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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 Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) 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; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, 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.
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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 lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would 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 Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They 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 time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the
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 is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned 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 whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previously. For more information about the
IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website 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.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements 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 Three
Dimensional (3D) Contents Based on Psychophysical Studies Working Group (WG), later changed to
Human Factors for Visual Experiences Working Group, and a PAR was submitted. The IEEE Standards
Association Corporate Advisory Group approved it on 8 March 2011, and the IEEE Standards Association
Standards Board approved it by 31 March 2011. On 5 April 2011 the project IEEE P3333.1 was official
approved. Finally, the WG called for participation on 27 May 2011. On 29 March 2014, IEEE 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 Experience (QoE) and Visual-Comfort
Assessments of Three-Dimensional (3D) Contents Based on Psychophysical Studies: the PAR’s request
date was 6 November 2013, and its approval date was 26 March 2014. This standard establishes methods of
visual discomfort and quality-of-experience (QoE) assessments of 3D contents based on psychophysical
studies. These key factors are constructed in conjunction with the visual factors used to provide visual
discomfort and QoE degradation. On 10 July 2015 the standard was officially published.

IEEE P3333.1.2, IEEE Draft Standard for the Perceptual Quality Assessment of Three-Dimensional (3D)
and Ultra-High-Definition (UHD) Contents: the PAR’s request date was 6 November 2013, and its
approval date was 27 March 2014. Originally, the title was IEEE Draft Standard for the Perceptual Quality
Assessment of Three Dimensional (3D) Contents Based on Physiological Mechanisms. However, on
4 March 2016 after being re-approved, the official name of the PAR changed to the current version. This
standard establishes methods of quality assessment of 3D and UHD contents based on human visual system
analysis, such as perceptual quality and visual attention.
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IEEE Standard for the
Perceptual Quality Assessment

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

1. Scope

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

— Compression distortion, such as multi-view image and video compression

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

— Structural distortion, such as bit errors on wireless/wired transmission errors

— Visual attention according to the quality degradation

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

2. Normative references

The following referenced 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). For dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments or corrigenda) applies.

Recommendation ITU-P.910, Subjective Video Quality Assessment Methods for Multimedia
Applications.!

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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Recommendation ITU-R BT.500-13, Methodology for the Subjective Assessment of the Quality of
Television Pictures.

Recommendation ITU-R BT.2021, Subjective Methods for the Assessment of Stereoscopic 3DTV Systems.

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary Online should be consulted for terms not defined in this clause.?

accommodation: The process by which the vertebrate eye changes optical power to maintain a clear image
or focus on an object as its distance varies.

disparity: The difference in image location of an object seen by the left and right eyes, resulting from the
eyes’ horizontal separation (parallax). Disparity map implies the difference by number of pixels.

cyclopean image: The image which is fused and perceived by the human visual system.
fovea: Part of the eye located in the center of the macular area of the retina.

human visual system: The part of the central nervous system which gives organisms the ability to process
visual detail, as well as enabling the formation of several non-image photo-response functions.

mean opinion score: In a subjective quality assessment, the average of all subjects’ rating scores of quality
of experience.

natural scene statistics: It is concerned with the statistical regularities related to natural scenes.
photoreceptor: A specialized type of cell found in the retina that is capable of visual phototransduction.
The great biological importance of photoreceptors is that they convert light (visible electromagnetic

radiation) into signals that can stimulate biological processes.

quality assessment: Evaluation of quality of the service or product to determine the performance in
relation to set standards.

quality of experience: The degree of delight or annoyance of the user with an application or service. It
results from the fulfillment of his or her expectations with respect to the utility and/or enjoyment of the
application or service in the light of the user’s personality and current state.

retina: The sensitive layer of tissue at the back of the eye where sensory images are received.

saliency: Interested regions on image or video that is the state or quality by which it stands out relative to
other areas.

segmentation: The act of segmenting an image into different meaningful regions to understand its contents.

sharpness: This is defined by the boundaries between zones of different tones or colors.

*|EEE Standards Dictionary Online subscription is available at: http://dictionary.ieee.org.
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stereoscopic display: Display device capable of inducing depth perception in viewers by means of
stereopsis for binocular parallax.

subjective assessment: An assessment of quality or visual discomfort where there is no pre-established
objective measure or standard and is thus based solely on the opinion of the evaluator or a group of
observers.

vergence: Simultaneous movements of both eyes in opposite directions to obtain or maintain single
binocular vision.

viewing distance: Distance between the viewer and display.

visual (dis)comfort: The state of mind that expresses (dis)satisfaction with the visual environment. In other
words, the visual (dis)comfort is a subjective sensation which accompanies physiological changes, in this
case the ease (stress) of viewing 3D content. As a subjective sensation, it can be measured by asking the
viewer to report its level. The positive (negative) sensation usually increases (decreases) rapidly when the
human observer gazes at a comfortable scenario or closes his eyes.

3.2 Acronyms and abbreviations

2D two-dimensional
3D three-dimensional
3DSwIM 3D synthesized view image-quality metric
CTU coding tree unit
DFT discrete Fourier transform
DGP-SIM disparity-gradient-phase-congruency similarity
DIBR depth-image-based rendering
DMOS differential mean opinion score
DSCQS double stimulus continuous quality scale
FR full reference
HD high definition
HEVC high-efficiency video coding
HVS human visual system
IQA image-quality assessment
LPF low-pass filter
MOS mean opinion score
MSSIM mean structural similarity
NR no reference
NSS natural scene statistics
PLCC Pearson linear correlation coefficient
PLR packet loss rate
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PSNR peak signal-to-noise ratio

QA quality assessment

QoE quality of experience

QP quantization parameter

RGB red, green, and blue channels

RMSE root mean squared error

RR reduced reference

RTP real-time transport protocol

SIQA stereoscopic image-quality assessment
SROCC Spearman’s rank correlation coefficient
SSIM structural similarity

SVR support vector regression

UHD ultra-high definition

4. An overview of the standard

4.1 Quality assessment for 3D contents

The separated perception of left and right views of stereoscopic 3D stimuli induces various binocular-
relevant perception processes in the human visual system, which results in significantly different
determination of the visual quality of the 3D stimuli from that of 2D stimuli. Indeed, existing perceptual
image-quality-assessment models designed for 2D images generally fail to accurately predict quality scores
of 3D images. To analyze and predict the degree of perceptual quality of a 3D content, it is necessary to
understand the contents in terms of spatial and temporal characteristics that are based on existing
psychophysical and statistical models of binocular visual perception. In addition, a perceptual quality-
prediction model of depth-image-based rendering (DIBR)-synthesized views is suggested. Toward this
goal, specific artifacts related to DIBR systems need to be considered.

Mostly, the subjective assessment is inherited from what has been traditionally done for 2D subjective
assessment as defined by ITU-P.910, ITU-R BT.500-13, and ITU-R BT.2021.° However, it is doubtful
whether their results are reliable enough to be used as the reference because the viewing environment is
quite different from 2D due to intensive immersion of a user wearing the glasses in dark lighting. Hence, to
perform the 3D image and video assessments, new databases shall be required to cover the characteristics
of human perception, display mechanism, viewing environment, and so on.

4.2 Quality assessment for ultra-high-definition contents

Generally, the UHD systems have much higher resolution, as well as much larger field of view, than HD
systems. As a consequence, it is expected that viewers experience more realistic contents on UHD displays.
This fosters the study of quality-of-experience issues in UHD systems. In particular, sharpness and
preference assessments stand out for the reason that one of the most critical factors discriminating the UHD
and HD experiences is the perceived pixel densities by the viewers.

3 Information on references can be found in Clause 2.
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Many post-processing techniques have been studied in order to satisfy the viewers’ expectation. Classically,
it is believed that users have better enjoyment when the visual contents are sharp and have high contrast.
However, when the sharpness and/or contrast is too high, the contents become unnatural and difficult to be
perceived. As a result, the search for an appropriate sharpness and contrast enhancement level is crucial and
practical.

5. Quality assessment for 3D contents

5.1 General

The interest in stereoscopic image quality has been increasing lately, which is stimulated by both
entertainment industry and academic research (Lee and Lee [B20]).* In practice, stereoscopic images can
be degraded by common processes, such as compression or transmission. Similar to monocular cases, there
are three types of image-quality assessment: full-reference, reduced-reference, and no-reference quality
assessment. In this standard, all these methods are explored in succession.

5.2 Full-reference quality assessment of stereoscopic images using disparity-
gradient-phase similarity

5.2.1 General

The flowchart of the 3D image-quality assessment method is shown in Figure 1. First, reference and
distorted cyclopean images are generated by using the reference and distorted stereoscopic images based on
a binocular combination/fusion model, respectively. Then, disparity maps of the reference and distorted
stereo pairs, gradient magnitude maps, and phase congruency maps of reference and distorted cyclopean
images are correspondingly extracted. Similarity measurements of the three features are computed, and
then combined into the final stereoscopic image-quality index.

. Gradient P
Ref. Binocular Ref. ™ Magnitude — 1—» Similarity
Stereo 5  Fusion - Cyclopean — » Comparison
Image Model Image Phase
; 4 Congruency Similarity
i i —> Comparison
! ' N Ref.
D ettt T »  Stereo Disparity .
e » Algorithm ] nn—p|  Similarity
1 [, Test 4 Comparison
| H Disparity ¢
! v
Test Binocular Test Gradient = _ Fusion $—
X Magnitude
Stereo 5  Fusion - Cyclopean v
Image Model Image Phase .
Congruency Quality

Figure 1—Disparity-gradient-phase-congruency similarity (DGP-SIM) framework
for stereoscopic image-quality assessment (SIQA)

4 Numbers in brackets correspond to those of the bibliography in Annex A.
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5.2.2 Cyclopean image

When human eyes watch stereoscopic images, the left and right eyes will respectively receive left and right
view of the stereo pair. Before the human visual system (HVS) processes the visual signal, the stereoscopic
images will be fused into a single image, i.c., the cyclopean image, which can be explained by binocular
vision combination characteristic. Here, the latest biological model, gain-control theory model, is used to
simulate the binocular fusion and explain the cyclopean perception. The simulated cyclopean image
CI(x,y) is computed as follows:

Cl(x,y)=W,1,(x,y)+ Wil (x,) 1)

where

W, s the weighting parameters of the left image 7, (x, y)
W,  is the weighting parameters of the right image /, (x, y)

Since the Gabor filter achieves a high performance in modeling the visual signal-processing mechanism of
a simple cell in the primary visual cortex of HVS, the normalized left and right Gabor filter energy
responses are used to weight the stereo pair respectively. Considering binocular disparity, the simulated
cyclopean image CI(x,y) can be expressed as follows:

CI(x,y) =W, (x, I, (%, 3) + Wi (x, ) (x = d (X, Y), ) 2

_ GEL (x,y)
GE, (x,y)+GEx(x—d (x,¥),¥)

3

L

— GER(x_dL(xsy)ay)
GEL(x’y)+GER(x_dL(xay)ay)

4)

R

where
GE, is the overall response magnitude of the left image, on all scales and all orientations
GE, is the overall response magnitude of the right image, on all scales and all orientations

d,(x,y) isthe disparity map

Figure 2 shows an example of a synthesized cyclopean image. The distorted stereoscopic images are
asymmetrically distorted by white noise, as showed in the right-view image. Since the white noise
distortion can increase the right stimulus strength, the overall cyclopean image is dominated by the right
view with white noise.

(a) (b) (c)

Figure 2—Cyclopean image synthesized by a distorted stereo pair; (a) and (b) are left
and right view of stereo pair respectively, (c) is the cyclopean image of (a) and (b)
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5.2.3 Stereoscopic image-quality metric

The DGP-SIM metric has two stages. In the first stage, three local feature similarity maps are computed,
and then the three similarity maps are combined into a single similarity index.

First, the similarity measure for disparity map S, (x) of the reference and distorted stereo pairs is defined

as follows:
2DP(x)DP,(x)+C
SDP ('x ) = 2 : 2 2 ; (5)
DR (x)+ DP, (x) +C,

where

DF (x)  is the disparity map of reference stereo pairs

DP (x) is the disparity map of distorted stereo pairs

(o is 11.25, a positive constant to increase the stability of S, when the denominator is close to

Z€ro.

The value of S, is between 0 and 1.

Identically, the similarity measure for gradient magnitude map S, (x) of the reference and distorted
cyclopean images is defined as follows:

2GM ,(x)GM,, (x)+C,
GM?(x)+GM2(x)+C,

Sev (X) = (6)

where

GM, (x) represents the gradient magnitude map of reference cyclopean images

GM, (x) represents the gradient magnitude map of distorted cyclopean image
G, is 12.25

The similarity measure for phase congruency map S,.(x) of the reference and distorted cyclopean images
is defined as follows:

2PC,(x)PC,(x)+ C,

S,-(x)=
e = B+ PG 1 G,

Q)

where

PC, (x) is the gradient magnitude map of the reference cyclopean image
PC, (x) is the gradient magnitude map of the distorted cyclopean image
C, is 0.0085

Then, S,,(x), Sgy, (x), and S,.(x) are combined to get the final similarity index Ssi04 (x), which is

defined as follows:

Ssi04 (%) = [Spp (I [Say () [Spe ()Y ®
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where

a s the weight of S,
B isthe weight of S;,,
y s the weight of S,

When these three feature measurements are separately used as SIQA metrics, the gradient-magnitude
measurement and phase-congruency measurement can have a relatively high performance. Hence, larger
weights for the parameters of gradient magnitude and phase congruency are chosen. Then,  =0.2,
p=08,and y=0.6.

5.2.4 Overhead analysis

LIVE 3D Image Quality Database phase I and phase II were used to test the algorithm. The LIVE 3D
Image Quality Database phase I consists of 20 reference images and 365 distorted images with five kinds of
distortions, i.e., JP2K, JPEG, white noise, fast fading, and blur. All distortions are symmetric in nature. The
phase II database consists of eight reference images and 360 distorted images with five distortion types like
phase 1. Every reference stereo pair is processed to create three symmetric distorted stereo pairs and six
asymmetric distorted stereo pairs.

Three criterions are used to evaluate the SIQA metrics including Pearson linear correlation coefficient
(PLCC), Spearman’s rank correlation coefficient (SROCC), and root mean squared error (RMSE). PLCC
and RMSE are used to evaluate prediction accuracy of SIQA metrics, and SROCC are used for prediction
monotonicity. Both SROCC and the PLCC values of the metric are larger than 0.93, and its RMSE value is
about 5.8.

5.3 Reduced reference real-time quality assessment of stereoscopic images/video

5.3.1 General

Measuring 3D video quality “on the fly” using full reference (FR) quality metrics is not feasible due to the
need for the original 3D video sequence at the receiver-side for comparison. Therefore, this subclause
discusses a reduced reference (RR) quality metric for left and right views-based 3D video using the
extracted edge information of binocular views.

5.3.2 Stereo image-quality evaluation

Luminance and contrast comparisons are carried out to quantify image-quality degradations. The luminance
comparison accounts for the overall illumination changes of the scene. The variation of the illumination
level of the scene is captured by the contrast comparison. The statistics related to luminance and contrast of
the original images are referred to as side-information. This side-information is sent to users, which are
regarded as receiver-side. At the receiver-side, the same statistics are also calculated from the received
image and then compared with the corresponding side-information sent by the sender. The disparity of the
images is calculated to quantify depth perception/binocular vision—related artifacts. The edge information
generated from the original/processed left and right views are compared to quantify the structural
degradation of the stereoscopic images. The edge-based structural degradation represents the disparity
distortion of the 3D video content. If the structural degradation is high, which means disparity of the
images is significant, the users will struggle to fuse the views and perceive depth information. User
experience will be affected as a result of increased binocular rivalry. The effectiveness of using edges to
quantify disparity of the images is demonstrated in Figure 3.
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