

transMatrix[m[n] =

{
{ 64, 64, 64, 64, 64, 64, 64, 64}
{ 89, 75 50, 18, -18, -50, -75, -89 }
{ 84, 35 -35 -84, -84, -35 35 84}
{ 75, -18, -89, -50, 50, 89, 18, -75 }
{ 64, -64, -64, 64, 64, -64, -64, 64}
{ 50, -89, 18, 75, -75, -18, 89, -50 }
{ 35 -84, 84, -35 -35 84, -84, 35}
{ 18, -50, 75, -89, 89, -75 50, -18 }

}

Fi gure 25: Transformmatrix for nThS ==
7. Parsing process
7.1. Process for syntax el enent type h(v)

This process is invoked for the parsing of syntax elenents with
descriptor h(v) in Section 5.3.15 and Section 5.3.16

7.1.1. Process for abs_dc_coeff _diff
Inputs to this process are bits for the abs _dc_coeff diff syntax
element. CQutput of this process is a value of the abs_dc_coeff _diff
syntax element. The variable kParamis derived as foll ows:

kParam = clip(0, 5 PrevDcD ff >> 1)
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The val ue of syntax el ement abs_dc_coeff _diff is obtained by invoking
the parsing process for variable |l ength codes as specified in
Section 7.1.4 with kParam

7.1.2. Process for coeff_zero_run

Inputs to this process are bits for the coeff_zero_run syntax
el enment .

Qut put of this process is a value of the coeff_zero run syntax
el ement .

The vari abl e kParamis derived as foll ows:

kParam = clip(0, 2, PrevRun >> 2)
The val ue of syntax el enment coeff _zero run is obtained by invoking
the parsing process for variable |l ength codes as specified in
Section 7.1.4 with kParam

7.1.3. Process for abs_ac_coeff_m nusl

Inputs to this process are bits for the abs_ac_coeff _m nusl syntax
el enent .

Qut put of this process is a value of the abs_ac_coeff_m nusl syntax
el ement .

The variable kParamis derived as follows:
kParam = clip(0, 4, PrevLevel >> 2)
The val ue of syntax el ement abs_ac_coeff_m nusl is obtained by
i nvoki ng the parsing process for variable |Iength codes as specified
in Section 7.1.4 with kParam
7.1.4. Process for variable |Iength codes
Input to this process is kParam

Qut put of this process is a value, synbol Val ue, of a syntax el enent.

The synbol Val ue is derived as foll ows:
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synmbol Value = 0
par seExpCGol onb = 1
k = kPar am
stopLoop =

if(read_bits(1) == 1){
par seExpGol onb = 0

el se{
if(read_bits (1) == 0){
synbol Val ue += (1 << k)
par seExpCGol onb = 0

el se{
synbol Val ue += (2 << k)
par seExpGol onb = 1

}
i f(parseExpCGol onb) {
do{
if(read_bits(1l) == 1){
stopLoop =
el se{
symbol Val ue += (1 << k)
k++

}

} whil e(!stopLoop)
if(k > 0)

synbol Val ue += read_bits(k)

Fi gure 26: Parsing process of synbol Val ue

where the value returned fromread_bits(n) is interpreted as a binary
representation of a n-bit unsigned integer with nost significant bit
witten first.

7.2. Codeword generation process for h(v) (infornmative)

Thi s process specifies the code generation process for syntax
el ements with descriptor h(v).

Lim et al. Expires 12 March 2026 [ Page 47]



I nternet-Draft APV Sept enber 2025

7.2.1. Process for abs_dc_coeff _diff

Input to this process is a synbol value of the abs_dc_coeff_diff
syntax el enent.

Qut put of this process is a codeword of the abs dc_coeff _diff syntax
el enent .

The vari abl e kParamis derived as foll ows:

kParam = clip(0, 5, PrevDcD ff >> 1)
The codeword of syntax el ement abs_dc_coeff _diff is obtained by
i nvoki ng the generation process for variable |length codes as
specified in Section 7.2.4 with the synbol val ue synbol Val ue and
kPar am

7.2.2. Process for coeff_zero_run

Input to this process is a synbol value of the coeff_zero_run syntax
el ement .

Qut put of this process is a codeword of the coeff _zero_run syntax
el enent .

The vari abl e kParamis derived as foll ows:

kParam = clip(0, 2, PrevRun >> 2)
The codeword of syntax el enent coeff_zero_run is obtained by invoking
the generation process for variable length codes as specified in
Section 7.2.4 with the synbol val ue synbol Val ue and kPar am

7.2.3. Process for abs_ac_coeff_m nusl

Input to this process is a synbol value of the abs ac coeff_minusl
syntax el ement.

Qut put of this process is a codeword of the abs_ac_coeff_m nusl
syntax el enent.

The vari abl e kParamis derived as foll ows:
kParam = clip(0, 4, PrevLevel >> 2)
The codeword of syntax el enent abs_ac_coeff _minusl is obtai ned by

i nvoki ng the generation for variable | ength codes as specified in
Section 7.2.4 with the synbol val ue synbol Val ue and kParam
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8.
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1.

4. Process for variable | ength codes

Inputs to this process are synbol Val and kPar am

Qut put of this process is a codeword of a syntax el enent.

The codeword is derived as foll ows:
Prefi xVLCTabl e[ 3][2] = {{1, 0}, {0, 0}, {0, 1}}

synbol Val ue = synbol Val

val PrefixVLC = clip(0, 2, synbol Val >> kParam
bitCount =0

k = kParam

whi | e(synbol Val ue >= (1 << k)){
synbol Val ue -= (1 << k)
i f(bitCount < 2)
put _bits(PrefixVLCTabl e[ val PrefixVLC][bitCount], 1)
el se
put _bits(0, 1)
i f(bitCount >= 2)
k++
bi t Count ++

}

i f(bitCount < 2)

put bits(PrefixVLCTabl e[ val PrefixVLC][bitCount], 1)
el se

put _bits(1, 1)

if(k > 0)
put _bits(synbol Val ue, k)

Figure 27: Generating bits from synbol Val ue

where a codeword generated fromput _bits(v, n) is interpreted as a
bi nary representation of an n-bit unsigned integer value v w th nost

significant bit witten first.
Met adat a i nformati on

Met adat a payl oad
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synt ax code | type
met adat a_payl oad( payl oadType, payl oadSi ze) {
i f(payl oadType == 4)({
metadata_itu_t t35(payl oadSi ze)

}
el se if(payl oadType == 5){
met adat a_ndcv( payl oadSi ze)

}
el se if(payl oadType == 6){
nmet adat a_cl | (payl oadSi ze)

}
el se if(payl oadType == 10){
met adata_fill er(payl oadSi ze)

}
el se if(payl oadType == 170){
met adat a_user _defi ned( payl oadSi ze)

el se{
met adat a_undef i ned( payl oadSi ze)

byte_al i gnnent ()

Fi gure 28: metadata_payl oad() syntax code
8.2. List of netadata syntax and semantics
8.2.1. Filler metadata

syntax code | type

met adata_fill er(payl oadSi ze) {
for(i = 0; i < payloadSize; i++){
ff_byte
}

}
* ff _byte

—
~~~
(o]
N

is a byte equal to OxFF.
8.2.2. Recommendation ITU- T T.35 netadata

This nmetadata contains information registered as specified in
[1TUT-T35].
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synt ax code | type

metadata_itu_t_t35(payl oadSi ze) {

|
itu t t35 country_ code | b(8)
readSi ze = payl oadSize - 1 |
I
if(itu_t_t35 country_code == OxFF){ |
itu_t _t35 country_code_extension | b(8)
readSi ze- - |
| |
for(i = 0; i < readSize; i++){ |
itu_t _t35 payload[i] | b(8)
} I
|

Figure 29: nmetadata_ itu_t t35() syntax code
* jtu_t_t35 country_code

MJST be a byte having the semantics of country code as specified
in Annex A of [ITUT-T35].

* jtu_t t35 country_ code_extension

MJUST be a byte having the semantics of country code as specified
in Annex B of [ITUT-T35].

* jtu_t t35 payload[i]

MJUST be a byte having the semantics of data registered as
specified in [ITUT-T35].

The term nal provider code and term nal provider oriented code as
specified in [ITUT-T35] MJUST be contained in the first one or nore
bytes of the itu t t35 payload. Any remaining bytes in
itu_t_t35 payl oad data MJST be data having syntax and semantics as
specified by the entity identified by the [ITUT-T35] country code and
term nal provider code. Note that the registration of any netadata
to be carried with this type of payl oad nust be registered through
either national adm nistrator, Alliance for Tel econmuncati ons
Industry Solutions (ATIS) or | TUT-T Tel ecommuni cation

St andar di zati on Bureau (TSB) as specified in [ITUT-T35].

8.2.3. Mastering display col or volume netadata
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synt ax code | type

met adat a_ndcv( payl oadSi ze) {
for(i = 0; i < 3; i++){

}
primary_chromaticity_x[i] | u(16)
primary_chromaticity y[i] | u(16)

} I
white_point_chromaticity_x | u(16)
white_point_chromaticity_y | u(16)
max_mast eri ng | um nance | u(32)
m n_mast ering | unm nance | u(32)

I

Fi gure 30: netadata_ndcv() syntax code

* primary_chromaticity x[i]
specifies a 0.16 fixed-point format of X chromaticity coordinate
of mastering display as defined by ClE 1931, where i =0, 1, 2
specifies Red, Green, Blue respectively.

* primary_chromaticity y[i]
specifies a 0.16 fixed-point format of Y chromaticity coordinate
of mastering display as defined by ClE 1931, where i =0, 1, 2
specifies Red, Green, Blue respectively.

* white point_chromaticity x

specifies a 0.16 fixed-point format of white point X chromaticity
coordi nate of nmastering display as defined by ClE 1931

* white_point_chromaticity_y

specifies a 0.16 fixed-point format of white point Y chromaticity
coordi nate as nastering display defined by ClE 1931

* max_mastering_l uni nance

is a 24.8 fixed-point format of maxi num di splay mastering
| um nance, represented in candel as per square neter.

* mn_mastering_|l uni nance

is a 18.14 fixed-point format of m ni mum di splay nastering
| um nance, represented in candel as per square neter.
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8.

8.

2

4.

Content light level information netadata

synt ax code | type

met adat a_cl | (payl oadSi ze) {

}

2

5

I
max_cl | | u(16)
max_fal | | u(16)
I
Figure 31: nmetadata_cll () syntax code
max_cl |

speci fies the maxi mum content |ight |evel information as specified
in [ CEA-861. 3], Appendix A

max_f al

specifies the maxi num frame-average light |evel information as
specified in [ CEA-861. 3], Appendix A

User defined netadata

This netadata has user data identified by a universal unique
identifier as specifies in [1SOL1578], the contents of which are not
specified in this docunent.

synt ax code | type

met adat a_user _defi ned( payl oadSi ze) {

uui d u(128)
user _defi ned_dat a_payl oad[i ] b(8)

|
for(i = 0; i < (payloadSize - 16); i++) |
|
I

Fi gure 32: metadata_user defined() syntax code
uui d

MUST be a 128-hbit value specified as a generated UU D according to
the procedures of [1SOL1578] Annex A

user _defi ned_dat a_payl oad[i ]

MJST be a byte having user defined syntax and semantics as
specified by the UU D generator
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9

9

2.6. Undefined netadata
syntax code | type

met adat a_undefi ned( payl oadSi ze) { |

for(i = 0; i < payloadSize; i++){ |
undef i ned_net adat a_payl oad_byte[i] | b(8)

} I

|

}

Fi gure 33: netadata_undefined() syntax code
* undefined_net adat a_payl oad_byte[i]
is a byte reserved for future case.
Profiles, levels, and bands
1. Overview of profiles, levels, and bands

Profiles, levels and bands specify restrictions on a coded frane and
hence limts on the capabilities needed to decode the coded frane.
Profiles, levels and bands are also used to indicate interoperability
poi nts between individual decoder inplenentations.

Each profile specifies a subset of algorithmc features and limts
that MJUST be supported by all decoders conforming to that profile.

NOTE: This docunent does not include individually sel ectable
"options" at the decoder, as this would increase interoperability
difficulties.

NOTE: Encoders are not required to nmake use of any particul ar
subset of features supported in a profile.

Each level with a band specifies a set of linmts on the val ues that
may be taken by the syntax elenents of this docunment. For any given
profile, a level with a band generally corresponds to a particul ar
decoder processing | oad and menory capability. The constraints set
by |l evels and bands are orthogonal to the constraints defined by
profiles so that the sane set of |evel and band definitions is used
with all profiles. For exanple, a certain level L and a certain band
B can be conbined with either profile X or profile Y to specifically
different set of constraints.

NOTE: | ndividual inplenentations may support a different level for
each supported profile.
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Requi rements on vi deo decoder capability

Capabilities of video decoders conformng to this docunent are
specified in terns of the ability to decode video streans conform ng
to the constraints of profiles, |evels and bands specified in this
section. Wen expressing the capabilities of a decoder for a
specified profile, the level and the band supported for that profile
MJST al so be expressed.

Specific values are specified in this section for the syntax el enents
profile_idc, level _idc and band_idc. Al other val ues of
profile_idc, level _idc and band_idc are reserved for future use.

NOTE: Decoders SHALL NOT infer that a reserved val ue of
profile_idc between the values specified in this docunent

i ndicates internediate capabilities between the specified
profiles, as there are no restrictions on the nethod to be chosen
for the use of such future reserved values. However, decoders
MUST infer that a reserved value of |level _idc and a reserved val ue
of band_i dc between the values specified in this docunent

i ndicates internediate capabilities between the specified |evels.

Profiles
1. Cenera
Al'l constraints for a coded franme that are specified are constraints
for the coded franme that are activated when the bitstream of the
access unit is decoded.

2. 422-10 profile

Conf ormance of a coded frame to the 422-10 profile is indicated by
profile_idc equal to 33.

Coded franmes conforming to the 422-10 profile MJST obey the follow ng
constraints:

* chroma_format _i dc MUST be equal to 2
* bit_depth_mi nus8 MJST be equal to 2

*  pbu_type MJST be equal to 1
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3.

3.

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 422-10 profile at a specific
|l evel (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capabl e of decoding all
coded franes for which all of the follow ng conditions apply:

* The coded frane is indicated to conformto the 422-10 profile.

* The coded frane is indicated to conformto a |l evel (by a specific
val ue of level _idc) that is lower than or equal to |evel L.

* The coded franme is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to level B

3. 422-12 profile

Conf ormance of a coded frame to the 422-12 profile is indicated by
profile_idc equal to 44.

Coded frames conforming to the 422-12 profile MJST obey the foll ow ng
constraints:

* chroma_format _idc MJUST be equal to 2

* bit_depth_m nus8 MJST be in the range of 2 to 4.

*  pbu_type MJIST be equal to 1

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 422-12 profile at a specific

| evel (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capabl e of decoding all
coded franes for which all of the follow ng conditions apply:

* The coded franme is indicated to conformto the 422-12 profile or
the 422-10 profile.

* The coded frane is indicated to conformto a |l evel (by a specific
val ue of level idc) that is |lower than or equal to |evel L.

* The coded frane is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to level B

4. 444-10 profile

Conf ormance of a coded frame to the 444-10 profile is indicated by
profile_idc equal to 55.
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Coded franmes conforming to the 444-10 profile MJST obey the follow ng
constraints

* chroma_format _idc MJUST be in the range of 2 to 3.

* bit_depth_minus8 MJST be equal to 2

*  pbu_type MJIST be equal to 1

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 444-10 profile at a specific
level (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capable of decoding all

coded franes for which all of the follow ng conditions apply:

* The coded franme is indicated to conformto the 444-10 profile or
the 422-10 profile.

* The coded frane is indicated to conformto a |l evel (by a specific
val ue of level idc) that is |lower than or equal to |evel L.

* The coded frane is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to |evel B

9.3.5. 444-12 profile

Conf ormance of a coded frame to the 444-12 profile is indicated by
profile_idc equal to 66.

Coded franmes conforming to the 444-12 profile MJST obey the follow ng
constraints:

* chroma_format _idc MJST be in the range of 2 to 3.

* bit_depth_minus8 MJST be in the range of 2 to 4.

*  pbu_type MJST be equal to 1

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 444-12 profile at a specific

| evel (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capable of decoding all
coded frames for which all of the follow ng conditions apply:

* The coded frane is indicated to conformto the 444-12 profile, the
444-10 profile, the 422-12 profile, or the 422-10 profile.
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* The coded frane is indicated to conformto a |l evel (by a specific
val ue of level idc) that is |lower than or equal to |evel L.

* The coded frane is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to |evel B

6. 4444-10 profile

Conf ormance of a coded frame to the 4444-10 profile is indicated by
profile_idc equal to 77.

Coded franmes conforming to the 4444-10 profile MJST obey the
foll owi ng constraints:

* chroma_format _idc MJST be in the range of 2 to 4.

* bit_depth_m nus8 MJST be equal to 2

*  pbu_type MJST be equal to 1

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 4444-10 profile at a specific
| evel (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capable of decoding all
coded frames for which all of the follow ng conditions apply:

* The coded frane is indicated to conformto the 4444-10 profile,
the 444-10 profile or the 422-10 profile.

* The coded franme is indicated to conformto a |evel (by a specific
val ue of level _idc) that is |lower than or equal to |evel L.

* The coded frane is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to level B

7. 4444-12 profile

Conf ormance of a coded frame to the 4444-12 profile is indicated by
profile_idc equal to 88.

Coded franes conforming to the 4444-12 profile MJST obey the
follow ng constraints:

* chroma_format _idc MUST be in the range of 2 to 4.
* bit_depth_mnus8 MJST be in the range of 2 to 4.

*  pbu_type MJIST be equal to 1

Lim et al. Expires 12 March 2026 [ Page 58]



I nternet-Draft APV Sept enber 2025

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 4444-12 profile at a specific
|l evel (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capabl e of decoding all
coded franes for which all of the follow ng conditions apply:

* The coded frane is indicated to conformto the 4444-12 profile,
the 4444-10 profile, the 444-12 profile, the 444-10 profile, the
422-12 profile or the 422-10 profile.

* The coded frane is indicated to conformto a |evel (by a specific
val ue of level _idc) that is lower than or equal to |evel L.

* The coded frane is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to level B

9.3.8. 400-10 profile

9

Conf ormance of a coded frame to the 400-10 profile is indicated by
profile_idc equal to 99.

Coded franes conformng to the 400-10 profile MJST obey the foll ow ng
constraints:

* chroma_format _i dc MUST be equal to O.

* bit_depth_m nus8 MJST be equal to 2

*  pbu_type MJIST be equal to 1

Any | evel s and bands constraints specified in Section 9.4 MJST be
fulfilled. Decoders conformng to the 400-10 profile at a specific
|l evel (identified by a specific value of L) and a specific band
(identified by a specific value of B) MJST be capabl e of decoding all
coded franes for which all of the follow ng conditions apply:

* The coded frane is indicated to conformto the 400-10 profile.

* The coded frane is indicated to conformto a |l evel (by a specific
val ue of level _idc) that is |lower than or equal to |evel L.

* The coded franme is indicated to conformto a band (by a specific
val ue of band_idc) that is lower than or equal to level B

4, Level s and bands

Lim et al. Expires 12 March 2026 [ Page 59]



I nternet-Draft APV Sept enber 2025

9.4.1. Cenera
For purposes of conparison of |evel capabilities, a particular |eve
of each band is considered to be a | ower |evel than sone other |eve
when the value of the level _idc of the particular |evel of each band
is less than that of the other |evel

* The luma sanple rate (luma sanpl es per second) MJST be | ess than
or equal to "Max luma sanple rate".

* The coded data rate (bits per second) MJST be | ess than or equa
to "Max |uma sanple rate".

* The value of tile_wi dth_in_mbs MIST be greater than or equal to
16.

* The value of tile_height_in_nbs MIUST be greater than or equal to
8.

* The value of TileCols MJST be |l ess than or equal to 20.
* The value of TileRows MJIST be | ess than or equal to 20.
9.4.2. Linmits of |levels and bands
Table 4 specifies the limts for each | evel of each band. A level to
which a coded frame conforns is indicated by the syntax el ements

| evel idc and band_idc as follows:

* level _idc MIST be set equal to a value of 30 tines the leve
nunber specified in Table 4.
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[ el ooy oo e oo oo s e e e
| Ievel | Max |uma| Max coded| Max coded| Max coded| Max coded|
| | sample rate|] data rate| data rate|] data rate| data rate|
| | (sanple/sec)|(Mits/sec)|(Mits/sec)|(Mits/sec)|(Mits/sec)|
| | | band_i dc==0| band_i dc==1| band_i dc==2| band_i dc==3|
[ b oo oo s e e e e e s e gl
|1 | 3, 041, 280| 8| 11 15] 23

+----- I i I R R R R +
[1.1 | 6, 082, 560| 16| 21| 30| 45

+----- F-- - - - - - F-- - - - F-- - - - F-- - - - F-- - - - +
| 2 | 15, 667, 200| 39| 54| 76| 114

+----- I I I I I +
[2.1 | 31, 334, 400| 78| 108| 152] 227

+----- I i I R R R R +
| 3 | 66, 846, 720| 114| 159| 222| 333

+----- F-- - - - - - F-- - - - F-- - - - F-- - - - F-- - - - +
3.1 | 133,693, 440| 227| 317| 444 666

+----- I I I I I +
| 4 | 265, 420, 800| 455| 637 892| 1, 338
+----- I i I R R R R +
|4.1 | 530,841, 600| 910| 1, 274| 1, 784| 2,675

+----- F-- - - - - - F-- - - - F-- - - - F-- - - - F-- - - - +
|5 | 1,061, 683, 200| 1, 820| 2, 548| 3, 567| 5, 350|
+----- I I I I I +
|5.1 | 2,123, 366, 400| 3, 639| 5, 095] 7, 133 10, 699|
+----- I i I R R R R +
| 6 | 4,777,574, 400| 7, 278| 10, 189| 14, 265| 21, 397

+----- F-- - - - - - F-- - - - F-- - - - F-- - - - F-- - - - +
|6.1 | 8,493,465, 600| 14, 556| 20, 378| 28, 529 42, 793|
+----- I I I I I +
| 7 | 16, 986, 931, 200| 29, 111 40, 756]| 57, 058| 85, 586|
+----- I i I R R R R +
| 7.1 | 33,973,862, 400| 58, 222| 81, 511| 114, 115| 171, 172

+----- F-- - - - - - F-- - - - F-- - - - F-- - - - F-- - - - +

Table 4: General level linmts

Table 5 shows wi dely used typical configurations of resolution and
frane rate of video and corresponding | evels for them
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10.

[ oo oo ool s oo ooy sl sl e et
| use case | resolution | frame per second | luma sanple | |evel

| | | | per second | |
[ Rty e e ety e el el
|  720p | 1280 x 720 | 30 | 27,648,000 | 2.1 |
R I R I I I I I T +------- +
| FHD | 1920 x | 30 | 62, 208, 000 | 3 |
I I 1080 I I I I
F--- - - R I R i S I +------- +
| UHD 4K | 3840 x | 60 | 497,664,000 | 4.1 |
I I 2160 I I I I
R I R I I I I I T +------- +
| UHD 4K | 3840 x | 120 | 995,328,000 | 5 |
I I 2160 I I I I
F--- - - R I R i S I +------- +
| UHD 8K | 7680 x | 60 | 1,990,656,000 | 5.1 |
I I 4320 I I I I
R I R I I I I I T +------- +
| UMD 8K | 7680 x | 120 | 3,981,312,000 | 6 |
I I 4320 I I I I
F--- - - R I R i S I +------- +

Tabl e 5: Exanple of typical video configurations and
correspondi ng | evels (infornmative)

Security considerations

APV decoder MJST take appropriate security considerations into
account .

Li ke any other audio or video codec, APV should not be used with

i nsecure ciphers or cipher nodes that are vulnerable to known

pl ai ntext attacks. Sone of the header bits as well as the paddi ng
are easily predictable.

I mpl enent ati ons of the APV codec need to take appropriate security
considerations into account. Those related to denial of service are
outlined in Section 2.1 of [RFC4732]. A decoder MJST be robust

agai nst any non-conpliant or malicious payl oads. Malicious payl oads
MUST NOT cause the decoder to overrun its allocated nenory or to take
an excessive anount of resources to decode. An overrun in allocated
menory could lead to arbitrary code execution by an attacker. The
same applies to the encoder, even though problens in encoders are
typically rarer. WMalicious video streanms MJUST NOT cause the encoder
to m sbehave because this would allow an attacker to attack
transcodi ng gateways. A frequent security problemin i mage and vi deo
codecs is failure to check for integer overflows. An exanple is
allocating "frame_width * frame_height" in pixel count conputations
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wi t hout considering that the nultiplication result may have
overflowed the range of the arithmetic type. The inplenmentati on MJST
ensure that no read outside allocated and initialized menory occurs.

A decoder MUST NOT try to process the netadata whose type is not
recogni zed by the inplenentation. Failure of processing of any

met adat a exactly according to the syntax structure specificed MAY put
a decoder in unknown st at us.

None of the content carried in APV is intended to be executabl e.
I ANA consi derations
Thi s docunment has no actions for | ANA
Appendi x
1. Raw bitstream format
synt ax code | type
raw _bitstream access_unit(){ |
au_si ze | u(32)
access_unit(au_size) |
I
Figure 34: raw bitstream access_unit() syntax code
* o au_size

i ndi cates the size of access unit in bytes. 0 is prohibited and
OXFFFFFFFF i s reserved.

2. APV inplenentations
2.1. OpenAPV open source project

The Acadeny Software Foundati on (ASW) [ASW] jointly found by
Acadeny of Mdtion Picture Arts and Sci ence (AMPAS) [ AMPAS] and the

Li nux Foundation has created an open source software devel opnent
project conformant to this docunent [ OpenAPV]. The project also
provi des various test vectors for verification of the inplenentations
at

https://github. com AcadenySof t war eFoundat i on/ openapv/tree/ main/test/
bi t stream
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2.2. Android open source project

The Android open source project (AOSP) has inpl enented Advanced
Pr of essi onal Video (APV) conformant to this docunent [AGCSP16APV].

2.3. FFnpeg open source project

The FFnpeg project is devel opi ng APV decoder [ FFnpegAPVdec] and APV
encdoer [ FFnpegAPVenc] conformant to this docunent.
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