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Foreword

[SO (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 non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the ISO/
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Introduction

The JPEG Universal Metadata Box Format (JUMBF) provides a mechanism to embed and refer generic
metadata in JPEG files. Specific content types can be assigned to identify the specific type of the embedded
metadata.

This document describes a reference software implementation that handles JUMBF data according to the
Content Types specified in ISO/IEC 19566-5. Initially, the JUMBF reference dataset is presented, consisting of
standalone JUMBEF files as well as JPEG-1 encoded images. In addition, the respective validation procedure is
specified which enables the validation of candidate implementations of ISO/IEC 19566-5. Finally, a detailed
analysis of the Java reference implementation of ISO/IEC 19566-5 is presented, demonstrating the software
design which is followed to support the JUMBF data model.

© ISO/IEC 2024 - All rights reserved
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s, definitions and abbreviated terms

'poses of this document, the following'terms and definitions apply.

line browsing platform: available at https://www.iso.org/obp
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d image data representation that includes all necessary data to allow a (full or apj
tion of the-sample values of a digital image
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broximate)

APP11 appheationmarker 3+ JREGXFextensionmarker
CBOR concise binary object representation

CLI command line interface

CSv comma separated values

GUI graphical user interface

IoC inversion of controls

ISOBMFF ISO base media file format
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Y initial value

JPEG joint photographic experts group

JPEG-1 image complying to ISO/IEC 10918-1

JP2C JPEG contiguous codestream

JSON JavaScript!

object notation

JUMBF jpeg universal metadata box format

POJO plain old java object

UUID universally unique identifier

XML extensible markup language

4 Reference software

4.1 Purpose

The use of| the reference software is not required for making an imiplémentation of parser or gq

conformarjce to any of the parts of the ISO/IEC 19566 series. Requirements established in all p

ISO/IEC 19566 series take precedence over the behaviour of the reference software.

4.2 Examples of use

This subclause enumerates possible uses of the reference implementations presented in the anne

a) Sample parser. Users can use the reference jmplementations to inspect, even through visuali
structpire and contents of the JUMBF datagmnodel as specified in ISO/IEC 19566.

b) Sample generator. Users could use,the reference implementations to create JUMBF files
be usg¢d to facilitate the development of applications that take advantage of the benefits|
specification.

¢) Provide anchor implementations for development purposes. JUMBF data model developers c
the reference implementations presented in the annexes in order to gain better insight on the
as well as on how JUMBFBoxes are interconnected.

d) Provide anchor implementations to test possible conformant software. This facilitates dey
have an existingyimplementation act as a ground truth which will assist them assess the validjity of their
own impplementations.

The lack of ‘détection of any conformance violation by any reference software implementation

should not

be considered as a detinite proof that the codestream under testing coniorms to all constraints required
for it to be conforming to one of the parts of the ISO/IEC 19566 series. Similarly, the computation resource
characteristics in terms of program or data memory usage, execution speed, etc. of sample software
encoder or decoder implementations shall not be construed as a representative of the typical, minimal or
maximal computational resource characteristics to be exhibited by implementations of some parts of the
ISO/IEC 19566 series.

iy

JavaScript™ is the trademark of a product supplied by Oracle® Corporation. This information is given for the

convenience of users of this document and does not constitute an endorsement by ISO or IEC of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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4.3 Warranty disclaimer

Regardless of any and all statements made herein or elsewhere regarding the possible uses of the reference
software, the following disclaimers of warranty apply to the provided reference software implementations:

implie

d warranties of merchantability or of fitness for a particular purpose.

damages of any kind whatsoever arising from the use of these programs.

agents, transferees, successors, and assignees.

ITU, ISO and IEC disclaim any and all warranties, whether express, implied, or statutory, including any

In no event shall the contributor(s) or ITU, ISO or [EC be liable for any incidental, punitive or consequential

This disclaimer of warranty extends to the user of these programs and the user’s customers, employees,

ITU, IS

Comm)
sharey

0 and IEC do not represent or warrant that the software is free of infringements of-ahy

ercial applications of ITU-T Recommendations and ISO/IEC International Standards
vare, may be subject to royalty fees to patent holders.

4.4 Gen

The rest

for this dojcument is available at https://standards.iso.org/iso-iec/19566/-10/ed-1/en/. Referenc
implementations do not intend to be unique. Therefore, some parts of JPEG Systems can have

one imple
functional
validation
for JUMBF
summariz
provided fi

ral

the document describes several reference software implementations. The referenc

entation. On the other hand, reference software implementations need to be valid
ty and interoperability points of view. Hence, AnnexA“describes the mechanism fq
of the JUMBF reference software. Annex B describesCah implementation of referenc
(as specified in ISO/IEC 19566-5). The implementafions presented in the subsequent a
bd in Table 1, including information related to thé)parts of the ISO/IEC 19566 series they
linctionalities as well as the technology used.

Table 1 — Reference software implementations for the ISO/IEC 19566 series

patents.

including

b software
b software
more than
ated, from
llowed for
b software
nnexes are
 cover, the

Annex

Software ISO/IEC 19566 parts Decoder |Encoder |Technology

Annex B

jumbf-2.0 library ISO/IEC-19566-5 Yes Yes Java?

a2 Java™j
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5 the trademark of a product supplied by Oracle® Corporation. This information is given for the convenig
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Annex A
(informative)

Validation of ISO/IEC 19566-5 (JUMBF) reference software

A.1 General

This subclause describes the validation process that is followed in order to verify the correctness of

ISO/IEC 19

generator
dataset is
generate t}

In general
Types spe
also embe
into multi

1
specifies ]IJ
JUMBF Content Types that are specified in each one of them is listed il Table A.1.

implementations separately. Along with the validation procedure, the JPEG Systems
included. In principle, any reference implementation presented in this document
ne reference files of the related part of the ISO/IEC 19566 series.

the aim of the JPEG Systems reference dataset is to address all the a@vailable JUM
ified in the scope of the ISO/IEC 19566 series and covering cases ofistandalone JUM
lding JUMBF Boxes in supporting image file formats. The JPEG Systems reference datz
e subdirectories, each of which corresponds to a specific part ofthe ISO/IEC 19566
MBF data structures. All the available parts of the ISO/IEE 19566 series and the

Table A.1 — JUMBF Content Types as defined in'the ISO/IEC 19566 series

566-5 reference software 1mplementat10ns The validation procedure deals with ﬂ)arser and

reference
an parse/

F Content
F files, but
set is split
series that
respective

Directory name JUMBE-Content Types
Part5 XML, JSON, JP2C, CBOR, UUID, Embedded File
Part 4 Protection, Replacement
Part 6 JPEG 360
Part 7 JLINK
Part 8 JPEG Snack
A.2 JUMBF reference dataset
The first| version of the JPEG Systems reference dataset—which is attached along |with this

document
of an exha

combinati¢ns for the available JUMBF Description box attributes and Content Types in ISO/IEC

detailed d
descriptio

— consists of exactly one directory, namely the JUMBF reference dataset. This directo
ustive list of standalone JUMBF files covering ISO/IEC 19566-5. All these files cove

bscriptionsabout the information of each of the available files is given in the referen
1, a csv file' which accompanies the dataset and signals the contents of the Description b

respective]
are prese

type JUMBFbox), a set of input files is included in the dataset. The file name of each of the input

ContentBoxes. The columns of the reference dataset description file for JUMBF referer
ted, in’Table A.2. To specify the content of a JUMBF Box (e.g., the XML payload of an XN\

"y consists
- plenty of
19566-5. A
ce dataset
ox and the
Ice dataset
1L Content

Hocuments

is referenced through the csv file in the respective columns. In scope of ISO/IEC 19566-5 the contents of a
JUMBF Box can be an XML serialized content, a JSON serialized content, a CBOR serialized content, a JPEG
codestream or a generic bytestream. In principle, with the reference dataset description file it is possible
to define any combination of JUMBF data. Specifically, columns A-K refer to all the various combinations
related to the Description box data model. Columns L and M specify the expected number and content (i.e.,
input file) of the Content Box for each JUMBF Box defined in ISO/IEC 19566-5. Next, columns N-O correspond
to the specific fields defined in UUID Content type JUMBF box, while columns P-R correspond to those of
Embedded File Content type JUMBF box. Finally, column S points to the file name of the generated file where
the JUMBF data is going to be stored. If a column is not applicable for a specific JUMBF structure, “NULL’
value is used. Each line of the csv defines a JUMBF Box that is stored either as a standalone file or embedded
in a host image which is encoded using one of the available JPEG encoding formats. Normally, each line

© ISO/IEC 2024 - All rights reserved
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corresponds to a unique file. However, it is also possible for multiple lines to specify a common value in
column S. This means that multiple JUMBF Boxes are concatenated to a single file.

Table A.2 — Definition of the JUMBF reference dataset description csv file.

Csv column o NULL value
Csv column name Csv column description
number allowed?

A Test Id Name of the specific scenario described in the No
row

B Content Type (UUID) The JUMBF Content Type of the JUMBF Box to be |No
generated.

C Host JPEG Image The name of the JPEG Encoded image that will Yes

host the generated JUMBF Box. If NULL, the
resulted JUMBF Box will be stored in a separate
file (i.e., JUMBF standalone file) with the .jumbf,
extension.

D LBox Value of the LBox attribute of the JUMBF Box Yes
header. Available values: 0 (i.e., Read untilthe
end of file), 1 (i.e., the size in bytes of the-box is
expressed in the XLBox attribute of the JUMBF
Box header), NULL (The actual gize in bytes of
the JUMBF Box is stored in LBoxJUMBF Box
header).

E Is Requestable? Boolean value includeddn;the Description box. It |No
corresponds to the “Requestable” field as speci-
fied in ISO/IEC 19566+-5.

F Label String value in¢luded in the Description box. It  |Yes
correspondsto the “Label” field as specified in
ISO/IEC 19566-5.

G ID Numerical value included in the Description box. |Yes
It corresponds to the “Id” field as specified in
ISO/TEC 19566-5.

H SHA256HASH (file name) The name of the file pointing to the bytestream |Yes
value included in the Description box. It corre-
sponds to the “SHA256Hash” field as specified in
ISO/IEC 19566-5.

I Contains multiple private fields? |Boolean value that specifies whether thereisa |No
private field included in the requested Descrip-
tion box. If set to FALSE, it means that either
there is no Private field or there is a single ISOB-
MFF Box. If set to TRUE, it means that the Private
field consists of a ‘priv’ box.

] Private Field (JUMBF Box file The name of the JUMBF standalone file that Yes
name) contains the bytestream that corresponds to
the contents of the private field of the requested
Description box.

K Padding {Numberof bytes) TheTumberof bytesatiocated for the padding No
box content. If set to 0 then no Padding box is
added.

L Number of Content Boxes The number of Content Boxes included in the No
requested JUMBF Box.

M Content Box (file name) The name of the file that corresponds to a No

Content Box of the requested JUMBF Box. For
instance, if the requested JUMBF Box is of XML
Content type, then this column could specify a
“example.xml” file, pointing to the contents of
such JUMBF Box.

© ISO/IEC 2024 - All rights reserved
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Table A.2 (continued)

JUMBF Box described in the Test ID ofithe respec-
tive entry.

Csv column o NULL value
Csv column name Csv column description
number allowed?

N UuID The 16-byte UUID field as specified in the UUID |Yes
Content type in ISO/IEC 19566-5.

0 Data The name of the file pointing to the bytestream |Yes
included in a UUID Content type JUMBF box.

P Media Type String value included in the Embedded File De- |Yes
scription box. It corresponds to the “Media Type”
field as specified in ISO/IEC 19566-5.

Q Filename String value included in the Embedded File De- |Yes
Scriptiom box- ttcorresponds to the “FiEE NAME®
field as specified in ISO/IEC 19566-5.

R Is Externally Referenced? Boolean value included in the Embedded File Yes
Description box. It corresponds to the “Externdl
Reference” field as specified in ISO/IEC 19566~5.

S Expected file (file name) The name of the generated file that contains the |No

Finally, apprt from the reference dataset and its description file, the JUMBF reference datase
another cslv file which corresponds to a reference report. The referenee\report contains informa
parser infgrmation can extract from a JUMBEF file in the context of [ISO/1EC 19566-5. The columns
file are different from the reference dataset description file and their definition is listed in Table 4

Table A.3 — Definition of the JUMBF reference dataset report csv file.

t contains
tion that a
of this csv
h.3.

in the parsed Description box. It corresponds to
the “ID” field as specified in ISO/IEC 19566-5.

Csv colump Csv column name Csv colunmindescription NULL value

number allowed?

A File name Name of the parsed file which contains No
JUMBF-related information

B Standalone file? Boolean value that specifies whether the parsed |No
file contains JUMBF information embedded in a
(host) JPEG image or contains JUMBF data only.

C LBox Numerical value of LBox attribute in JUMBF No
header.

D XLBox Numerical value of XLBox attribute in JUMBF Yes
header.

E Content TypeUUID String value specifying the UUID field included in |No
the parsed Description box.

F Description box Toggle Numerical value included in the parsed Descrip- |No
tion box. It corresponds to the “Toggle” field as
specified in ISO/IEC 19566-5.

G Is requestable Boolean value that specifies whether the parsed |No
FOMBEBexisreqrestabletecorrespondste
the “Requestable” field as specified in ISO/IEC
19566-5.

H Label String value specifying the Label field included in|Yes
the parsed Description box. It corresponds to the
“Label” field as specified in ISO/IEC 19566-5.

I ID Numerical value specifying the ID field included |Yes

© ISO/IEC 2024 - All rights reserved
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Table A.3 (continued)

Csv column
number

Csv column name

Csv column description

NULL value
allowed?

J

SHA256 Hash

String value specifying the HEX encoded SHA-
256Has value of the parsed Description box. It
corresponds to the “SHA256Hash” field as speci-
fied in ISO/IEC 19566-5.

Yes

Private field Exists?

Boolean value specifying whether a private field
is included in the parsed Description box.

No

UUID box UUID field

String value specifying the UUID field included in
the parsed UUID box. The 16-byte UUID field is

specified in the “IJUID Content type” suhclause of

Yes

ISO/IEC 19566-5.

Embedded File Description box
Toggle

Numerical value specifying the toggle of the
parsed Embedded File Description box. It corre-
sponds to the “Toggle” field as specified in the
“Embedded File Content type” subclause@f1SO/
[EC 19566-5.

Yes

Embedded File Description box
Media Type

String value specifying the media typeof the
parsed Embedded File Description box. It corre-
sponds to the “Media Type” field.as specified in
the “Embedded File Contenttype” subclause of
ISO/IEC 19566-5.

Yes

Embedded File Description box
File Name

String value specifying\the file name of the
parsed Embedded File-Description box. It corre-
sponds to the “File name” field as specified in the
“Embedded FEile Content type” subclause of ISO/
[EC 19566-5.

Yes

Embedded File Description box
Content Referenced Externally

Booleanwyalue specifying whether the parsed
Embedded File Content type JUMBF box is refer-
enced'externally or it is embedded in the current
bex. It corresponds to the “External file” field as
Specified in the “Embedded File Content type”
subclause of ISO/IEC 19566-5.

Yes

Content Box TBox field

String value of four characters specifying the
4-byte-type value of the Content Box of the
parsed JUMBF Box (e.g. json’, ‘bidb’).

Yes

Content Box Size

Numerical value specifying the number of bytes
of the Content Box of the parsed JUMBF Box.

Yes

JUMBF Box Padding box Size

Numerical value specifying the number of bytes
included in the Padding box of the parsed JUMBF
Box.

No

A.3 Validation procedure

A.3.1 General

Given the reference dataset along with its description and report files it is possible to define a validation
procedure that parser and generator implementations could use in order to verify their conformance with
[SO/IEC 19566-5. Specifically, this section uses the dataset introduced in A.2 and defines the validation
procedures for reference implementations in scope of ISO/IEC 19566-5. The validation procedure could be

easily generalized for all parts of the ISO/IEC 19566 series mentioned in the annexes.

© ISO/IEC 2024 - All rights reserved
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A.3.2 Parser validation

Figure A.1 showsthe procedure of validating a candidate parser implementation. For a parser implementation
to check its conformance with ISO/IEC 19566-5, it shall be able to provide a report which describes the

contents of a JUMBF Box following the structure presented in the reference report.

Initially, the JUMBEF reference dataset is provided to the candidate implementation which parses all the files
and generates a report. The generated report is first sorted by the first column (i.e., the name of the JUMBF
file) and it is compared with the JUMBF reference dataset report. Provided that the two reports are identical,

the candidate parser implementation is considered conformant to ISO/IEC 19566-5.

Figure A

A.3.3 Ge

Figure A.4
implement

JUMBEF ref

Initially, th

all the input files that are referenced ingit. The candidate implementation should parse the c
generate {

with the r

considered
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Annex B
(informative)

JUMBF reference software: Java implementation

B.1 General

This annex descrihes a Reference software ijmplementation (identified as Implementation 1) for
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566-5 JPEG Systems — Part 5: JPEG universal metadata box format (JUMBF) ISO/IE
hre library is called jumbf-2.0 and it is the main part of a multi-module project, ina
0, whose goal is to support all the JUMBF Boxes presented in the JPEG Systems spe
n in Javal3l and it allows parsing and generating JUMBF data according to ISO/IEC 19
his software aims to be extended in order to support JUMBF structures fronmr other ISO
source code is included under the directory “Reference Implementationfannex-b/java
ation”.

provides background information on the software design appreach followed for the d¢
rence software for JPEG Universal Metadata Box Format (JUMBF). In addition, it provi

y handle JUMBF data. Subclause B.2 defines the hierarchical software design which

bxt, subclause B.2.4 presents the requirements and the third-party dependencies requir
and use the jumbf-2.0 library. Finally, subclause B:3'demonstrates how two different aj
Fary in order to provide an interface which allews the users to interact with JUMBF dat

ware design

neral

[ the jumbf-2.0 library is to previde the means to support the manipulation of JUM
h [SO/IEC 19566-5. Since there are additional JUMBF Boxes defined in other ISO/IEC 19
.0 library is a module of a-broader project where additional libraries extend its functi
br JUMBF structures, The jumbf-2.0 library, as all the other modules defined in this projc
D/IEC 19566 part including the amendments and revised editions that have been issue
aries to be in line with the JPEG activities, the versioning system of the project follows
566 parts. Thusyfor the JUMBF reference software, the jumbf-2.0 library supports the
ties specifiedin scope of ISO/IEC 19566-5 that corresponds to ISO/IEC 19566-5:2023.

the logical structure between the various ISO/IEC 19566 parts, jumbf-2.0 is the m
her libraries of the project should rely on. In fact, the jumbf-2.0 library provides the
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compile the jumbf-2.0 library and how it could be used by Jother Java applications in order to
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other libraries could inherit the JUMBF structure characteristics by simply adding jumbf-2.0 library as a
dependency. This allows the architecture to be minimal and extendable.

As specified in ISO/IEC 19566-5, it is possible to store JUMBF data as standalone files or inside a host image
by embedding the boxes in APP11 markers. Regarding the first case, the jumbf-2.0 library provides the
classes to parse and generate JUMBF data directly from standalone files using the CoreParserService and
CoreParserGenerator classes. Regarding the generation of standalone JUMBF data, the file extension “.jumbf”
is used, corresponding to the concatenation of ISO Base Media File Format boxes. To address the second case,

2) Spring® is the trademark of a product supplied by Broadcom Inc. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO or IEC of the product named. Equivalent products
may be used if they can be shown to lead to the same results.
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the library implements the JpegCodestreamParserService and JpegCodestreamGeneratorService classes.
With these two classes, the library is able to handle JUMBF data embedded in JPEG-1 encoding images. The
logic implemented in these classes provides the means to support the ISO Base Media File Format specified
in ISO/IEC 18477-3. In essence, these classes traverse through the entire JPEG codestream and focus only on
the APP11 markers that are related to JUMBF information.

The rest of the section describes the implementation of the classes that are defined to support specifically the
ISO/IEC 19566-5. The core concept in this data model is a Box. To describe a Box structure in the jumbf-2.0
library two classes need to be specified: an Entity class and a Service class. An Entity class contains the
information concerning the fields that are defined in a particular JUMBF Box. Next, the functionalities to
parse and generate a particular box, are included in the respective Service class. This allows for a better
separation of concerns in our software. The class hierarchies for Entity and Services classes are defined in

subclause

2.2. Finally, once all JUMBE Boxes are defined, it is possible to define the JUMBE Co

tent Types
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DescriptionBox PaddingBox EmbeddedFileDescriptionBox
String uuid long paddingSize int toggle
int toggle MediaType mediaType
String label String fileName
Integer id
e e .
byte[] sha256Hash . FileBox : i MemoryBox |
BmffBox privateField . {abstract} .| {abstract} i
i_ ___________ VT Tt !
! String fileUrl i | byte[] content i
JumbfBox ! o )
extends extends
DescriptionBox dBox
List<BmffBox> contentBoxList BinaryDataBox CborBox
PaddingBox pBox boolean referencedExternally
A
extends . JsphBox | |
ContiguousCodestreamBox | |
PrivateBox
UuidBox
String uuid
int toggle XmlBox
BmffBox privateField

Figure B.1 — Entity class hierarchy in jumbf-core-2.0

Subsequertly, a DescriptionBox class is implemented in order to cover the Description box defirition. This
classis a PJain Old Java Object (P0OJO) that spécifies fields as defined in the second edition of ISO/IEC 19566-5.
The final flield of a DescriptionBox class is.of type BmffBox and it is intended to describe a private field as
defined in|ISO/IEC 19566-5:2023. A private field can be any ISOBMFF box, or a Private Box the| definition
of which ig covered in the PrivateBex class. Furthermore, the second edition of ISO/IEC 19566-} defines a
Padding Bpx structure (implemeited in the PaddingBox Entity class) which allows for size mgnipulation
of a JUMBI box. With these Bax ‘definitions, it is possible to implement the Entity class of a gengric JUMBF
Box. In thq jumbf-2.0 library,jitiis defined as a set of fields consisting of i. one DescriptionBox fi€ld, ii. a list
of BmffBox elements corresponding to the Content Boxes of a JUMBF Box and iii. a field of type PaddingBox.
The remaihing box structuires of the 2nd edition of ISO/IEC 19566-5 are defined. These boxes afe used for
storing teqtual and binary data according to the Content Type of each JUMBF Box.

NOTE [he validity of the content of each content box is out of scope of the functionalities of the jumbf2.0 library.
For example, thé library does not verify that the content of a JsonBox class is a valid JSON representation. Ifis up to the
application|thatuses this library to evaluate the content of a Content Box.

To benefit from code-reusability, jumbf-2.0 library defines two abstract classes (depicted as dashed
rectangles) that distinguish how the data of a content box is handled: a FileBox and a MemoryBox. The
former one defines a String field “fileUr]l” which contains the absolute path to the file containing the contents
that should be included in that particular Content Box. The latter abstract box defines a byte array that
allows the storage of the entire information of a Content Box in the buffer.

So far, with the class hierarchy of the Entity classes it is possible to define the structure of any Box that
is specified. However, the jumbf-2.0 library provides the means to parse and generate each Box. This is
achieved through the Service class hierarchy, which provides the means to parse/generate each structure
that has been defined in the Entity classes. Figure B.2 presents the Service class hierarchy at the top of
which the BoxService interface is defined. This interface is implemented by every Service class and dictates
every class to provide a method for writing and for parsing the bytes related to that Box. The first class is
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the BmffBoxService abstract class. This class implements the two aforementioned methods (i.e., parse and
generate) for the bytestreams that correspond to the ISOBMFF fields, as defined in the respective BmffBox
class. Each of the Service classes that is specified in Figure B.2 inherits from the BmffBoxService as before
handling the internals of each structure it is essential that the ISOBMFF fields are processed. Each Service
class is implemented as Spring Beanl®], a core object of the Spring Framework. It is managed (instantiated,
assembled) by the Spring Inversion of Controls (IoC) container. With Spring Beans, it is possible to decouple
the dependencies between various classes but also to provide algorithms which are valid for Beans that
haven't been defined in the