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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and rfon-governmental, in liaison with ISO and IEC, also take part in the work. In the field ¢f information
technplogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The fnain task of the joint technical committee is to prepare International Stahdards. Draft| International
Standards adopted by the joint technical committee are circulated to national baedies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bodies casting a votd.

Attenfion is drawn to the possibility that some of the elements of this, '"document may involve|the use of a
patent, as indicated in Annex H.

ISO/IEC 15444-3 was prepared by Joint Technical Committee ISO/IEC JTC 1, Informationy technology,
Subcpmmittee SC 29, Coding of audio, picture, multimedia_and hypermedia information, in collaboration with
ITU-T]. The identical text is published as ITU-T Rec. T.802;

This gecond edition cancels and replaces the first edition (ISO/IEC 15444-3:2002), which has begn technically
revisgd. It also incorporates the amendment ISO/IEC 15444-3:2002/Amd.2:2003.

ISO/IEC 15444 consists of the following partsy under the general title Information technology + JPEG 2000
image coding system:

— Rart 1: Core coding system
— Rart 2: Extensions

— Rart 3: Motion JPEG 2000
— Rart 4: Conformance testing
— Rart 5: Reference software

— Rart 6:._.Compound image file format

— Part 8: Secure JPEG 2000

— Part 9: Interactivity tools, APIs and protocols
— Part 10: Extensions for three-dimensional data
— Part 11: Wireless

— Part 12: ISO base media file format

The following part is under preparation:

— Part 13: An entry level JPEG 2000 encoder

© ISO/IEC 2007 — All rights reserved Vv
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Introduction

This Recommendation | International Standard is the consequent revision of the Motion JPEG 2000 specification, based
on the common text of the MP4 and MJ2 formats, which is called the ISO Base Media File Format.

This Recommendation | International Standard specifies the use of the wavelet-based JPEG 2000 codec for the coding
and display of timed sequences of images. It has been defined by ISO/IEC JTC 1/SC 29/WG 1 as Part 3 of the
JPEG 2000 International Standard. In this Recommendation | International Standard, a file format is defined, and
guidelines for the use of the JPEG 2000 codec for timed sequences are supplied. The Motion JPEG 2000 file
format MJ2 is designed to contain one or more motion sequences of JPEG 2000 images, with their timing, and also
optional audio annotations, all composed into an overall presentation.

To promote ififeroperability between MJZ encoders and decoders and to test these systems ior compliance tp this
Recommendafion | International Standard, a framework of compliance testing is provided. Compliance testing |s the
testing of a candidate product for the existence of specific characteristics required by a standard. It involyes testijg the
capabilities off an implementation against both the compliance requirements in the relevant standard and the stat¢ment
of the implempntation's capability.

Motion JPEG|2000 is expected to be used in a variety of applications, particularly where the codee’is already avalilable
for other reaspns, or where the high-quality frame-based approach, with no inter-frame coding/ is appropriate. These
application ar¢as include:

+ |digital still cameras;
* |error-prone environments such as wireless and the Internet;
* |PC-based video capturing;

* |high-quality digital video recording for professional broadcastihg and motion picture production|from
film-based to digital systems; and

* |high-resolution medical and satellite imaging.

Motion JPEG|2000 is a flexible format, permitting a wide variety.of usages, such as editing, display, interchang¢, and
streaming.

Vi © ISO/IEC 2007 — All rights reserved
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology — JPEG 2000 image coding system: Motion JPEG 2000

Scope

2007 (E)

This Recommendatlon | Internatlonal Standard spe01ﬁes the use of the wavelet based JPEG 2000 codec for the coding

and displ
overall p
use of th¢
specifies

complian

2

The follo
constitute
were valij
Recommg
edition of
valid Inte
valid ITU]

3 l])efinitions

For the py
3.1

AL Oly

esentation. In this Recommendatlon | International Standard a file format is deﬁned and guidelin
JPEG 2000 codec for motion sequences are supplied. This Recommendation | Internatignal)Star

profiles and the framework, concepts, methodology for testing and the criteria to be, achieved

e to this Recommendation | International Standard.

[Normative references

ving Recommendations and International Standards contain provisions which, through reference i
provisions of this Recommendation | International Standard. At the time ‘of publication, the editions
d. All Recommendations and Standards are subject to revision, @nd parties to agreements basg
ndation | International Standard are encouraged to investigate‘the possibility of applying the m
the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of
fnational Standards. The Telecommunication Standardizatioti.Bureau of the ITU maintains a list of
LT Recommendations.

—  ITU-T Recommendation T.800 (2002) | ISOAEE 15444-1:2004, Information technology — J1
image coding system: Core coding system.

—~  ITU-T Recommendation T.803 (2002),| FSO/IEC 15444-4:2004, Information technology — JI
image coding system.: Conformance testing.

— IS0 639-2:1998, Codes for the representation of names of languages — Part 2: Alpha-3 code.

[particularly the syntax desetiption language (SDL), clause 14].

—  ISO/IEC 15444-12:2005, Information technology — JPEG 2000 image coding system — Par
base media file forniat (technically identical to ISO/IEC 14496-12).

rposes of\this Recommendation | International Standard, the following definitions apply.

Motion sequence: A timed sequence of JPEG 2000 images.

- ISO/IEC 14496-1:2004, Information technology — Coding of audio-visual objects — Part ||

S¢d into an

es for the
dard also
to claim

this text,
indicated
d on this
pst recent
currently
currently

PEG 2000

PEG 2000

Systems

t 12: 1SO

4

4.1

Compatibility and technology derivation

Family members

This is a stand-alone Recommendation | International Standard; it defines the file format for MJ2. However, it stands as
a member of a family of Recommendations | International Standards with common formatting.

The other

family members include:

«  the JPEG 2000 single image format, JP2;

e the ISO Base Media File Format, on which the MP4 format is based;

e the QuickTime file format, on which the ISO Base Media format is based.

ITU-T Rec. T.802 (01/2005)
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These specifications share a common definition for the structure of a file (a sequence of objects, called boxes here and
atoms in QuickTime), and a common definition of the general structure of an object (the size and type).

All these specifications require that readers ignore objects that are unrecognizable to them.

This Recommendation | International Standard takes precedence over those from which it inherits, in any case where
there are differences or conflicts; however, no such conflicts are known to exist.

4.2 ISO Media file inheritance and compatibility

The Motion JPEG 2000 file format is defined as derived from the ISO Base Media file format. Notwithstanding
anything in that base specification, hint tracks are not a normative part of this Recommendation | International Standard.
Clauses 7 (Streaming Support) and 10 (RTP Hint Track Format), though compatible with this Recommendation |
International Standard, do not form normative parts of this Recommendation | International Standard. They may be used
as a compatible, optional, extension, but are not required for compatibility with this Recommendation | International
Standard.[There may be license implications in the use of this or other compatible extensions to this format.

4.3 JP2 inheritance and compatibility

The still image format, JP2, defines a number of boxes. The signature box from that specification’shall be predent. If the
JP2 specification requires a particular position (e.g., first in the file), that positioning shall be followed here.

It is perinissible under this Recommendation | International Standard to make a file“that adheres to [both this
Recommgndation | International Standard and the JP2 specification. In that case:

1) The compatibility list shall include all the compatible brands.
2) The objects (boxes or atoms) required by the JP2 specification §hall also be present.

3) The objects (boxes or atoms) optional in the JP2 specification.may also be present.

A still ihage reader, reading a file which contains both a presetitation (conformant to this Recommg¢ndation |
Internatiohal Standard) and a still image, would 'see' only the stilldimage. Likewise, a motion reader would 'se¢' only the
presentatipn. A more powerful reader may display both, or offerthe user a choice.

The JP2 specification includes an optional IPR (Intellectual Property Rights) box which is therefore also optiognal in this
Recommgndation | International Standard. Among othgr isSues this addresses unique identification and prqtection of
content.

4.4 Conformance

Implemerftations of Motion JPEG 2000 deceders shall support JPEG 2000 image sequences, as well as raw jand twos-
complem¢nt audio if audio output is available. They may also support compressed audio, using MP4 format$, or other
track typgs from MPEG-4. The suppost of such MPEG-4 tracks is not required; however, readers shall not fail if they
are presept. [f MPEG-4 composition (BIFS) is used, then the simple composition used in this Recommgndation |
Internatiohal Standard shouldralso be set up in such a way that a reader not implementing BIFS will display|a suitable
result.

Files conformant with-this Recommendation | International Standard shall contain at least one Motion JPEG 2000 video
track. Thdy may contdin more video tracks, uncompressed audio, or compressed MP4 audio.

4.5 rofiles and levels

There are Two tools for protiling Motion JPEG 2000 Tifes.

The first consists of the optional specification of tools and levels of the JPEG 2000 coding system (codestream
features). These are indicated in the optional sample description extension JP2 Profile Box (see clause 5).

The second tool allows a file overall to be identified as belonging to a definition which forms a proper subset of the
general specification. Such definitions might restrict such features as:

*  the use of data references, and multiple files;

+ the layout order of the boxes, and the data within the boxes (e.g., that data is in time order and
interleaved);

2 ITU-T Rec. T.802 (01/2005)
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»  the use of profiles of the JPEG 2000 codestream;
+ the existence of other tracks, and their format (e.g., audio, MPEG-7, etc.).

The conformance to these restricted profiles is indicated in the file type box by the addition of the compatible profiles as
brands within the compatibility list. Annex A defines the available profiles in this Recommendation | International
Standard.

4.6 Visual composition

Composition of multiple image sequences in a 2D environment can be achieved by using multiple video tracks which
overlap in time. Their composition is defined by the following structures:

*  The matrix in the track header specifies their positioning and scaling.

. The laver field in the track header specifies the front-to-back ordering of the tracks

*  The graphics mode and opcolor fields in the video media header are used to specify the wayy4 in which
each track is composited onto the existing image (this compositing is performed from backto fijont).

Applicatipns requiring more complex compositing may use the BIFS system from MPEG-4, optienally. The matrix,
graphics fnode, and layers should be set up so that a reader not implementing BIFS displays theydesired resylt. Matrix
values which occur in the headers specify a transformation of video images for presentation. The poifft (p,q) is
transformpd into (p',q') using the matrix as follows:

pgl) * | a b u | = (mn z)

| ¢ 4d v |

| x v w |
Mm=ap + cqd + X; n =bp + dg + y; 2 = up + vg % w;
p' = m/z; q' = n/z

The coordinates {p,q} are on the decompressed frame, and {p';q} are at the rendering output. Therefore, for] example,
the matrix {2,0,0, 0,2,0, 0,0,1} exactly doubles the pixel dimension of an image. The coordinates transfornjed by the
matrix arg¢ not normalized in any way, and represent actual sample locations. Therefore {x,y} can, for expmple, be
considerefl a translation vector for the image.

downwardls. {p,q} and {p',q'} are to be taken as-absolute pixel locations relative to the upper left hand corper of the
original ifpage (after scaling to the size determined by the track header's width and height) and the tragnsformed
(rendering) surface, respectively.

The coorlEnate origin is located at the upper left'Corner, and X values increase to the right, and Y valuep increase

Each track is composed using its matrix as specified into an overall image; this is then transformed and fomposed
according| to the matrix at the meyie level in the MovieHeaderBox. It is application-dependent whether thg resulting
image is [clipped' to eliminate~pixels, which have no display, to a vertical rectangular region within a wihdow, for
example. So for example, if only one video track is displayed and it has a translation to {20,30}, and a unity npatrix is in
the MovigHeaderBox, antapplication may choose not to display the empty "L" shaped region between the image and the
origin.

All the vdlues in aumatrix are stored as 16.16 fixed-point values, except for u, v and w, which are stored as 2.30 fixed-
point valyes. Hor,upwards compatibility into the MPEG-4 BIFS (scene composition) system, matrices used hgre restrict
(u,v,w) tq b€«0,0,1), for which the hex values are (0,0,0x40000000). This permits the simple composition usgd here to

be mappeb-nte-BHSHasecenelaterrequiresfull seene-management
The values in the matrix are stored in the order {a,b,u, c,d,v, x,y,w}.

Tracks are composed to the presentation surface from back (highest layer number) to front (lowest layer number),
against an indeterminate initial colour. There are various composition modes available; the backmost (first-rendered)
track would normally use 'copy' as the initial image is indeterminate. Subsequent layers can then be composed on top in
a variety of ways. Table 1 details the composition modes available. Note that (currently) only the 'transparent’ mode
uses the opcolor field.

ITU-T Rec. T.802 (01/2005) 3
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Table 1 — Graphics composition modes

Mode Code Description

Copy 0x0 Copy the source image over the destination.

Transparent 0x24 Replace the destination pixel with the source pixel if the source pixel is not
equal to the opcolor. (Also known as 'blue-screen').

Alpha 0x100 Replace the destination pixel with a blend of the source and destination
pixels, with the proportion controlled by the alpha channel. The alpha
channel is applied to all channels.

Pre-multiplied black alpha 0x102 Pre-multiplied with black means that the colour components of each pixel
have already been blended with a black pixel, based on their alpha channel
value. Effectively, this means that the image has already been combined
with a black background, which must be removed before composition.

Compongnt-aiphe B0 One-or-more-alpha-—channels-are-presentwhielhare-apphed-to-ndiyidual
colour channels, and the image must be composed channel-by<Channel.

Images age only alpha-composed if both the graphics composition mode requests alpha compositiony ‘and the images

contain alpha channels, as declared by the Channel Definition Box inside the JP2 Header Box. Therefore th:
mode can|be used to prevent alpha composition of an image with alpha channels, if that is desired;

If there ig a single alpha channel applied to the entire image, then the value of the graphies must be 'Alp

e graphics

ha' if that

channel i§ a straight 'Opacity’ channel, and must be 'Pre-multiplied black alpha' if that\channel is a 'Pre-jnultiplied'

opacity ¢
to the wh
mode. Su

The alphd blending formulas are defined in ITU-T Rec. T.800 | ISO/IEC 15444-1.

NOTE
reversi

not gugranteed to preserve individual sample values precisely.

4.7
All JPEG

5

In the filg type compatibility box, the’brand shall be 'mjp2' for files conforming to this Recommendation | Int

Standard,
See Anne

The prefe

6

6.1
6.1.1

annel. If there are one or more alpha channels in the image which are applied to individual channg
ple image, and alpha composition is desired, then the 'Component alpha\value must be used for th
bport of 'Component alpha' composition is optional in this Recommendatjon | International Standard,

— Use of the "transparent" opcode may be yield unexpected results when the image codestreams are compressg
ble fashion, or are subject to scaling in quality or resolution, either’dtring or after content production. Such op

IBox order

2000 files start with a signature box, therefore:this rule is added to the Box Order rules:
1) The JP2 Signature Box and File Type-Box shall occur first and second in the file.

File identification

and 'mjp2' shall be a membet of the compatibility list.
k A for a complete list,of all profile brand names.

[red file extensionsis .mj2'. The MIME type video/mjp2 is used, as defined in the appropriate RFC.

[Required additions

ls and not
b graphics

d in a non-
rations are

ernational

Samplp dpeoripﬁnn box

Definition

Box Types: 'mjp2', raw '?, 'twos'
Container: ~ Sample Table Box ('stbl')
Mandatory:  Yes

Quantity:

Exactly one

A Motion JPEG 2000 visual sample entry shall contain a JP2 Header Box from ITU-T Rec. T.800 | ISO/IEC 15444-1;
however, the sSRGB YCC enumerated colour space (codepoint 18) from ITU-T Rec. T.801 | ISO/IEC 15444-2 may also
be used to identify the colour space used, in addition to ITU-T Rec. T.800 | ISO/IEC 15444-1 numerated colour spaces
(such as sSRGB and greyscale). If the JP2 Header Box indicates the presence of alpha channels, then the 'depth' field in
the VisualSampleEntry must also indicate their presence, with the value 0x20. Similarly, if the JP2 Header Box defines
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a monochrome image with no alpha, the 'depth' field must contain the value indicating grayscale (0x28). Otherwise, the
'depth’ field must declare colour images (0x18).

If two fields are present in the samples, the JP2 Header Box applies to the complete image, not to each field
individually. Therefore the height as declared in the JP2 Header Box and the VisualSampleEntry applies to the entire
de-interlaced image.

NOTE - This means that you may not be able to construct a legitimate JP2 file by composing a single field's codestream together
with the JP2 header box found in the sample description.

The sample format for Motion JPEG 2000 data is a set of boxes. Currently this Recommendation | International
Standard permits only JP2 Codestream Boxes (‘jp2c') as defined in the JP2 specification. If there is no Field Coding Box
present, or the field count is 1, the sample shall contain precisely one codestream box. If the field count is 2, then there
shall be two codestream boxes. Other boxes, if present in the sample, shall be ignored. The last (or only) box in the
sample may have a value of 0 for its length field, indicating it extends to the end of the sample, as indicated by the
sample size given in the sample size table. The actual codestreams presented to the decoder are formed by
concaten%)ing the contents of the JP2 Prefix Box, if any, in the sample description before each codestream/prgsented in

the jp2c box(es) in the samples. If field coding is used, the same prefix is concatenated before both fields{ Typlically, the
prefix will contain a JPEG 2000 main header; however, this is not required in the general case, though specifjc profiles
may limit]the use of the prefix box.

If the codestreams used in a sequence conform to a specific profile of the JPEG 2000 coder, aJP2 Profile Bdx may be
used to indicate such conformance.

The visudl sample entry may optionally contain a field-ordering box (see below). If £+eldcount is 2, eachl field will
be half the height of the overall image, as declared in the 'height' field of the sample déscription. To be predise, if the
height fie|d contains the value H, then the field with the topmost scanline has ((H+1) div 2) lines, and the other field has
(H div 2) lines. The utility of the prefix box may be diminished when field coding4s used, especially when H is odd.

The origipal format of the material (interlace or progressive) may be do¢umented by the Original Format|Box. The
origingl fieldcount must take the value 1 (progressive) or 2 (interlaced), When the value [is 2, the
origingl fieldorder documents whether the topmost ling “came from the earlier or later ffeld. The
documentation of the original format is independent of whether\the material has been coded as progressiye (frame-
based) or|interlaced, which is documented by the field coding bex. This box is informative only and may ass|st readers
in display] or transcoding. For example, material that was originally interlaced but is encoded frame-based and must be
displayed| on an interlaced display can be positioned.so“that the display interlace matches the original |material's
interlace.

The valugs present in the VisualSampleEntry, its constituent boxes including the JP2 Header Box, and the codestreams
that thesq boxes describe, must agree, to the.extent that the format and precision of fields allow. This fgreement
includes, [but is not limited to, width and height information, and the resolution declaration (within the| accuracy
permitted|by the different representations). ‘Files with conflicts are non-conforming and readers may attempt| to decide
which values are correct, or reject thefile:

The field} horizresolutiomand vertresolution document the highest resolution component of the image
(which is [typically, but not required to be, the luminance, in a sub-sampled image).

For audi¢ tracks, in the fermats defined here (with code points 'raw ' and 'twos'), the data is |stored as
uncomprgssed sampleslf stereo is stored, the data consists of interleaved left/right samples. The raw format uses
offset-binpry; for 8-bit samples, values range from 0 to 255, with 128 indicating silence. For 'twos', 8-bit values
range from —128 to~127, with 0 being silence. Values of 16 bits are similarly derived (with the bytes in netvork byte
order, or big-efidian format).

6.1.2 X
// Visual Sequences

class MJ2SampleEntry () extends VisualSampleEntry ('mjp2') {
JP2HeaderBox () ;
FieldCodingBox(); // optional
MJP2ProfileBox (); // optional
MJP2PrefixBox(); // optional
MJP2SubSamplingBox () ; // optional
MJP20riginalFormatBox () ; // optional

// Field-Based Coding
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class FieldCodingBox () extends Box('fiel') {
int (8) fieldcount;
int (8) fieldorder; // both storage and temporal order

class MJP20riginalFormatBox () extends Box('orfo') {
int (8) original fieldcount;
int (8) original fieldorder;

class MJP2ProfileBox () extends FullBox ('jp2p', 0, 0){
unsigned int (32) [] compatible brands;

class

class

class N

}
6.1.3
AudioFq

Comprey

(FR2PrefixBox-—extends—Box{l3paxii{

nt (8) [] data; // the data is the initial codestream part
[JP2SubSamplingBox () extends Box('jsub'){

insigned int (8) horizontal sub;

insigned int (8) vertical sub;

insigned int (8) horizontal offset;

insigned int (8) vertical offset;

/ Audio Sequences

(J2AudioSampleEntry () extends AudioSampleEntry —(AudioFormat) {

Semantics
rmat is either 'raw ' or 'twos'.

sorname the value "\017Motion JPEG 2000" istecommended (\017 is 15, the length of the string

depth tdkes one of the following values:

compat]
codestrea

Horizo
downsam
given dirg

Horizo
luminanc
precedend

0x 18 — images are in colour with no alpha;
0x28 — images are in grayscale with no alpha;

0x20 — images have alpha (gray or colour).

ble brands is a list, filled to the end of the containing box, of JPEG 2000 profiles, to which the
s conform; see the JPEG. 2000 specification for the defined values.

ital sub and vertical sub indicate whether the chroma components of a YCbCr enco
bled in the codestreant; the value indicates the number of luminance samples to a single chroma san|
ction. This can‘assist decoders in memory allocation, or in using optimized sub-sampled display inte

tal offset and vertical offset specify the offset of the first chroma sample from
b samplé; as measured on the sample grid. If a CRG marker is present in the codestream, these V|
e over those in the codestream. See Annex C for example values.

fieldcq

s a byte)

hssociated

ling were
iple in the
rfaces.

the first
hlues take

unt specifies the number of fields in the samples, and shall be 1 or 2.

fieldorder describes the order of the two fields, and is only relevant if fieldcount equals 2:

0  Field coding unknown;
1 Field with the topmost line is stored first in the sample; fields are in temporal order;

6  Field with the topmost line is stored second in the sample; fields are in temporal order.

original fieldcount specifies the number of fields in original material before encoding, and shall be 1 or 2.

original fieldorder describes the order of the two fields, and is only relevant if original fieldcount

equals 2:

0  Field coding unknown;
11 Topmost line came from the earlier field;

16 Topmost line came from the later field.
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Template fields used

Motion JPEG 2000 uses simple composition, as defined above. Therefore the following fields are required to be
correctly set in conforming files:

1) For Visual composition: matrix in the Movie Header Box and Track Header Box; layer; graphicsmode

and opcolor in the Video Media Header Box; and depth in a VisualSampleEntry;

2) For Audio Composition: volume in the Movie Header Box and Track Header Box; balance in the

Sound Media Header Box;

3) For variable-rate playback, rate in the Movie Header Box;

4) To describe the audio and visual sample correctly, horizresolution, and vertresolutionin a
VisualSampleEntry; and channelcount, samplesize and the samplerate in an

AudioSampleEntry.

8 I])eﬁnition of compliance points

8.1

This clau
points an
determing
definition|
to particu

Because

codestrea
A set of Y
guarantee

8.2 [H, W, C: Image size guarantees

Decoders

General

e describes a number of compliance points (Cpoints) for this Recommendation } International Stan
1l parameters are described to provide assistance in designing a compliant deceder. Actual com
d by the test methods in clause 10 and the codestreams, reference images,(and tolerances in claus
5 of compliance points in this clause are useful for the design of an encodet, The parameters may ¢
ar parts of an implementation.

bf resource limitations, implementations of Motion JPEG 2000“semetimes will not be able to
m in its entirety. This clause defines various parameters for which'a specific implementation might 4
ralues for every parameter defines a compliance point. Thu§,an implementation of a particular Cp
resources as defined in all the parameters.

may be limited in the size of the output image that they are capable of producing, due to physic

characteri
compone

samples than the H, W, and C for a Cpoint shall still be decoded, provided they contain a resolution equal to o

HxW.

that specified by the decoder's Cpoint, while-preserving aspect ratio. The requested image size is defined by

and width

Equationg
levels tha

VisualSaij

levels deg
Annex A

If a non-

stics or memory limitations. H, W, and.C are respectively the largest height, width, and n
ts that are required to be decoded for @jdecoder in the compliance point. Codestreams contai

mpliance for these codestreams iscbased on the ability to decode at the largest size smaller than g

fields in the applicable 'VisualSampleEntry' from the MJ2 file.

8-1 and 8-2 express these. restrictions. The maximum » < T} that satisfies both conditions is the 1§
I must be decoded. ;s defined in 8.9. The variables w, and 4, denote requested width and heigh

hpleEntry segmentdefined in 6.1. The term min(V, (i)) denotes the minimum number of deco

lared in any"COD or COC marker segments whether used in main header or in tile-part headers as
bf ITU-T(Rec. T.800 | ISO/IEC 15444-1.

hegative* r does not exist to satisfy both conditions for any tile or for the whole image, then n

dard. The
pliance is
e 11. The
prrespond

decode a
e limited.
oint must

al display
umber of
jing more
I less than
r equal to
the height

humber of
from the

mposition

Hefined in

b decoder
umber of

obligatior

&xists. A decoder claiming compliance at some Cpoint with image dimensions A x W and 1

componer S C, must-also-be uapab}w of duuudius any-SCquencees with-widtrtessthanor L/\,lual 1O ”, huiéht tess than or
equal to H, and number of components less than or equal to C. For each Cpoint, the minimum values for H, W, and C
are specified in Table 2.

S/ - 1SW

o N

h, <H

AT
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8.3 N Code-block parsing guarantee

Decoders need not decode compressed bits that cannot be recovered from the codestream due to excessive parser
memory being required. An upper bound for the parser state memory required to reach a point x in the codestream may
be determined from the total number of code-blocks for which state information must be kept, the total number of
precincts for which a packet has been encountered, and the total number of components of the codestream.

At position x in the codestream, N(x) is defined as the total number of code-blocks in every precinct where the first
header byte of at least one received packet for the precinct lies outside the range 0x80 to 0x8F.

Decoders are permitted to stop parsing the codestream at the point, x, once Ng(x) > N, where N, is defined for each
compliance point. Decoders are permitted to stop parsing the codestream once packet headers with more than N, code-
blocks have been encountered. Code-blocks in packets prior to the packet with the N,th code-block shall be decoded up
to the limits of other parameters in the compliance point.

NOTE - Packet headers with the first bit set to 0 are defined as empty. The above definition adds all the code-blocks associated

with sych precincts to N, for these empty packets because a decoder requires more memory for these packets than [for packets
starting in the listed range.

8.4 Ncomp: Component parsing guarantee

Decoders|could be required to buffer information about each component for many thousands.'0f componefts just to
parse a cqdestream. To limit the required memory, decoders are permitted to stop parsingthe‘codestream at p point, x,
once the following condition is reached:

Cmax(x) > Ncomp

where C.x(x) is defined as the largest component index for which a paeket has been encountered up {o point x
regardlesy of the emptiness or the relevance of the packet.

Code-blog¢ks in packets prior to the above stop condition shall be degcoded up to the limits of other parameters in the
complian¢e point.

8.5 [Lioay: Coded data buffering guarantee

The parsqr state memory described in 8.3 is required to parse packets regardless of whether their code-blocks are
relevant tp the dimensions and number of componeits for which compliance is being claimed. For those cdde-blocks
that are r¢levant, the implementation is required.to" store the recovered packet bytes. These are the code byt¢s that are
processed by the block decoder (Annexes C and)D of ITU-T Rec. T.800 | ISO/IEC 15444-1).

After a giyen number of decoded codestream bytes, x, the quantity Ly.q,(x) is defined as the total number of packet bytes
that have been encountered so far in packets whose precincts are relevant to the dimensions and components|for which
complian¢e is being claimed. Although some implementations may be able to decode some of these pagket bytes
incrementally, Ly.qy represents an.upper bound on the number of packet bytes that must be stored by the decodgr prior to
decoding | If the number of relevant packet bytes exceeds Lyody, then the Implementation Under Test (IUT) is gdllowed to
stop readjng the codestream’ and to decode the code-blocks obtained up to the limits of other parametgrs in the
compliang¢e point.

8.6 M: Decoded bit-plane guarantee

The decodlef.shall decode all of the packet bytes recovered by the parser in accordance with the requirements|described

2 1] 2 tetaaastad 1 £ ALl 1 £ I dall JeQ £ 1 Lal] 1
abOVe. T S uuusatluu 1SHmttea-tothe-most olollllluullt H{ott PrancsoOT Catir COUC-OTOUKOPTCITICAalty the-broek decoder

must correctly decode the first 3(M — P3)-2 coding passes, if available, of any relevant code-block, b, where P, is the
number of zero-valued most significant bit-planes signalled in the relevant packet header as described in Annex B of
ITU-T Rec. T.800 | ISO/IEC 15444-1. The decoder is free to decode any number of additional coding passes for any
code-block. Codestreams with large values for the number of guard bits will have a larger number of zero-valued most
significant bit-planes, and thus a decoder of any given Cpoint will decode fewer useful bit-planes. Likewise,
codestreams with large values for the shift in the RGN marker segment may have fewer bit-planes decoded.

8.7 P: 9-71 precision guarantee

Codestreams that make use of the irreversible 9-7 discrete wavelet transform will require dequantization, the 9-7 inverse
discrete wavelet transform, and potentially the inverse irreversible component transform (ICT). The precision values for
the wavelet transform are chosen to allow high quality imagery at various bit-depths, e.g., 8, 12, or 16 bits per sample.
However, for Cpoint-0, the accuracy of the 9-71 filter required is set such that it is possible to be compliant by decoding
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and inverse quantizing and performing a 5-31 (irreversible 5-3) inverse wavelet transform. This allows lower cost
decoders to be used for the lowest compliance point only. For higher compliance points, using the 5-3 filter in place of
the 9-7 filter will not be sufficient to pass the compliance tests.

Using the 5-3 inverse wavelet transform to decode imagery compressed with the 9-7 wavelet introduces signal
dependent noise. For example, errors are highest around edges in the imagery. Because induced errors are signal
dependent, there is no "precision" specified for the implementation of the wavelet transform for Cpoint-0. Instead, the
bounds on accuracy of the 9-7 transform have been set for each Cpoint-0 reference image to allow an implementation to
use the 5-31 inverse wavelet filter. Using the 5-31 inverse wavelet transform instead of a 9-71 filter does not relieve a
decoder of the requirement to perform inverse quantization.

For compliance points other than Cpoint-0, the precision guarantee in Table 2 refers to the implementation's minimum
word size that will achieve the target MSE values for the test streams.

To facilitgte-end hat is, the
value of 4 F test may
provide the option of using different values for the reconstruction parameter, r; however, if the value f=1/2 is

supported and employed for compliance testing this will typically increase the ease of passing.

: 5-3R precision guarantee

A decodef is expected to implement the reversible 5-3R IDWT exactly, for component bit-depths of B bitsfsample or
less, as specified in the SIZ marker segment (see Annex A of ITU-T Rec. T.800 | ISOAEC 15444-1). If a cpdestream
employs the reversible component transform (RCT) and the IUT claims compliance a3 or more components, [it must be
able to pefform both the 5-3R IDWT and the inverse RCT exactly for bit-depths(of B bits/sample or less.

8.9 T1: Transform level guarantee

For each |Cpoint, a decoder is expected to be able to synthesize a¢minimum number of levels of the IDWT, T;. For
codestreans that contains more than 7} decomposition levels, thé.deCoded image from a compliant decoder |n a given
Cpoint may include only the top resolution levels.

8.10 |[L: Layer guarantee

For each Cpoint, a decoder is expected to decode a mitnimum number of layers, L, in a codestream. For codestfeams that
contain nfore than L layers, the decoded image from a compliant decode in a given Cpoint may include only] the top L
layers. THis relieves compliant decoders from the burden of decoding inefficient codestreams with an excessiye number
of layers.

8.11 |[Progressions

For all Cpoints, a decoder is expeeted to decode all possible progressions as specified in the COD marker segment. If a
POC marker segment is used in’ a codestream, Cpoint-0 to Cpoint-3 decoders shall decode packets associatefl with the
first proggession order specified in the POC marker segment for that tile. Additional packets in the tile may be|skipped.

8.12 Tiles

If an image is divided into tiles, the following restrictions apply to tile dimensions:

128 < XTsiz 7 mMin(XR51Z, YRsiZ') < 1024 (8-3)

XTsiz = YTsiz (8-4)

8.13 Tile-parts

Codestreams may contain multiple tile-parts for each tile. Profile-0 codestreams require all initial tile-parts to appear in
spatial order in the codestream before other tile parts. Cpoint-0 to Cpoint-3 decoders may ignore tile-parts beyond the
first even if Ng, or Lyogy has not been reached.

ITU-T Rec. T.802 (01/2005) 9
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8.14

Precincts

Tiles may contain several precincts. Cpoint-0 decoders need only decode the first precinct in each subband of each tile.

8.15

Frame-rate and bit-rate

Frame-rate: A compliant real-time decoder must report the lowest frame rate that it can sustain when decoding all
frames, as well as the number of skipped frames (fields) when it achieves real-time.

Bit-rate: A compliant real-time decoder must also report the highest bit-rate which can always be fully decoded in real-
time (bit-rate guarantee).

8.16

Profile: Codestream guarantee

Profiles pravi

Internatiopal Standard in Annex A, labelled unrestrlcted' and 51mple Conformance testing of the rich feafure set of
unrestrictgd codestreams is not targeted in this Recommendation | International Standard. Thus, Ao al]l Cpoints
complian{ decoders need only to handle motion representations in MJ2 simple profile, indicated by fhebrangl 'm;j2s' in
top-level file-type box.

NOTE| — Conforming to simple profile means that restrictions of Profile-0 defined in A.10, of ITU-T Ref.

T.800 |

ISO/IEC 15444-1 apply to embedded codestreams, with the exception of tile dimensions where Y7siz = XTsiz = 128 fis replaced
by definitions of 8.12.

9 Compliance point definitions
Table 2 defines four compliance points in terms of the parameters.
Table 2 — Definitions of compliance points.(Cpoint) for Part-3
Paramgter Cpoint-0 Cpoint-1 Cpoint-2 Cpoint-8

W x H(S{ze) 360 x 288 720 x 576 1920 x 1080 4096 x 3112

C(Compdnents) | 3 3 4 4

Nob 399 1371 8428 50656

Neomp 4 4 4 4

Liody 27 bytes 2% bytes 2% bytes 2% bytes

M 11 13 15 19

P Low enough to allow 16-bit fixed point 16-bit fixed point 20-bit fixed poin
5 x 3 I decoding of implementation implementation implementation
9 x 71 data

B 8 10 12 16

TL 3 4 5 5

L 15 15 15 15

Progressipns For all Cpoints, a decoder is expected to decode all possible progressions as specified in the COD marker
segment. If a POC marker segment is used in a codestream, a Cpoint-0 decoder shall decode packets agsociated
with the first progression order specified in the POC marker segment for that tile. Additional packets i the tile
may be sklpped For all other Cpomts packets may be sklpped only due to other hmltatlons (e 8., Nop 4nd Lyoq)

Tiles Single tile image or Smgle tile image or square | Single tile image or square Smgle tile image or square
square tiles with tiles with dimensions tiles with dimensions tiles with dimensions
dimensions ranging ranging from 128 to 1024 | ranging from 128 to 1024 | ranging from 128 to 1024
from 128 to 1024

Tile-parts Decode only first tile- | Decode only first tile-part | Decode only first tile-part | Decode only first tile-part
part per tile per tile per tile per tile

Precincts Decode first precinct Decode all precincts Decode all precincts Decode all precincts
per subband

File format MJ2 simple profile MJ2 simple profile MJ2 simple profile MJ2 simple profile
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Compliance testing procedures apply as defined in Annex B of ITU-T Rec. T.803 | ISO/IEC 15444-4, with the
following extensions:

1) A particular executable test suite (ETS) defines the test codestreams (TCS), output images and error
tolerances. This is done in clause 11 for the four defined compliance points by taking specified frames
from MJ2 sequences. Implementations under test (IUT) must therefore be able to output decoded visual
samples in a format (see Annex G) that they can be compared as defined in ITU-T Rec. T.803 | ISO/IEC
15444-4. Any visual composition transformations do not apply to this test method.

2) In addition to the testing of single visual samples IUT will be evaluated by using MJ2 reference
sequences defined in clause 11. The test procedure is:

to decode all frames (fields) of a sequence as defined in 8.15. Therefore it must report, that no
frames (fields) were skipped;

to decode in correct frame order and correct field order. Therefore it must report, that t

frame (field) order has been respected;

to report the lowest frame rate it can sustain as defined in 8.15;

to report the highest bit-rate which can always be fully decoded as defined in{845.

Table 3 lipts the obligations for an IUT evaluated to be compliant to a certain Cpoint.

Table 3 — Obligations for IUTSs

he correct

Cpoint-0 TCS Cpoint-1 TCS Cpoint-2 TCS Cpoint-3 [TCS
Cpoint-9 IUT Must decode Must decode up to Must decode up to Must decode jup to
everything compliance point compliance point compliance ppint
parameters defined-inv/| parameters defined in | parameters d¢fined in
Cpoint-0 Cpoint-0 Cpoint-0
Cpoint-1 IUT Must decode Must decode Must decode up to Must decode jup to
everything everything compliance point compliance ppint
parameters defined in | parameters d¢fined in
Cpoint-1 Cpoint-1
Cpoint- IUT Must decode Must decode Must decode Must decode jup to
everything everything everything compliance ppint
parameters d¢fined in
Cpoint-2
Cpoint-3 IUT Must decode Must decode Must decode Must decode
everything everything everything everything

11 [Executable test suite (ETS)

This clauge defines four ETSs for the compliance points (Cpoints) defined in clause 9. Additional ETSs may be made
available [aftér ‘the publication of this Recommendation | International Standard; see http://www.jpeg.org/software for
the latest ket\of ETSs

Each ETS consists of motion sequence and single image codestreams, reference decoded images, and tolerance values
for MSE and peak error.

11.1 Test sequences

The following compressed test sequences listed in Tables 4 to 7 are attached to this Recommendation | International
Standard.

Table 4 — List of test sequences (Cpoint-3)

Resolution
4096 x 3112

Sequence name
cp31.mj2

Video type Number of frames
24P 80

Format Bit depth
RGB 4:4:4 16
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Table 5 — List of test sequences (Cpoint-2)

Sequence name Resolution Video type Number of frames Format Bit depth
cp21.mj2 1920 x 1080 30P 240 YCC 4:2:2 8
cp22.mj2 1920 x 1080 24p 90 RGB 4:4:4 12
cp23.mj2 1280 x 1024 15P 90 YCC 4:4:4 10/11

Table 6 — List of test sequences (Cpoint-1)

Sequence name Resolution Video type Number of frames Format Bit depth
cpll.mj2 720 x 480 30P 150 YCC 4:2:0 8
cpl2.mj2 640 x 480 24P 90 RGB 4:4:4 8
cpl3.mj2 720 x 576 501 200 (400 fields) YCCM 4:2:0:4 8

Table 7 — List of test sequences (Cpoint-0)

Seque¢nce name Resolution Video type Number of frames Format Bif depth
cp01.mj2 360 x 240 30P 150 YCC 4:2:0 8
cp02.m;j2 320 x 240 24p 150 RGB 4:4:4 8
cp03.mj2 352 x 288 25P 200 Mono 8

NOTE[- Resolutions in the above tables are in the form width x height, referred to.the component(s) with the least suj-sampling.
The column Video type in the above tables are in the form ##[P|I] with '##' indicating the original frame/field rate perfsecond, 'P'
indicatjng progressive scan (i.e., single frame images) and 'I' indicating4nterlaced scan (i.e., images consisting of {wo fields).

Forma

compopent which represents a two-level mask used during encoding.

11.2

11.2.1

Cpoint-3

[Codestreams

information explains colour representation and sub-sampling styl¢ of colour components. Sequence 'cp13.mj

' has a 4th

The test dodestreams for this ETS as listed in Tables’8 and 9 are in the directory 'Cpoint3'. There are motion §equences,
with namgs of the form 'xxx.mj2' and single image codestreams, with names of the form 'xxx_###.j2k', whre "###' is
the frame|number extracted from the corresponding motion sequence.

Table 8 — Reference motion sequences (Cpoint-3)

TCS Number. of frames Bit depth Width Height Video type Fdrmat
cp31l.mj2 80 16 4096 3112 24P RGB 4:4:4
Table 9 — Reference image and allowable error (Cpoint-3)
T Reference image . Frame Bit depth Width Height Peak MSE
file name number
cp31_045.j2k cp31_045_1.pgx 45 16 4096 3112 0 0
cp31_045 2.pgx 16 4096 3112 0 0
cp31_045_3.pgx 16 4096 3112 0 0

11.2.2

Reference decoded images

The reference decoded single images for this ETS are in the directory 'reference Cpoint3'. The filenames are of the
form 'xxx_### ?.pgx' where ### is the frame number (starting from 1) extracted from the corresponding motion
sequence and '?' denotes the component number (starting from 1).

11.2.3

Tolerances

The maximum allowable MSE and peak errors are listed in Table 9, along with information on image properties.
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11.3

11.3.1

Cpoint-2

Codestreams
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The test codestreams for this ETS as listed in Tables 10 and 11 are in the directory 'Cpoint2'. There are motion
sequences, with names of the form 'xxx.mj2' and single image codestreams, with names of the form 'xxx ###.j2k',
where '###' is the frame number extracted from the corresponding motion sequence.

Table 10 — Reference motion sequences (Cpoint-2)

TCS Number of Bit depth Width Height Video type Format
frames
cp21.mj2 240 8 1920 1080 24p YCC 4:2:2
cp22.mj2 90 12 1920 1080 24P RGB 4:4:4
cp23.mj2| 90 10/11 1280 1024 15P YC( 4:4:4
Table 11 — Reference image and allowable error (Cpoint-2)
TCS Reference image file name Frame Bit Width Height Peak MSE
number depth
cp21_044.j2k cp21_045_1.pgx 45 8 1920 1080 0 0
cp21 045 2.pgx 8 960 1080 0 0
cp21_045_3.pgx 8 960 1080 0 0
cp22_049.j2k cp22 045 1.pgx 45 12 1920 1080 14 6.46
cp22_045_2.pgx 12 1920 1080 11 428
cp22 045 3.pgx 12 1920 1080 18 8.18
cp23_049.j2k cp23 045 1.pgx 45 10 1280 1024 2 0.42
cp23_045_2.pgx 11 1280 1024 5 0.64
cp23_045_3.pgx 11 1280 1024 5 0.52

11.3.2

The referpnce decoded single images for this ETS are in the directory 'reference Cpoint2'. The filenames
form 'xx§ ### ?.pgx' where ### is the frame number (starting from 1) extracted from the correspondif

|Reference decoded images

sequence pnd '?' denotes the component, number (starting from 1).

11.3.3

Tolerances

The maximum allowable MSE-and peak errors are listed in Table 11, along with information on image properties.

11.4

11.4.1

The test fodestreams for this ETS as listed in Tables 12 and 13 are in the directory 'Cpointl'. There a|
sequencey, with names of the form 'xxx.mj2' and single image codestreams, with names of the form 'xxx

Cpoint-1

[Codestréams

pre of the
lg motion

e motion
| #H.52K,

Whel‘e '# ! ib tllC flalllC llulll‘UCl CAtl a\,tcd flUlll t}lC bUllCDpUlldillé lllUtiUll quuClle.
Table 12 — Reference motion sequences (Cpoint-1)

TCS Number of frames Bit depth Width Height Video type Format
cpll.mj2 150 8 720 480 30P YCC 4:2:0
cpl2.mj2 90 8 640 480 24p RGB 4:4:4
cpl3.mj2 200 (400 fields) 8 720 576 501 YCCM 4:2:0:4

ITU-T Rec. T.802 (01/2005)
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Table 13 — Reference image and allowable error (Cpoint-1)

TCS Reference image file name Frame Bit Width Height Peak MSE
number depth
cpll 0452k cpll 045 1.j2k 45 8 720 480 4 0.09
cpll 045 2.2k 8 360 240 3 0.12
cpll_ 045 3.2k 8 360 240 4 0.06
cpl2_045.j2k cpl2 045 12k 45 8 640 480 0 0
cpl2_045 2.j2k 8 640 480 0 0
cpl2 045 3j2k 8 640 480 0 0
cpl3 045 top.j2k cpl3_045 top 1.j2k 45 8 720 576 3 0.19
cpl3 045 top 2.j2k 8 360 288 1 0.09
Cp13_045 _10p 32K 3 300 738 T 0.08
cpl3_044 botj2k cpl3_045 bot 1.j2k 45 8 720 576 3 0.20
cpl3_045 bot 2.2k 8 360 288 9 0.08
cpl3_045 bot_3.j2k 8 360 288 2 0.08
11.4.2 |Reference decoded images
The referpnce decoded single images for this ETS are in the directory 'reference Cpointl". The filenames pre of the
form 'xx§ ### ?.pgx' where ###' is the frame number (starting from 1) extracted. fiom the corresponding motion
sequence fand '?' denotes the component number (starting from 1). For interlaced matefial, the top and bottom| fields are
denoted with 'top' and 'bot' together with the frame number.
11.4.3 [Tolerances
The maximum allowable MSE and peak errors are listed in Table 13, dlong with information on image properfies.
11.5 (Cpoint-0
11.5.1 |[Codestreams
The test fodestreams for this ETS as listed in Tables 14 and 15 are in the directory 'Cpoint0'. There afe motion
sequencey, with names of the form 'xxx.mj2' and¢single image codestreams, with names of the form 'xxx ###.j2k',
where '###' is the frame number extracted from the corresponding motion sequence.
Table 14 -~ Reference motion sequences (Cpoint-0)

TCS Number of frames Bit depth Width Height Video type Fdrmat
cp01.nj2 150 8 360 240 30P YCC 4:2:0
cp02.m52 90 8 320 240 30P RGB 4:4:4
cp03.m2 200 8 352 288 25P Mono

Table 15 — Reference image and allowable error (Cpoint-0)
TCS Reference image file name Frame Bit Width Height Peak MSE
number depth
cp01_045.j2k cp01_045_1.j2k 45 8 360 240 3 0.16
cp01_045 2.2k 8 180 120 1 0.18
cp01_ 045 3.j2k 8 180 120 1 0.17
cp02_045.j2k cp02_045_1.pgx 45 8 320 240 0 0
cp02_045_2.pgx 8 320 240 0 0
cp02_045 3.pgx 8 320 240 0 0
cp03_045.j2k cp03_045.pgx 45 8 352 288 3 0.21

14
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11.5.2  Reference decoded images

The reference decoded single images for this ETS are in the directory 'reference Cpoint0'. The filenames are of the
form 'xxx_### ?.pgx' or 'xxx_###.pgx' where H###' is the frame number (starting from 1) extracted from the
corresponding motion sequence and '?' denotes the component number (starting from 1).

11.5.3 Tolerances

The maximum allowable MSE and peak errors are listed in Table 15, along with information on image properties.
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Annex A

File and codestream profiles

(This annex forms an integral part of this Recommendation | International Standard)

Profile introduction

This annex normatively specifies the ways in which Motion JPEG 2000 files can be profiled.

There are

three areas for which profiles and levels can be declared:
a) The optional still image which may occur at the top-level of a Motion JPEG 2000 file.

b) The characteristics of the individual frames (codestreams) which form a motion sequence.

The profi
Box. The

Profile cd
are placed

The charad
level file-

A2

File confq

AN s ml) 11 1 . i L4l L. W, SRS AnY e bR 1L
) TTIC UVULAIT CIIATIAULICTISUILS UL UIU IVIULIUIT T' TUSUITIAtIUIT TLSUIT.

e for the optional still image is declared by including the correct 'compatible brands' in the top-level
e profiles (brands) are specified for JP2 files, and that specification shall be followed here.

de-points should be used to profile the images that form the frames of motion sequences:"These ¢
within the JP2 Profile Box within the sample description.

cteristics of the motion presentation are declared by placing the brands of the gomipatible profiles i
ype box. This Recommendation | International Standard defines two profiles:

1) Unrestricted. The brand 'mjp2' indicates unrestricted conformance to this Recommg
International Standard and shall be placed in the top-level File Type Box in all files.

2) Simple. The brand 'mj2s' indicates the simple Motion JPEG 2000/profile, as defined below.

Motion JPEG 2000 simple profile

rming to the simple profile have the following characteristics:

1) Exactly one video track is present.

2) At most a single audio track, using only 8<ef-16-bit raw audio, is present.
3) Each track shall have exactly one sample description, used by all samples.
4)  The sample rate of the audio, if present, shall not exceed 48 kHz.

5)  The frame rate of the video shall not exceed 30 frames per second.

6) The video codestream profile shall be profile 0 for both the motion sequence and the still
present.

7) The file is self-contained; no data references are used, and therefore all media data is contair
the single file.

8) The media datain the Media Data Box(es) is placed within the box(es) in temporal order.

9) If more than one track is present, the media data for the tracks is interleaved, with a gran|
greaterthan the greater of:

a)—the duration of a single 'sample' (in file format terms) or;

b) one second.

File Type

de-points

n the top-

ndation |

image, if

ed within

ularity no
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Annex B

Gauidelines for use of the JPEG 2000 codec

(This annex does not form an integral part of this Recommendation | International Standard)

Introduction

Certain artifacts have been observed when using ITU-T Rec. T.800 | ISO/IEC 15444-1 codec to create motion
sequences. Experiments have been performed to identify the cause of these artifacts and indicate encoding strategies
that would be likely to mitigate them. This annex is intended to review the results of the experiments that were
performed and recommend possible methods that may be employed. These methods are not necessarily the best or only
approach to addressing these observed artifacts. This annex is intended as a point of reference for individuals
implementing this Recommendation | International Standard (Motion JPEG 2000).

Subclausg
issues.

B.2 |[Frequency weighting for motion sequences

The objeq
quality. T}
that there
not show
especially
weights t

For coloy
advantaggd

componeit more than the chrominance components.

B.2 suggests particular frequency weighting for motion sequences. Subclause B.3 addresses.sub

tive of employing frequency weighting to motion images is to explore methods that'might improve
uning of weighting values for chroma component is an important area to investigate. An experime
are some flickering artifacts when displaying a moving sequence of images although individual pj
an annoying artifact. The frequency weighting was observed to reduce, these artifacts in all test s
at low to middle bitrate (for example 0.25 to 0.50 bpp for CIF). A~firter and better adjustment
improve the image sequence's quality may provide additional improvements.

r images, the frequency weighting tables of the Y, Cr, and Cb‘components should differ in ord|
of the properties of the human visual system. For example, 4t-is usually desirable to emphasize the

-sampling

subjective
nt showed
ictures do
equences,
of visual

er to take
uminance

Table B.] specifies a set of CSF weights which were designed for the luminance component based on the CSF value at
the mid-ffequency of each subband. The other two tables (Tables B.2 and B.3) specify sets of CSF weights fpr Cb and
Cr. Note that the tables are intended for a 5-level wavelet,decomposition.
The table| does not include the weight for the lowestfrequency subband, nLL, which is always 1. Levels 1, 2, ..., 5
denote th¢ subband levels in low to high frequency erder. (HL, LH, HH) denotes the three frequency orientatipns within
each subband.
Table B.1 — CSF weights for luminance
Level HL LH HH

1 1.000000 .000000 1.000000

2 1.000000 .000000 1.000000

3 0.999994 .999994 0.999988

4 0.837755 .837755 0.701837

5 0.275783 .275783 0.090078

Table B.2 — CSF weights for Cb
Level HL LH HH

1 0.812612 .812612 0.737656

2 0.679829 .679829 0.567414

3 0.488887 .488887 0.348719

4 0.267216 .267216 0.141965

5 0.089950 .089950 0.027441
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Table B.3 — CSF weights for Cr

Level HL LH HH
1 0.856065 .856065 0.796593
2 0.749805 .749805 0.655884
3 0.587213 .587213 0.457826
4 0.375176 .375176 0.236030
5 0.166647 .166647 0.070185

Encoder sub-sampling of components

' YUV. In these, colour components are already sub-sampled and
n JPEG 2000 encoder. Although the encoder sub-sampling of colour components is not recomr]
c. T.800 | ISO/IEC 15444-1, the sub-sampling may be commonly used in Motion JPEG 2000.,Therd
so should be weighted directly to sub-sampled colour components.

ling of chroma components in JPEG 2000 can be achieved in two ways:
a) the highest-frequency subbands may be omitted; and

b) if no ICT is used, then the codestream permits the components to differ(inssize.

the sub-sampled signal may b¢'th

-709-4 for
e input of
hended in
fore, CSF

18

ITU-T Rec. T.802 (01/2005)


https://iecnorm.com/api/?name=a75f83a462d4210a66bc581b469b0683

ISO/IEC 15444-3:2007 (E)

Annex C

Indicating sub-sampling chroma offset

(This annex does not form an integral part of this Recommendation | International Standard)

This annex provides informative material for the Sub-sampling Box 'jsub' (see 6.1), with offset values for common sub-
sampling formats.

Reference grid
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Figure C.2 — 4:2:2 format (centred)
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Figure C.4 — 4:2:0 format (centred)

Table C.1 — Chroma phase values

Figure C.1 Figure C.2 Figure C.3 Figure C.4
Horizontal-offset 0 1 0 1
Vertical-offset 0 0 1 1
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Annex D

Field structures for interlace

(This annex does not form an integral part of this Recommendation | International Standard)

In the case of frame-based coding in an interlaced sequence, each sample is composed of lines from two fields.
Encoding is illustrated in Figure D.1 and decoding in Figure D.4. In the case of field-based coding, each sample is
composed of lines from one of the two fields. There are two types of vertical and temporal positions of samples in an
interlaced frame. Figures D.2 and D.5 show encoding and decoding when the topmost line of the frame belongs to the
earlier field and the second line of the frame belongs to the later field. Figures D.3 and D.5 show the other case where
the topmost line belongs to the later field.

> Wavelet transform

T.802_Fann. D.1

Figure D.1 — Picture structure in frame-based coding

L QY
\\\
k}) ——Pp  Wavelet transforin
&
b\
—P»  Wavelet transform
T

T.802_Fann. D.2

Figure'D:2 — Picture structure in field-based coding (topmost line first)

cN
\V

——P  Wavelet transforjn

[\

—JP  Wavelet transform

T.802_Fann. D.3

Figure D.3 — Picture structure in field-based coding (topmost line second)
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Figure D.4 — Picture structure in frame-based decoding

- >

transform

Wavelet inverse > D‘.
N

A

ol

Wavelet inverse >

transform

T.802_Fann. D.

Figure D.5 — Picture structure in field-based decoding (topmost line first)
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Figure D.6 — Picture structure in field-based decoding (topmost line second)
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Annex E

Guidelines for implementing Motion JPEG 2000

(This annex does not form an integral part of this Recommendation | International Standard)

E.1 Introduction

The Motion JPEG 2000 file format is derived from the ISO Base Media File Format. Members from the ISO/IEC JPEG
and MPEG committees jointly maintain the ISO Base Media File Format, known as ISO/IEC 15444-12 and ISO/IEC
14496-12 (two standards with identical text). It is expected that the ISO/IEC Base Media File Format will be extended
as new features are proposed to support desired new functionality.

When 1mplement1ng the MJ2 file format it is 1mportant to note that not all features of the ISO Base Media File Format

option. However, use of optlonal features could limit 1nter0perab111ty w1th other Motlon JPEG 2000, compliant

implemerftations. And, use of optional features from the ISO Base Media File Format may require-a

complian{ MJ2 file format is targeted to be IP free.
NOTE}- To implement Motion JPEG 2000, both ITU-T Rec. T.802 | ISO/IEC 15444-3 and ISO/IEC 15444-12 documg¢nts will be
needed and will be supplied by ISO when ordering ITU-T Rec. T.802 | ISO/IEC 15444-3. Sinee there are [features in
ISO/IEC 15444-12 that are not part of a compliant Motion JPEG 2000 implementation, please reféx fo the following guidelines
and taljles for required (normative) features and optional features. A compliant Motion JPEG 2000)implementation must support
requirgd features. A compliant implementation need not support optional features, but it must not fail if optional features are
present.

E.2 Guidelines

Motion JPEG 2000 video is stored in video tracks, as documented in the\JSO Base Media File Format. This format
defines the structure of video tracks in a format-independent fashion./Th¢ exact format of the video is declafed by the
sample d¢scription; the sample description for Motion JPEG 2000, 1$ “defined in Clause 6 of this Recommiendation |
Internatiopal Standard.

The format of the samples is defined by the declarations in the-sample description and the corresponding spefification.
For Moti¢n JPEG 2000, the sample format contains JPEGZ2000 code-streams; again, the precise format is flefined in
ITU-T Rde. T.800 | ISO/IEC 15444-1 and Clause 6 of this\Recommendation | International Standard.

Since Mation JPEG 2000 is an I-frame coder (ther€,are no difference frames), some of the structures in the|base ISO
media fil¢ format are not needed: the sync sample table (and shadow sync) are only needed when there are fifference
frames, and so are unused here. Similarlys‘the composition time to sample table is only needed when there is
decode/cqmposition re-ordering (as happens-with B frames), and so is not needed.

Motion JREG 2000 files may also contain audio. The structure of an audio track is like that of a video track. Support for
uncomprdssed (raw) audio is defined in this Recommendation | International Standard (both sample description and
sample fofmat). The definitionsfor MPEG-4 audio may be found in the MPEG-4 specifications.

Padding Rits are only needéd for MPEG-4 audio (the padb table) and since support of MPEG-4 audio is optipnal, so is
support of this table.

Hinting aphd support™for hinting (such as hint tracks) are not part of the Motion JPEG 2000 specification, [so all the
structures| relating>to hint tracks are not required. Track references are not used by the basic Motion JFEG 2000
specificatjon, buf are used for various purposes including hinting; therefore, track reference atoms are optionall.

The MOt; 1—JRPEG-2000 snecificationncses onlbr andio and— Ann madia tranlea. the— Il mediaheader pse by other

1o == = SPECTIICTTTOT—a5ts uu;] aHaHO—af v THOOTI—traticss THCO Tt at—ao5ta

tracks, including MPEG-4 systems tracks, is not used here.

The use of interlaced material is not recommended, but possible if necessary. Refer to clause 6 where organization of
media data and meta data is explained. Explicitly, when two fields are present in the samples, the JP2 Header Box
applies to the complete image, not to each field individually. Therefore, the height as declared in the JP2 Header Box
('jp2h") and the VisualSampleEntry ('mjp2') applies to the entire de-interlaced image. Entry-size in the Sample Size
Box ('stsz') is therefore the sum of the two corresponding JP2 Codestream Boxes ('jp2¢'). Those codestream boxes shall
always appear in temporal order, whilst fieldorder entries in the Field Coding Box ('fiel') and
original fieldorder entries in MJP2 Original Format Box (‘orfo') help properly reconstructing the decoded
images.

When encoding video source images provided in a chrominance sub-sampled YCC format, it is recommended to signal
this through MJP2 Sub-sampling Box (‘jsub'). Decoders should be aware that this box is optional and therefore
eventually sub-sampling information shall be retrieved from the JP2 codestream.
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Table E.1 — Required features for Motion JPEG 2000

ftyp

file type and compatibility

moov

container for all the meta-data

mvhd

movie header, overall declarations

trak

container for an individual track or stream

track header, overall information about the track

tref

track reference container

edts

edit list container

elst

an edit list

mdia

container for the media information in a track

mdhd

media header, overall information about the media

hdlr

handler, declares the media (handler) type.

minf

media information container

vmhd

video media header, overall information (vided track
only)

smhd

sound media header, overall information (sound
track only)

dinf

data information box, confainer

dref

data reference box, declares source(s) of medip data
in track

stbl

sample table\box, container for the time/space|map

stsd

sample descriptions (codec types, initialization, etc.)

stts

(decoding) time-to-sample

stsc

sample-to-chunk, partial data-offset informati

N

stsz

sample sizes (framing)

stz2

compact sample sizes (framing)

stco

chunk offSet, partial data-offset information

co64

64-bit chunk offset

mvex

movie extends box

mehd

movie extends header box

trex

track extends defaults

moof

movie fragment

mtfhd

movie fragment header

traf

track fragment

tthd

track fragment header

track fragment run

mfra

movie fragment random access

tfra

track fragment random access

mfro

movie fragment random access offset

mdat

media data container

free

fVPP Vlnﬂf‘P

skip

free space

udta

user-data

cprt

copyright, etc.

24
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