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Abstract: Head-mounted display-based virtual reality sickness-reducing technology is defined.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, 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 makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the
use of the material contained in its standards is free from patent infringement. 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: THE
NEED TO PROCURE 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.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that
an [EEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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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, nor 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 the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, 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 evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
& Interests area of the IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US 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 licensing fees, 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; https://www.copyright
.com/. 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. An official 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 10 years. When a document is more than 10 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 [IEEE Xplore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

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 https://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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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
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.
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Introduction

This introduction is not part of IEEE Std 3079™-2020, IEEE Standard for Head-Mounted Display (HMD)-Based
Virtual Reality (VR) Sickness Reduction Technology.

This standard defines the HMD-based VR sickness reducing technology.
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IEEE Standard for Head-Mounted
Display (HMD)-Based Virtual Reality
(VR) Sickness Reduction Technology

1. Overview

1.1 Scope

This standard defines the technical requirements that can reduce or control the VR sickness caused by the
HMD-based VR content service. Hence, the VR content service mentioned in this document is considered
HMD-based VR content service by default unless otherwise mentioned. The requirements cover the
followings:

— Content design for VR sickness reduction
— The framework for VR sickness assessment

— The measurement and the network requirements related to motion-to-photon latency for VR sickness
reduction

1.2 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to)."*

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

IThe use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.
*The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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|IEEE Std 3079-2020
IEEE Standard for Head-Mounted Display (HMD)-Based Virtual Reality (VR) Sickness Reduction Technology

2. Normative references

There are no normative references in this standard

3. Definitions, acronyms, and abbreviations
3.1 Definitions

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

360-degree camera: A camera designed to capture 360-degree spherical surfaces.

4K ultra high definition (4K UHD): A term referring to high-definition resolution with a horizontal resolution
in the order of 4000 pixels.

8K ultra high definition (8K UHD): A term referring to high-definition resolution with a horizontal resolution
in the order of 8000 pixels.

accelerometer: A sensor for measuring linear acceleration or angular acceleration by measuring inertia-
induced reaction.

angular resolution: A value of representing an interval between pixels of an image displayed by a head-
mounted display (HMD) on the basis of an angle. The unit of measurement is pixel per degree (PPD).

background complexity: The number of figures, colors, and sizes of objects, and the level of optical flow in
background scene. The background complexity may have an effect on cybersickness.

binocular disparity: Difference in image location of an object seen by left and right eye images.

biomarker: A biomarker, or biological marker, generally refers to a measurable indicator of some biological
state or condition.

constant bit rate encoding (CBR encoding): An encoding method where the codec’s output data is consumed
at a constant rate with respect to time.

chromatic aberration: An effect resulting from dispersion in which there is a failure of a lens to focus all
colors to the same convergence point.

contrast ratio (CR): The ratio of the luminance of the brightest color (white) to that of the darkest color
(black).

controllability: The level of control over virtual reality (VR) content, which can be either an active control
experience or passive exposure to VR content. The more passive the VR experience is, the less controllability
the user has.

cybersickness: Psychological and physiological symptoms similar to those of motion sickness.
Cybersickness symptoms include discomfort, stomach awareness, nausea, pallor, cold sweating, eye fatigue,
and disorientation during or as a result of experiencing virtual environments, especially using head-mounted
displays.

SIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE Account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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depth of field: The effective focus range or distance between the nearest and farthest objects in a moving
scene used to improve sharp images. Inadequate depth of field in rendered virtual reality (VR) stereoscopic
scenes can cause the symptoms of VR sickness.

electrocardiography (ECG): Electrophysiological signals of the heart recorded over a period of time using
electrodes placed on the skin.

electroencephalography (EEG): Electrophysiological signals of the brain recorded noninvasively using
electrodes placed on the scalp.

electrogastrography (EGG): Electrophysiological signals of the stomach recorded using electrodes placed
on the abdominal skin.

exit pupils: The range of pupil size in the head-mounted display (HMD). In a general optical system, it refers
to a hole through which the light exits, an exit hole seen from the direction in which the optical system is seen
from the eye, or a hole through which the image can be formed by the lens behind the optical system.

eye dominance: The preference of processing visual input by the left or right eye.

eye relief: The distance between the eyepiece and the user’s eyes.

eye tracking: A technique to track the position of the eye by sensing the movement of the pupil.

field of view (FOV): The angular width of a screen that fills the user’s visual field. Angles indicate the range of
horizontal, vertical, or diagonal directions over which the camera can hold an image through the lens.

foveated rendering: An upcoming graphics rendering technique which uses an eye tracker integrated with a
virtual reality headset to reduce the rendering workload by greatly reducing the image quality in the peripheral

vision (outside the zone gazed by the fovea).

frame of reference: Referential objects (e.g., trees, clouds, and frames) that are stationary in a moving scene.
Other similar definitions include visual guide and point of reference.

frame per second (fps): The number of images that can be processed per second.

frame rate: The amounts of frames through a certain device or a transmission link per a fixed duration. The
measurement unit is frames per second (fps).

full high definition (FHD): A term created for a marketing purpose referring to 1920 x 1080 resolution.

galvanic skin response (GSR): One of the most sensitive markers of emotional arousal is galvanic skin
response (GSR), also referred to as skin conductance (SC) or electro-dermal activity (EDA).

handover: The process by which a head-mounted display (HMD) obtains facilities and preserves virtual
reality (VR) content traffic flow upon change from one link to another.

head-mounted display (HMD): A generic term for display devices that are attached to the head.

head tracking: A technique in which tracks the rotational and translational movement of the head-mounted
display (HMD).

inter-ocular distance (IOD): The distance between the ocular lens of the head-mounted display (HMD)
optical systems and eyes.
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interpupillary distance (IPD): The distance between the centers of the pupils of the left and the right eyes.

jitter: The deviation from true periodicity of a presumably periodic signal, often in relation to a reference
clock signal.

motion blur: The apparent streaking of rapidly moving objects in a still image or a sequence of images, such
as a movie or animation.

motion feedback frequency: The frequency that a head-mounted display (HMD) sends collected data, mainly
motion, to a virtual reality (VR) server.

motion sickness: Psychological and physiological symptoms that are caused by discordance between visually
perceived movement and the sense of bodily movement in vestibular organs.

motion sickness susceptibility questionnaire (MSSQ): Motion sickness susceptibility questionnaires,
sometimes called motion history questionnaires, are useful instruments in the prediction of motion sickness
due to a variety of provocative environments.

motion-to-audio latency: Time delay from the head-mounted display (HMD) user’s movement and the
change of sound in HMD caused by the movement.

motion-to-photon latency: Time delay from the HMD user’s movement and the change of view in head-
mounted display (HMD) caused by the movement.

nausea scale: A scale that measures a user’s symptoms of nausea using a score between 0 and 5. Nausea levels
are reported verbally every minute.

network latency: Amount of time that information takes to traverse a system (or from one node to another
node).

no-parallax point: A point on the camera lens resulting in no parallax between foreground and background.
To avoid errors in the panorama image-stitching process, parallax-free images are required and can be obtained
by rotating on the no-parallax point when shooting a panorama image or a 360-degree image.

number of motion axes: The number of directional and rotational factors of optical flow. This number
influences the magnitude of cybersickness and motion sickness.

objective measurement: Quantification of the user’s behavioral and physiological changes. In the study of
cybersickness, objective measures include the user’s magnitude of postural sway and physiological signals,
such as measured by an electroencephalogram (EEG), electrogastrogram (EGQ), or electrocardiogram (ECG),
etc.

ocularity (monocular, binocular, biocular): Type of optical systems used in the head-mounted display
(HMD) determined by the number of video signals. When the video signal is delivered to one eye, it is called
monocular. When two different video signals are delivered to both eyes, it is called binocular. When a single
video signal is delivered to both eyes, it is called biocular.

optical distortion: Distortion occurring in the optical system—often the distorted image is in a barrel or
pincushion shape, depending on the system.

optical flow: The apparent movement of edges, surfaces, and objects in a scene that demonstrates the relative
motion between an observer head-mounted display (HMD) and the observed scene.
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packet error rate (PER): The number of incorrectly received packets divided by the total number of received
packets.

photoplethysmography (PPG): A non-intrusive optical measurement technique that can be used to detect
blood volume changes in the microvascular bed of tissue.

pixel per inch (PPI): A measurement of the pixel density of an electronic image device, such as a computer
monitor or television display.

polygon per second (PPS): The number of polygons that can be processed per second.

positional tracking: A technique that tracks the rotational and translational movement of all objects including
head-mounted display (HMD), controllers, and peripheral devices.

postural stability: The ability to maintain balance using the muscles in your ankles, knees, and hips in
response to movement. Postural stability decreases with fatigue, particularly in the knees and hips.

postural sway: The sense of the positions and movements of a person’s own limbs and trunk, plus the strength
employed in such movements.

reference object: A visual scene or component that provides stationary location or orientation cue, and which
matches the vestibular signal.

refresh rate: The number of pictures that can be processed by the imaging device at one time. The measurement
unit is Hertz (Hz).

response time: The amount of time a pixel in a display takes to change. It is measured in milliseconds (ms).

sensory conflict theory: A working hypothesis to explain the physiological mechanism of motion sickness
and cybersickness. Sensory disparity between the visual and the vestibular systems can induce symptoms of
motion sickness and cybersickness.

sensory mismatch: The discrepancy between different sensations related to orientation and movement,
especially from the visual and the vestibular organs, which causes motion sickness and cybersickness (visually
induced motion sickness [ VIMS], simulator sickness, etc.).

simulator sickness: Psychological and physiological symptoms similar to those of motion sickness, typically
experienced by pilots and drivers who receive simulator training.

simulator sickness questionnaire (SSQ): A standard questionnaire used to measure the magnitude of
simulator sickness symptoms.

six degrees of freedom (6DOF): Six operating elements of a moving object in three dimensional space. 6DOF
can be used to describe rotational movements (roll, pitch, yaw) and translational movements (forward/back,
left/right, up/down).

spatial 3D sound: A technology that allows the user to identify the location of a sound source where sound
is generated. In conjunction with head tracking of the head-mounted display (HMD), the sound is generated
relative to the head direction.

spatial velocity: The velocity of virtual scene movement, as observed in the head-mounted display (HMD),
that represents the speed of the scene movement for the user.
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stereoscopy: Three-dimensional vision with the illusion of depth from two-dimensional images using the
visual difference of both eyes.

stitch: Technique to combine two or more videos to create 360-degree video and minimize the image distortion.

subjective measurement: Quantification of the user’s subjective experiences. In the study of cybersickness,
subjective measures include scores on the Simulator Sickness Questionnaire (SSQ), Nausea scale, fast motion
sickness scale (FMS), misery scale (MISC), etc.

three degrees of freedom (3DOF): Three rotational elements of moving objects in three dimensional space.
The three degrees refer to the roll (x axis), pitch (y axis), and yaw (z axis) rotation operations on X, Y, and
Z axes.

time-warping rendering: A technique in virtual reality (VR) that warps the rendered image before sending it
to the display to correct for the head movement that occurred after the rendering. It is either used to reduce the
latency or maintain the desired frame rate.

tracking sensor: A device for tracking the movement of the user to synchronize with the content.
ultra high definition (UHD): A term created for marketing purposes to refer to at least 3840 x 2160 resolution.

variable bit rate encoding (VBR encoding): An encoding method—as opposed to constant bit rate (CBR)
encoding—where a codec’s output data rate is consumed inconsistently with respect to time.

vection: Visually induced illusions of self-motion experienced by physically stationary observers in a real
environment or in a virtual environment.

vestibular system: The sensory system that provides a sense of bodily movement and balance. It also provides
the spatial orientation for the purpose of coordinating movement.

video tracking: A computer vision technology for finding the position change of a specific object, such as a
person, animal, or car in a video shot by a camera.

viewing angle: The maximum angle at which a display device may be viewed with acceptable visual
performance, described by the angular range or viewing cone, and includes various viewing directions.

virtual reality (VR): Refers to any specific environment, situation, or technology that either simulates actual
reality or creates virtual spaces and objects according to the imagination of humans using computer graphics
or videos.

virtual reality (VR) fidelity: The level of similarity in sensation and perception between real and virtual
environments.

virtual reality (VR) sickness (VRS): Syn: cybersickness.
virtual reality (VR) sickness level (VRSL): User levels for the intensity of VR sickness.

visually induced motion sickness (VIMS): Sensations and perceptions similar to traditional motion sickness
with limited or no physical movement.

wireless head-mounted display (HMD) access distance: The distance from the virtual reality (VR) content
server wireless module to the HMD wireless module, and within that distance the VR HMD should display
without severe interruption.
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3.2 Acronyms and abbreviations

3DOF
3GPP
4K UHD
8K UHD
CBR
CR
EEG
EGG
ECG
FOV
FPS
fps
FHD
GPU
GSR
HDMI
HMD
IMU
10D
IPD
IRB
LAN
LOS
LTE
MIMO
MISC
MPEG
MSSQ
NLOS
PER
PPG
PPI
PPS
QHD

three degrees of freedom

Third Generation Project Partnership
4K Ultra High Definition

8K Ultra High Definition

constant bit rate

contrast ratio
electroencephalogram/electroencephalography
electrogastrogram/electrogastrography
electrocardiogram/electrocardiography
field of view

first person shooter [game]

frame per second

full high definition

graphics processing unit

galvanic skin response

high definition multimedia interface
head-mounted display

inertial measurement unit

interocular distance

interpupillary distance

institutional review board

local area network

line-of-sight

Long Term Evolution

multiple input and multiple output
misery scale

Moving Picture Experts Group

motion sickness susceptibility questionnaire
non-line of sight

packet error rate
photoplethysmography

pixel per inch

polygon per second

quad high definition

quality of experience
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S3D
SSQ
UHD
USB
VBR
VIMS
VR
VRS
VRSL
WAN
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quality of service

stereoscopic 3D

simulator sickness questionnaire
ultra-high definition

universal serial bus

variable bit rate

visually induced motion sickness
virtual reality

virtual reality sickness

virtual reality sickness level

wide area network

4. General architecture

4.1 Introduction

4.1.1 General

This standard describes three areas to consider in order to reduce or control the level of virtual reality (VR)
sickness experienced by the users when they are using the VR content service: 1) VR content design, 2) VR
sickness assessment and measurement, and 3) network requirements related to motion-to-photon latency. In
general, these areas need to be closely examined in order to improve the overall quality of VR experience.
While not directly reducing or controlling the VR sickness, it is beneficial to understand what VR sickness
is so that the role and purpose of VR sickness-reducing technology are clear and can be better utilized. The

following subclauses give an overview of these areas.
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Figure 1—Reference model for the HMD-based VR sickness-reducing technology

Figure 1 shows the reference model for the HMD-based VR sickness—reducing technologies. However, the
scope of this standard only covers VR sickness—reducing parameters for content design, assessment of VR
sickness, measurement of motion-to-photon latency, and network constraint for VR content.

4.1.2 VR content design

This standard describes some of the best practices for the VR content design and implementation that can
reduce the level of VR sickness. The content design parameters mentioned in this standard include content
directing, scene capturing and management, human factors of the content users, head-mounted display (HMD)
devices, and operational environment for playing VR content.

4.1.3 VR sickness assessment

This standard explains the methodology and procedures required to assess the level of VR sickness experienced
by the VR content service users. The methodology and procedure quantify the correlation between the VR
sickness causing parameters and the VR sickness symptoms. The VR sickness causing parameters include
content directing, content scene, human factor, scene capture, HMD device, and operational environment
related parameters. VR sickness symptoms include nausea, eye fatigue, and disorientation.

4.1.4 Measurement and network requirements related to motion-to-photon latency

This standard introduces HMD-specific network topologies based on their use cases. Then, it suggests wireless
transmission technology candidates either available now, or within two years, along with their performance
specifications. Also, the capabilities of these technologies and the requirements are compared to explain the
areas that already satisfy the demands for wireless HMD and the areas that require further development.
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4.2 General design principles
4.2.1 VR content design

This standard describes how to produce VR content that can reduce or control VR sickness. It specifies
which users will use the standard and defines the requirements for each user. Use cases and user scenarios
were presented for typical VR content that users could experience. Considerations for creating VR sickness-
reducing VR content were derived by dividing them into six categorized parameters. These are: content
direction, content scene, human factor, scene capture, HMD device, and operational environment-related
parameters. Each individual parameter was described by dividing it into its needs and requirements, evaluation
methods, and constraints.

4.2.2 VR sickness assessment

This standard deals with methods and procedures for evaluating the level of occurrence of VR sickness
while users experience VR content. We defined the users of this standard and presented the use case and
user scenarios for each user. A framework for evaluating VR sickness is presented and detailed configuration
module design are included. How reference content is produced to evaluate VR sickness is described. It also
describes the methods and procedures of clinical trials. During the clinical trial, the measuring environments
for bio-signals, including the subject’s electroencephalogram (EEG), is described. It also describes how to
evaluate the results of subjects’ clinical trials through a survey.

4.2.3 Measurement model and network requirements related to motion-to-photon latency

This standard describes a measurement model for evaluating the motion-to-photon latency. We described the
overall process of the motion-to-photon latency of the image rendering in the head-mounted display system.
Then, we defined the novel measurement system, which largely consists of a control personal computer (PC),
a head position model-based rotary platform, a pixel luminance change detector, and a digital oscilloscope. In
addition, we described the measurement procedure from the motion detection in the inertial measurement unit
sensor to the rendered image output in the display.

As VR HMDs can be used for different purposes, different network topologies are required. Hence, this
standard is designed to introduce five different use cases.

Several standards organizations, such as The IEEE 802®, Moving Picture Experts Group (MPEG), and Third
Generation Project Partnership (3GPP), have identified the issues that are both related to network and non-
network requirements for VR HMDs. The network-related issues include lower motion-to-photon latency,
higher data transmission rate, low jitter, longer transmission range, better mobility, and low packet error rate.
The non-network related issues include higher frame rate and display resolution.

Several wireless transmission technologies that are under development can be adopted for the upcoming
wireless VR HMDs. Their technical capabilities are described briefly with emphasis on VR HMD
requirements. The capabilities of existing wireless transmission technologies are compared with the
requirements of a wireless VR HMD system. This comparison will help understand which features already
satisfy the requirements and which areas need further enhancement.

5. VR content design

5.1 General

Clause 5 describes user requirements and system specifications to reduce VR sickness when designing and
implementing VR content from the user’s perspective.
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