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Abstract: The world is witnessing a rapid advance in stereoscopic 3D (S3D), and ultra-high-
definition (UHD) technology. As a result, the need for accurate quality and visual-comfort
assessment techniques to foster the display device industry as well as signal-processing area. In
this standard, thorough assessments with respect to the human visual system (HVS) for S3D and
UHD contents shall be presented. Moreover, several image and video databases are also publicly
provided for any research purpose.

Keywords: accommodation and vergence conflict, foveation, human visual system, HVS, |IEEE
3333.1.2™  quality assessment, QoE, quality of experience, saliency detection, stereoscopic,
stereoscopic display, subjective assessment, UHD, UHD display, ultra-high definition, visual
contents analysis, visual comfort, visual discomfort
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Staidara:
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standarc s tiougl a
consensus development process, approved by the American National Standards Institute (“AN._""), which
brings together volunteers representing varied viewpoints and interests to achieve the fin¢l product. IEEE
Standards are documents developed through scientific, academic, and industry-basec. tecnical working
groups. Volunteers in IEEE working groups are not necessarily members of the In:titute <nd participate
without compensation from IEEE. While IEEE administers the process and estac'ishe - rulis to promote
fairness in the consensus development process, IEEE does not independer:‘ly ¢\ luacl, test, or verify the
accuracy of any of the information or the soundness of any judgments containe.' in 1 s standards.

IEEE Standards do not guarantee or ensure safety, security, health, o, e1 vironmental protection, or ensure
against interference with or from other devices or networks. Imp'Cinen.2rs and users of IEEE Standards
documents are responsible for determining and complying " with' all appropriate safety, security,
environmental, health, and interference protection practices «nd &'l applicable laws and regulations.

IEEE does not warrant or represent the accuracy or coni>nt ¢ the material contained in its standards, and
expressly disclaims all warranties (express, implied anu seatutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; ancd au. lity, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any<:na ali conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “/4> 'S «nd “WITH ALL FAULTS.”

Use of an IEEE standard is wholly “olu.tary. The existence of an IEEE standard does not imply that there
are no other ways to produce, tec*. masure, purchase, market, or provide other goods and services related
to the scope of the IEEE stancai’. Fuichermore, the viewpoint expressed at the time a standard is approved
and issued is subject to chang < brught about through developments in the state of the art and comments
received from users of the ‘tandard.

In publishing and ma. ing .ts standards available, IEEE is not suggesting or rendering professional or other
services for, oran behali of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person«r en ity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her owi inc:pendent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, +>ek the advice of a competent professional in determining the appropriateness of a given
IEEE s andard.

IN 210 EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
LXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

3
Copyright © 2018 IEEE. All rights reserved.


http://standards.ieee.org/IPR/disclaimers.html
https://www.stdhive.com/standards/ieee-333312-2017-pdf/

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectui s,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards . hali
make it clear that his or her views should be considered the personal views of that individual rather ti.»n ti.2
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interestec narty. regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting ‘nfcrmation or advice
pertaining to IEEE Standards documents. Suggestions for changes in documcts si.nuld be in the form of a
proposed change of text, together with appropriate supporting comments. Since "EL.E standards represent a
consensus of concerned interests, it is important that any responses t¢ co' aments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE anc. ..comembers of its societies and
Standards Coordinating Committees are not able to provide an in'tant response to comments or questions
except in those cases where the matter has previously been.add=ess 4 ‘or the same reason, IEEE does not
respond to interpretation requests. Any person who woula like to participate in revisions to an IEEE
standard is welcome to join the relevant [IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA ~won lards Board
445 Hoes Lane
Piscataway, NI 09654 USA

Laws and regulations

Users of IEEE Standards oc. mer.ts should consult all applicable laws and regulations. Compliance with
the provisions of any IEE." Standards document does not imply compliance to any applicable regulatory
requirements. Implerien.>ts of the standard are responsible for observing or referring to the applicable
regulatory requiremer s. I *EE does not, by the publication of its standards, intend to urge action that is not
in compliance xith applicable laws, and these documents may not be construed as doing so.

Copyrigh.

"Bt daft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
Thov are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any “mc
by the issuance of new editions or may be amended from time to time through the issuance of amend.nen.:
corrigenda, or errata. A current IEEE document at any point in time consists of the current («dition o1 *he
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document i. more than ten
years old and has not undergone a revision process, it is reasonable to conclude that<ts co.. =nts, although
still of some value, do not wholly reflect the present state of the art. Users ar> cau'ione . to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whe:ner it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at
http://iecexplore.ieee.org/ or contact IEEE at the address listed previous. 7. For more information about the
IEEE-SA or IEEE’s standards development process, visit the !SEE :SA Vebsite at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.htmi.. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibii:v ti at implementation of this standard may require use of subject matter
covered by patent rights. By sutlication of this standard, no position is taken by the IEEE with respect to
the existence or validity of ar.| pa‘ent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of as.nrance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at ht.)://scandards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Sul mitter is willing or unwilling to grant licenses under patent rights without
compensation o= under rvsonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair dit“rim.nation to applicants desiring to obtain such licenses.

Essential Pateat Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
resnon: ‘ble for identifying Essential Patent Claims for which a license may be required, for conducting
1oquirie into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
con'itior s provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agvzements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 3333.1.2-2017, IEEE Standard for the Perceptual Quality Assessment of
Three-Dimensional (3D) and Ultra-High-Definition (UHD) Contents.

This standard is specifically written for high-end 3D and UHD service purveyors, 3D and UHD display
makers, and the 3D digital cinema industry.

History

On 18 February 2011, a project was launched to develop IEEE P.3333.1™, Quality Assessment of 1. ree
Dimensional (3D) Contents Based on Psychophysical Studies Working Group (WG), later chang>d w
Human Factors for Visual Experiences Working Group, and a PAR was submitted. The IE.‘FE Siand wds
Association Corporate Advisory Group approved it on 8 March 2011, and the IEEE Standards . ssociation
Standards Board approved it by 31 March 2011. On 5 April 2011 the project IEEE P3373.1 was official
approved. Finally, the WG called for participation on 27 May 2011. On 29 March 2014, TEES P3333.1 split
in two groups (IEEE P3333.1.1™ and IEEE P3333.1.2™),

IEEE P3333.1.1, IEEE Draft Standard for the Quality of Experiency /uE) und Visual-Comfort
Assessments of Three-Dimensional (3D) Contents Based on Psychophysicai Stucies: the PAR’s request
date was 6 November 2013, and its approval date was 26 March 2014. Ttis stanaurd establishes methods of
visual discomfort and quality-of-experience (QoE) assessments of 3. ( antents based on psychophysical
studies. These key factors are constructed in conjunction with th< visunl factors used to provide visual
discomfort and QoE degradation. On 10 July 2015 the standard wa. offi :ially published.

IEEE P3333.1.2, IEEE Draft Standard for the Perceptual Qua.’ty Assessment of Three-Dimensional (3D)
and Ultra-High-Definition (UHD) Contents: the PAR's recuest date was 6 November 2013, and its
approval date was 27 March 2014. Originally, the title was TZ_EE Draft Standard for the Perceptual Quality
Assessment of Three Dimensional (3D) Conterts Based on Physiological Mechanisms. However, on
4 March 2016 after being re-approved, the offi~iai nanw of the PAR changed to the current version. This
standard establishes methods of quality assesoment ¢f 3D and UHD contents based on human visual system
analysis, such as perceptual quality and visue" atication.
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IEEE Standard for the
Perceptual Quality Assessment

of Three-Dimensional (3D) and
Ultra-High-Definition (UHD) Conteritc

1. Scope

This standard establishes methods for quality assessment of 3D and "TH D contents based on physiological
mechanisms such as perceptual quality and visual attention. This sta. 1aiu identifies and quantifies the
following causes and visual attention of perceptual quality degracation for 3D and UHD image and video
contents:

— Compression distortion, such as multi-view imags and v.deo compression

— Interpolation distortion by intermediate-view rendcring, such as 3D and UHD warping, view
synthesis

— Structural distortion, such as bit errors 61 . eless/wired transmission errors

— Visual attention according to the /ua ity aegradation

Key items are needed to characterizc the 3D and UHD database in terms of the human visual system. These
key factors are constructed in Cenitaction with the visual factors used to perceive quality and visual
attention.

2. Normative r~fer.onces

The following i< %rencea documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). Jor cated references, only the edition cited applies. For undated references, the latest edition of
the ref>renced document (including any amendments or corrigenda) applies.

Kicomni>ndation ITU-P.910, Subjective Video Quality Assessment Methods for Multimedia
App..cations.!

Recommendation ITU-R BT.500-12, Methodology for the Subjective Assessment of the Quality of
Television Pictures.

"ITU-T publications are available from the International Telecommunications Union (http:/www.itu.int/).
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