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Abstract：

This white paper provides a deep insight into virtual reality (VR) experience based on terminal 

innovations, focused on content applications, and guaranteed by networks and platforms. In terms 

of terminal innovations, VR terminals are expected to feature lighter weight, better comfort, higher 

screen resolution, and wider field of view (FOV). In terms of content applications, VR video con-

tents are expected to provide at least 8K panoramas, a frame rate of 60 fps or above to relieve 

motion sickness, and 3D depth-of-field effects to meet the basic requirements for user experi-

ence. In terms of operator networks and Cloud VR platforms, cloud rendering capabilities and 

accelerated large-scale VR applications are expected with the large bandwidth and low latency 

provided by fiber optic and 5G dual-gigabit networks.

This white paper is generally planned by the Video Experience Alliance (VEA) secretariat and work 

group, involving core contributors such as Huawei X Labs and Xidian Media Lab. It is implemented 

by Huawei Global Technical Services (GTS) and the Machine Vision Lab of Capital Normal Uni-

versity. With all members' active participation in subjective tests, domain experts and engineers 

systematically study the key factors affecting VR experience, establish an evaluation model 

framework, and gradually build a VR experience evaluation model by subjective tests complying 

with ITU standards. The evaluation model defines, designs, and quantifies more than 20 indicators 

such as resolution, frame rate, bit rate, FOV, motion-to-photon (MTP) latency, and degree of 

freedom (DOF), concerning the quality of audio-visual immersion experience, presenting experi-

ence, and interaction experience. This white paper marks an important milestone in the process of 

VR experience evaluation standardization. It provides different evaluation modules to meet the 

requirements of operators, device manufacturers, and content providers at different levels and 

from different perspectives. The current model is subject to the subjective test data scale and indi-

cator measurement methods. The VEA and industry partners need to further cooperate to improve 

its accuracy and keep updating.
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Background and Scope

Over recent years, with the continuous development of VR technologies, related industries have been boom-

ing. VR has been widely used in fields that are closely related to people's production and life, such as educa-

tion, entertainment, military affairs, medical care, environmental protection, transportation, and public health. 

Superior to traditional video services, VR services provide multiple perspectives and great interactivity. VR 

users can enjoy a brand-new visual experience, which brings great application value and business potential.

However, existing VR head-mounted displays (HMDs) still have many problems that affect user experience. 

For example, they feature low screen resolution, poor wearing comfort, and long MTP latency (or black edges 

using ATW and ASW). ATW and ASW stand for asynchronous timewarp and asynchronous spacewarp, 

respectively. While conducting subjective tests on user experience, VEA members also carried out surveys on 

user preference for 4K monitors and 4K VR HMDs. According to the survey results, 55.8% of users prefer to 

watch videos on monitors because VR HMDs provide poor wearing comfort and low resolution.

VR devices, contents, and platforms will continuously develop and improve. A VR service experience evalua-

tion model is essential for evaluating current user experience, identifying development bottlenecks, and 

promoting optimization, thereby boosting the E2E industry. Therefore, it produces important practical value.

This white paper systematically analyzes the main factors that affect user experience of VR services[1]. It 

aims to establish an evaluation model framework based on the model integrity and modeling feasibility and 

gradually build a VR service experience evaluation model by subjective tests complying with ITU standards. 

The model can not only comprehensively evaluate user experience of VR services, but also quantitatively 

analyze different influencing factors.

NOTE：[1]VR services include panoramic FOV videos, IMAX movies, interactive games, and interactive 

education. This white paper studies typical experience modeling based on VR videos and games, which can 

be also used for services with similar features. For example, the experience model for interactive games is 

also applicable to interactive education.

55.80%
44.20% 36.50%

32.20%

29.60%

1.70%

User Preferences

VR devices

Reasons for Choosing Monitors

Monitors

Better comfort

High resolution

Poor comfort of 
VR devices

Others

F igure 1-2 User  preferences for  VR dev ices 

and 4K moni tors  and corresponding reasons
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02 Acronyms, Abbreviations, and Terms

2.1  Acronyms and Abbreviations

Acronym and Abbreviation     Full Spelling

VR

HMD

GPU

ITU

KPI

KQI

OTT

MOS

ACR

MTP latency

PPD

DOF

Br

FR

QP

BPP

TCP

UDP

FEC

QoE

QoS

RTT

ATW

ASW

Virtual reality

Head-mounted display

Graphics processing unit

International Telecommunication Union

Key performance indicator

Key quality indicator

Over the top

Mean opinion score

Absolute category rating

Motion-to-photon latency

Pixels per degree

Degree of freedom

Bitrate

Frame rate

Quantization parameter

Bits per pixel

Transmission Control Protocol

User Datagram Protocol

Forward error correction

Quality of experience

Quality of service

Round-trip time

Asynchronous timewarp

Asynchronous spacewarp

The following acronyms and abbreviations are applicable to this white paper.
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 2.2  Terms and Definitions

Term                     Definition

Quality level of hardware operations, service operations, and content display 
perceived by users during service provisioning

A key factor that affects the quality level of hardware operations, service operations, 
and content display perceived by users during service provisioning and can be 
represented as an objective experience quality parameter

A factor that can be used to measure the quality level of service implementation and 
content display during service provisioning and can be represented as an objective 
experience quality parameter

A horizontal display resolution of over 2000 pixels. The mainstream 2K resolution is 
2560x1440 (Quad HD). 2048x1536 (QXGA), 2560x1600 (WQXGA), and 2048x1080 
are also 2K resolutions.

A horizontal display resolution of approximately 4096 pixels. In most cases, 4K 
refers to 4096x2160. 4096x3112 (Full Aperture 4K), 3656x2664 (Academy 4K), and 
3840x2160 (UHD TV) are also 4K resolutions.

At the VR video on demand (VOD) request of a user, the system searches for the 
program information stored in the program source library, and then transmits the 
program to the user terminal through the transmission network in the form of video 
and audio streams.

At the VR video streaming request of a user, the system transmits real-time video 
and audio streams to the user terminal through the transmission network.

Picture line-up generation equipment, a greyscale test pattern used to adjust the 
black level and contrast of a picture monitor

A standard illuminant

Performance of a specific service provided by networks using various technologies

A network KPI that directly affects service implementation and service quality

Quality of user 
experience

Quality of service

Key parameter of user 
experience

Performance 
parameter of service

Performance 
parameter of network

2K resolution

4K resolution

VR video on demand

VR video streaming

PLUGE

D65

The following terms and definitions are applicable to this white paper.



An E2E VR system generally consists of a terminal, a network, and a content server. The content server can 

be a local server or a cloud host or server, as shown in Figure 3-1. After receiving a user action or instruction, 

the terminal sends it to the content server. The content server transmits the corresponding content data to 

the terminal after completing procedures such as logical computation, rendering, encoding, and compres-

sion. The terminal then decodes the content data and displays the content on the screen.

With the development of cloud-based rendering technologies and 5G networks, Cloud VR is an inevitable 

trend of the VR system architecture. However, its serial processing including cloud rendering, video stream-

ing, data transmission, and HMD refreshing probably causes increased MTP latency. Currently, this impact 

is mitigated by action prediction and terminal-cloud asynchronous rendering. In asynchronous rendering, the 

cloud renders basic images based on the posture and position information uploaded by the terminal. At the 

same time, the terminal performs secondary rendering (such as rotation, translation, and warp) on locally 

rendered images according to the real-time posture and position information to generate real-time display 

images. Typical secondary rendering algorithms include ATW and ASW. ATW is used to process head 

posture changes, and ASW is used to process head position changes. In secondary rendering, the FOV that 

exceeds the original basic rendered images will generate black edges or trailing smears. In this case, the 

user-perceived MTP latency is low. Therefore, whether the system uses action prediction or terminal-cloud 

asynchronous rendering should be considered in VR user experience evaluation.

 3.1 VR System Overview
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However, action prediction and terminal-cloud asynchronous rendering cannot be used to resolve possibly 

long operation response delay in most strong-interaction services. For example, in shooting games, the time 

a player pulling the trigger cannot be predicted. For these services, 5G networks providing high bandwidth 

and low latency are required.
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Terminal Network
Content server or  cloud 

rendering host

Figure 3-1 VR system arch i tecture

Screen response

Decoding and 
decompression

Image update

Network 
protocols

IMU 
sensor/camera Local 

video/game 
contents

Uplink action data stream

Downlink video data stream

Analog-to-digital 
conversion

Video/Game contents

CPU processing Signal 
transmission

3.2 Experience Requirements

VR services are expected to provide the best user experience so that users cannot distinguish the virtual 

world from the real world. Based on the actual perception in the real world, the comprehensive user experi-

ence is affected by multiple factors, such as the terminal, network, platform, and content. Table 3-1 lists the 

key experience requirements. With the development of technologies, tactile, olfactory, and temperature 

senses will also become important experience requirements of VR services in the future.
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Table  3-1 VR exper ience requi rements  and in f luenc ing factors

Experience Requirements
Influencing Factors

Terminal Network Platform Content

Immersion 
experience

Clear images

Smooth images

High image quality

3D images

High audio quality

Spatial audio

Large FOV

No image distortion

No frame freezing

No artifacts

No motion sickness

No black edges or 
trailing smears

Audio and video 
synchronization

Multiple DOF

Quick operation 
response

Accurate operation

Quick content loading

Great wearing 
comfort of HMD

Long standby time 
of HMD

High portability 
of HMD

No visual fatigue

Visual impairment
-friendly

Presenting 
experience

Interaction 
experience

Device 
experience

Technical White Paper on Virtual 
Reality Experience Standards



Any limitation of the terminal, network, platform, or content will affect user experience of VR services. VR 

video services and strong-interaction services have similar audio-visual experience requirements and are 

evaluated by basically the same key performance indicators (KPIs).

●  The upper limit of the audio-visual experience of VR services is determined by the content source. 

The main factors that affect the content source quality are as follows: 

—  Content resolution, indicating a measure of the fineness of images and videos. 

—  Content frame rate, indicating the frequency at which consecutive images called frames is displayed. A 

higher frame rate generates smoother images. 

—  Bit rate, indicating the data volume used by a video file per unit of time. With a specific video encoding 

algorithm, a higher bit rate generates clearer video images and higher image quality.

●  The audio-visual experience of VR services is also closely related to the decoding and display perfor-

mance of terminals. The VR HMD performance is represented by the following three parameters: 

—  Pixel per degree (PPD), indicating a measure of the resolution of the VR HMD screen. 

—  Refresh rate, indicating the number of times the VR HMD screen obtains new images from the graphics 

processing unit (GPU) per second. 

—  FOV

 Larger values of these three parameters indicate better performance of a VR HMD.

●  The audio-visual experience of VR services is also affected by the platform processing capability. For 

example, if the number of interactive VR game players exceeds the rendering processing capability of the 

platform, the frame rate of GPU rendering may decrease, affecting the game fluency.

●  The presenting experience impairment of VR services is related to the transmission network perfor-

mance. The bandwidth, packet loss rate, latency, and jitter of the transmission network may impair the VR 

service experience.

In addition, as VR devices are directly worn on the head, their wearing comfort is mainly subject to four 

factors: weight and dimensions, heat generation and dissipation, facial fitness, and air permeability.

User experience of strong-interaction services is affected by the number of interaction dimensions, interac-

tion response delay, and interaction positioning accuracy. The number of interaction dimensions currently 

refers to that supported by the HMD and control handle. With future evolution of application scenarios, more 

body parts may be required to support multi-dimensional interaction. The interaction response delay 

includes head MTP latency, body MTP latency (multiple parts may be involved), and operation response 

delay (such as pulling the trigger).

However, it is not feasible to involve all these factors and related KPIs in experience evaluation currently. 

This paper studies three categories of key factors that affect user experience of VR services in terms of 

immersion experience, presenting experience, and interaction experience based on the measurable KPIs. 

For details, see section 3.4 "Model Framework."
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To ensure model integrity and modeling feasibility, the evaluation model framework is established using the 

hierarchical mapping technique. This avoids cross tests for a large number of parameters, controls the test 

quantity in subjective tests, and facilitates analysis and establishment of an evaluation model. Figure 3-2 

shows the framework of a VR service experience evaluation model.

●  The immersion experience quality involves the visual quality (influenced by both VR stereoscopic vision 

and FOV) and audio quality. Without the experience impairment impacts such as frame freezing and 

artifacts, immersion experience quality is used to represent the immersive experience that a user sees and 

hears when viewing a VR video. Related KPIs such as resolution, frame rate, bit rate, and encoding parame-

ters are determined by the content source and HMD capability. The evaluation model uses the lower values 

between the content source and HMD capability indicators (such as the content source resolution and the 

maximum resolution supported by the HMD) as the actual input parameters.

●  The presenting experience quality is used to indicate the experience impairment affected by the data 

transmission quality on the network. It is related to black edges, frame freezing, and artifacts caused by 

transmission bandwidth, delay variation, and packet loss during VR service application.

●  The interaction experience quality is affected by the number of interaction dimensions supported by the 

system and interaction response delay. Interactive services, especially interactive gaming, have stricter 

requirements on latency.

●  Besides immersive experience, users performing interactive services particularly focus on interactive 

experience, that is, the sense of presence. The VEA defines the sense of presence involving immersion 

experience quality, interaction experience quality, and presenting experience quality as VR_MOS.

 3.4  Model Framework
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Figure 3-2 VR serv ice exper ience eva luat ion model  f ramework
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NOTE：In addition to tactile, olfactory, and temperature senses, the wearing comfort of VR HMDs has not 

been systematically included in the evaluation model. This is because that only the HMD weight is a quantifi-

able indicator. Other factors, such as materials, ergonomic design, and wearing mode, cannot be objectively 

quantified and used as input parameters of the model. In this paper, the VEA members include the relation-

ship between the HMD weight and the wearing comfort as part of the study. For details, see section 5.5 "Sub-

jective Test Data Examples."

VR video or gaming services are eventually presented to users through terminals. Therefore, the parameters 

that affect VR video and gaming services can be obtained based on network packets captured on terminals, 

terminal system information, and video information reflected by players. (For VR games, a cloud GPU host is 

required to provide parameters such as audio and video encoding mode and audio channel quantity.)

Parameters can be collected by using software and hardware devices such as VR HMDs and VR players. 

Alternatively, network probes deployed at different locations on the network can be used to collect parame-

ters in order to assist in fault locating and diagnosis. When parameters are collected from terminals, the 

calculated service quality has high precision. However, terminal compatibility is required. When parameters 

are obtained from network probes, the calculated service quality has low precision because network devices 

cannot use the bit stream model and hybrid model to collect interaction experience data.

Based on collected parameter processing, KPIs (related to NEs) and KQIs (related to services) can be 

obtained. The KPIs and KQIs form the quality of service (QoS) for VR video and gaming service quality analy-

sis. The quality of experience (QoE) indicates user perception and can reflect user experience of services to 

some extent based on KQIs. Some indicators, such as MTP latency, need to be customized on the rendering 

host and HMD terminal for measurement.
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Table  4-1 Immers ion exper ience qual i ty  parameters

No.      Parameter    Abbreviation    Description

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

Br
v

FR

Rh 

Rv

RSh

RR

NVC

Codecv

FoVh

Bra

NAC

Codeca

Sra

Tasyn

Video Bitrate

Video Frame Rate

Resolution (Horizontal)

Resolution (Vertical)

Screen Resolution (Horizontal)

Screen Refresh Rate

Number of Video Channel

Video Codec

Field Of View

Audio Bitrate

Number of Audio Channel

Audio Codec

Audio Sampling Rate

Asynchronous Time

Table 4-1 describes the input parameters for the immersion experience quality of VR services.

04 VR Service Experience Indicators

4.1 Input Parameters for Immersion Experience Quality

Video data volume transmitted per unit of time (bit/s)

Number of VR video/game frames per second (fps)

Audio data volume transmitted per unit of time (kbit/s)

Number of VR video/game pixels in the horizontal direction

Number of vertical pixels in a VR video/game

Number of horizontal pixels in a monocular VR HMD screen

Number of VR HMD screen refresh times per second (Hz)

Monocular vision (1) or stereoscopic vision (2)

Video encoding standards, such as H.265/HEVC, 
H.264/AVC, VP9, and AVS2/3

Horizontal monocular FOV of VR HMD

Stereo sound (2) or surround/spatialized sound (8)

Audio encoding standards, such as AAC-LC, Opus, and DD+

Audio sampling frequency (Hz)

Audio and video synchronization delay of VR videos/games 
(second)
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Table  4-3 In teract ion exper ience qual i ty  parameters

Table  4-2 Present ing exper ience qual i ty  parameters

No.      Parameter    Abbreviation   Description

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

Head MTP Latency

Head MTS Latency

Body MTP Latency

Operation Response Delay

Degree of freedom

Spatial Interaction Accuracy

Table 4-3 describes the input parameters for the interaction experience quality of VR services.

Table 4-2 describes the input parameters for the presenting experience quality of VR services.

4.3  Input Parameters for Interaction Experience Quality

4.2  Input Parameters for Presenting Experience Quality

Lapse between a head rotation and an image refresh (ms)

Lapse between a head rotation and an audio direction 
change (ms)

Lapse between a body movement and an image refresh (ms)

Lapse between a user operation and an operation 
response (ms)

Number of spatial dimensions supported by the VR system for 
interaction and operation, which can be represented by both 
the number of nodes (such as the head, hand, and body) that 
support interaction and the number of interaction dimensions 
supported by each node.

Positioning error of interactions, such as head tracking, 
motion capturing, gesture recognition, and direction tracking

DOF

SIA

MTPh

MTSh

MTPb

Tor

No.      Parameter   Abbreviation     Description

4.2.1

4.2.2

4.2.3

4.2.4

Re-buffering Time

Re-buffering Frequency

Packet Loss Rate

Black Edge Rate

Average frame freezing duration in the process of VR video or 
gaming services (second)

Number of frame freezing times divided by total 
duration of VR video or gaming services

Application data loss rate (%)

Proportion of black edges to the image in secondary render-
ing when the head rotates or moves (%)

Tr

RF

PLR

Pblack

Technical White Paper on Virtual 
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VR_MOS indicates the overall sense of presence of VR videos and games. Table 4-4 describes the output 

parameters.

4.4  Output Parameters for the VR_MOS Model

Table  4-4 Model  output  parameters

No.    Parameter    Abbreviation     Description

4.4.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

Visual Quality

Audio Quality

Interactive Response Quality

Spatial Interaction Quality

Immersion Experience Quality

Presenting Experience Quality

Interaction Experience Quality

Virtual Reality MOS

Score for the video fidelity

Score for the audio fidelity

Score for the interaction delay

Score for the DOF and interaction accuracy

Score for the immersion experience based on VR image and 
audio fidelity

Score for the impact of network transmission quality, such 
as packet loss rate and delay, on VR experience quality

Score for the experience of interactions between VR content 
and devices.

Comprehensive score of VR user experience quality

QV

QA

QIR

QSI

QImE

QPE

QInE

VR_MOS



NOTE：[2] For details about the definition of image quality, see section 6.2.1.1 "Picture Quality QP."

5.1.1 General Test Conditions

16

VR video and gaming evaluation, especially involving user experience, needs to be implemented 

using subjective evaluation methods. Subjective evaluation measurements can directly predict 

the reaction of users who may use the system under test. In this regard, using objective methods 

may not be able to comprehensively describe the system characteristics. Therefore, it is neces-

sary to use subjective measurement as a supplement to objective measurement.

Subjective evaluation methods for VR videos and games comply with standards such as ITU-R 

BT.500 and ITU-R BT.1788. A standard-compliant test environment is provided for observers 

to give subjective evaluation on the experience quality of test materials according to the evalua-

tion standards. The scores given by observers are processed to obtain subjective scores for test 

videos, which are then used to establish a user experience evaluation model.

●  5.1.1.1 Test Environment

The following test environment requirements must be met to achieve optimal test results:

a)    Temperature: 25°C   to 28°C

b)    Humidity: 45% to 65%

c)    Screen brightness and contrast: Compliant with PLUGE test specifications

d)    Background: Compliant with D65

●  5.1.1.2 Test Materials

In terms of time domain, eight 5-second original YUV video sequences with 4K resolutions of 

3840x1920 and a frame rate of 120 fps are used for subjective tests. The videos are extracted to 

video sequences with frame rates of 60 fps, 30 fps, and 15 fps to establish a relationship between 

the frame rate and image quality[2]. In terms of space domain, the original sequences are downs-

ampled into different resolutions, bit rates, and pixel densities to establish a relationship between 

the original sequence and image quality.

05 Subjective Tests and Analysis Methods

5.1 Subjective Test Methods

Technical White Paper on Virtual 
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●  5.1.1.3 Observer

a)    Vision acuity and color vision

Before tests, the observers should be screened to have normal visual acuity (corrected) to the 

Snellen E or Landolt C eye chart and have normal color vision (corrected) based on specially 

selected color plates (such as Ishihara color blindness test plates). At least 15 observers must 

be involved. The number of observers required depends on the sensitivity and reliability of the 

test program and the expected scope of evaluated impacts.

b)    Gender ratio

The recommended gender ratio in observers is 1:1. This can be changed as appropriate, but the 

ratio of males to females shall not exceed 6:4.

c)    Age range

The observers are between the ages of 20 and 50.

d)    Occupation

Observers include students, teachers, company employees, and government officials.

e)    Test Experience

It is recommended that observers have a basic understanding of VR video and gaming services 

and have not participated in subjective VR experience tests over the past six months.

●  5.1.1.4 Evaluation Instructions

The observers should be given a detailed introduction of the evaluation methods, types of impair-

ments or quality factors that are likely to occur, rating scale, sequences, and timing. A training 

sequence should be used to describe the range and types of impairments to be evaluated. The 

images used must be different from those used in the tests, but have comparable sensitivity.

●  5.1.1.5 Test Phase

Demonstrations should be played in a random order, but the order of test conditions should be 

arranged to ensure that the impacts of fatigue or adaptation on rating can be balanced between 

different test phases. To check coherence, some demonstrations can be repeated at different test 

phases.



The existing commercial VR HMDs provide low pixels per degree (PPD). Therefore, 4K monitors are used for 

equivalent tests to obtain the impact of a complete range of PPD on videos. For details, see section 5.3 "PPD Test 

Scope Building."

5.1.2  Special Test Method

5.1.3  Subjective Test Process

5.1.4 Subjective Scoring Method

Figure 5-1 Sequences and scor ing in  a  subject ive  test  us ing the SSM
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The subjective test uses the single stimulus method (SSM). In this method, test sequences are 

presented separately in a random order, preferably different for each observer. Observers score 

only the presented test sequences in terms of quality. Each test sequence is presented only 

once.

As Figure 5-1 shows, in a subjective test on immersion experience quality, an observer scores 

sequences during the intervals between them. As for the test on a VR HMD, an observer can 

determine how long a scoring lasts by clicking a button to play the next sequence after complet-

ing scoring.

ITU-R BT.500 defines a 5-grade scale that assesses video quality and impairment. This scale also applies to measur-

ing the MOS for VR video/game experience. That is to say, observers score videos in terms of quality and impairment 

based on their experience. Table 5-1 lists the 5-grade scale.

Sequence Ai Sequence Bj
Gray 
background

Gray 
background

Scor ing Scor ing Scor ing

Sequence Ck

Approx.  10s Approx.  10s Approx.  10s≤10s ≤10s
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Table  5-1 ITU-R BT.500-def ined 5-grade sca le

Figure 5-2 Basic  s t ructure of  the sub ject ive  test  p la t form for  VR serv ices

19

The subjective test platform for VR services quantitatively controls the input parameters at the factor input layer, 

provides different VR experiences for observers, and supports subjective scoring. Figure 5-2 shows the basic structure 

of this platform. It consists of three modules. 

1） VR content service: This module distributes VR content to VR HMDs.

2） Terminal service and technical parameter data: This module is based on VR HMDs. Test scenarios with different 

quality and DOF are presented to observers based on different test purposes. The module also feeds back related 

technical parameter values to the user data cloud host.

3） Subjective experience data: This module is deployed on the cloud host. It records and collects subjective test scores 

provided by observers.

5-Grade Scale

Quality

5 Excellent

4 Good

3 Fair

2 Poor

1 Bad

5 Imperceptible

4 Perceptible, but not annoying

3 Slightly annoying

2 Annoying

1 Very annoying

Impairment

5.2  Subjective Test Platform for VR Services

Test scenario

Action data & subjective scores

Audio and video data

HMD

Content and user 

data cloud host

Impairment 
emulator



The software and hardware involved in the subjective test platform include: 

1.   HTC Vive Pro

2.   Pico G2

3.   Pico Neo

4.   Skyworth V901

5.   2K monitor (refresh rate 144 Hz)

6.   4K monitor (refresh rate 90 Hz)

7.   High-performance cloud GPU host

8.   VR player

9.   VR scoring software

10.   6-DOF HMDs, 6-DOF handles, and their test and control software

The indicator PPD is introduced to measure pixel density and study the impact of resolutions on user experience. A test 

scenario of 10 to 90 PPD requires the FOV of a VR HMD to be 110° and a monocular resolution to be 1K to 10K. 

However, the maximum monocular resolution of current commercial VR HMDs is only 2K, leading to low PPD. There-

fore, 32-inch 4K monitors are used for PPD equivalent tests to obtain the impact of a complete range of PPD on picture 

quality. The test data and HMD-based test data are used for model training. The test video (Video pixel: Screen pixel = 

1:1) is played. (If the video pixel is lower than the screen pixel, video pictures will not extend to the full screen). Users' 

viewing distances are adjusted to control PPD test sequences, as shown in Figure 5-3.

NOTE：

●  PPD specifies the average number of pixels within each 1° in the FOV. Larger PPD indicates finer and clearer 

pictures and better visual experience.

●  The existing commercial VR HMDs provide low PPD and refresh rates. Therefore, 2K and 4K monitors are used for 

equivalent tests to obtain the impact of PPD on picture quality.

F igure 5-3 Equiva lent  PPD test  method
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5.3 PPD Test Scope Building

Resolution < 3840x2160 Resolution = 3840 x2160
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For VR games, the following scenarios are built for multi-DOF interaction experience quality test with an aim 

of quickly breaking balloons.

1.  Head 3 DOF, hand 3 DOF, and the ray/touch-breaking bubble are configured with different interaction 

latencies. The inherent MTP latency of the subjective test platform is about 27 ms.

2.  Head 6 DOF, hand 3 DOF, and the ray/touch-breaking bubble are configured with different interaction 

latencies.

3.  Head 6 DOF, hand 6 DOF, and the ray/touch-breaking bubble are configured with different interaction 

latencies.

Table 5-3 defines the DOF scenario numbers to be used as evaluation model input.

Table  5-2 Equiva lent  PPD for  a  32-inch 4K moni tor

Table  5-3 DOF scenar ios

Table 5-2 lists the relationship between equivalent PPD, video resolutions, and viewing distances.

Test Sequence Resolution

734*413

1100*619

1467*825

2200*1238

2934*1650

3840*1920

FOV

73.3°

73.3°

73.3°

73.3°

73.3°

64°

PPD

10

15

20

30

40

60

36.3

27.2

36.3

27.2

36.3

56.7

Viewing Distance (cm)

5.4 Multi-DOF Interaction Experience Quality Test for VR Games

  

Scenario

DOF 
Scenario No.

Test No.

7

Head 3 DOF + Hand 3 
DOF + Operation 1 DOF 
game

Head 6 DOF + Hand 3 
DOF + Operation 1 DOF 
game

Head 6 DOF + Hand 6 DOF + 
Operation 1 DOF game

1

10

2

13

3  
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●  Subjective test data about the impact of PPD on picture quality

Figure 5-4 shows picture quality scores of different PPD when the frame rate is 30 fps in an HD test sequence (QP = 22, pixel 

bitbefore compression = 12, compression rate = 57, BPPafter compression = 0.21[3]).

The picture quality scores improve with the increase in PPD. However, after PPD reaches 60, picture quality improves 

very slowly. Additionally, given the same PPD, the quality of common video pictures (such as Beauty and YachtRide) is 

higher than that of game pictures (such as Battlefield). With dynamic blur technology, common videos are displayed 

smoothly when the frame rate is 30 fps. However, game pictures are generated in real time, and observers can sense 

frame switching when the frame rate is 30 fps.

F igure 5-4 Relat ionship  between PPD and p ic ture qual i ty
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5.5 Subjective Test Data Examples

NOTE：[3] Bits per pixel (BPP) indicate the number of encoded bits per pixel. (BPPafter compression = Bit per pixel before 

compression/Compression rate)
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●  Subjective test data about the impact of VR HMD weights on picture quality

The wearing comfort of VR HMDs is one of the factors that affect the comprehensive user experience. It is related to 

factors such as weight, wearing mode, contact materials, and ergonomic design of the VR HMDs. However, only weight 

is used as a quantitative input parameter of the experience evaluation model. Wearing comfort is currently not included 

in this model. Figure 5-5 shows the subjective test data about VR HMD weights and wearing comfort. Generally, HMD 

weights are negatively correlated with wearing comfort. If an HMD is heavy, wearing comfort is greatly affected by other 

factors.

F igure 5-5 Relat ionship  between HMD weights  and wear ing comfor t
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v60v59 v61

0.25 0.25 0.045

VR_MOS=min(max((QImE-1)×(1-v59x(5-QInE)-v60x(5-QPE)-v61x|QInE-QPE|)+1,1),5) (1)

VR_MOS = f (QImE, QPE, QInE). The comprehensive evaluation model of VR service experience involves three modules: 

immersion experience quality QImE, presenting experience quality QPE, and interaction experience quality QInE. Evaluation 

scenarios are classified into session scenarios and real-time scenarios. In a session scenario, a user views a VR video 

or plays a VR game for more than one minute. A real-time scenario is introduced for real-time quality monitoring.

Particularly, an HMD processes packet loss with the packet loss concealment mechanism or without the packet loss 

concealment mechanism. If the packet loss concealment mechanism is used and packet loss occurs during a 

video/game, the decoder discards faulty frames and video/game freezing occurs. If the packet loss concealment mech-

anism is not used, the decoder plays the faulty frames, and therefore artifacts and freezing occur.

In this formula, v59 to v61 are model coefficients. Their values are as follows:

06 VR Service Experience Evaluation Model

6.1 Model Overview
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6.2.1 Immersion Experience Quality QImE

（2）

（3）

（4）

（5）

QP=f1(Codecv,Brv,FR,(Rh,Rv))

QV=f2(QP,NVC,FoVh)

QA=f3(Codeca,Bra,NAC)

QImE=f4(QV,QA,Tasyn)

No.

1.a

1.b

1.c

1.d

1.e

1.f

1.g

1.h

1.i

1.j

1.k

1.l

1.m

1.n

Variable for Calculation

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

Description

Average video bit rate

Number of video frames per second

Number of horizontal video pixels 

Number of vertical video pixels

Number of horizontal pixels in a monocular screen

Screen refresh times per second

Horizontal monocular FOV

Average audio bit rate

Audio sampling rate, for example, 48 kHz

Audio and video synchronization delay

Monocular vision (1) or stereoscopic vision (2) 

Video encoding standards, such as 
H.265/HEVC, H.264/AVC, VP9, and AVS2/3

Stereosound (2) or surround/spatialized sound (8) 

Audio encoding standards, such as AAC-LC, Opus, and DD+ 

Variable

FR

RR

NVC

NAC

Brv 

Rh 

Rv 

Rsh 

Codecv 

FoVh 

Bra 

Codeca

Sra 

Tasyn 
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NOTE：

●  4.1.1 indicates the first indicator in section 4.1 "Input Parameters for Immersion Experience Quality.", which is corre-

sponding to the first variable 1.a in this section.

●  In this white paper, video quality refers to the VR visual experience quality affected by the FOV and stereoscopic 

sense. To better observe the impact of indicators such as frame rates and resolutions on the traditionally defined picture 

quality, researchers retain the concept of picture quality QP and use it as an important element of modeling.

●  According to the ITU-defined video experience modeling specifications, this white paper builds the QP evaluation 

model based on Mode0, that is, lightweight modeling based on stream layer information.

6.2 Overview of Three Modules



NOTE：For definition of Pblack in formula (10), see section 6.2.2 "Presenting Experience Quality QPE."

FOV indicates the field of monocular view. v1 to v9 are model coefficients and the following table lists their values.

(7) (8)

(9)

BPP=
           BPF

          Rh×R
BPF=

         Br    (bps)

         FR(fps)

        v

                v

        

Rh≤RSh×

PPD=

         Rh

         360

         Rsh

         FOV

         360

         FOV

Rh＞RSh×
         360

         FOV

(10)FOV= ×FoVh

         ∑
N

i=1

(1-Pblack)

N

(   ×exp(   ×FR)+   ），1
min max ,5 ,FR≤RR

,FR＞RRmin max

QP=

v1

v1

v7

v7

v8 v9

v2

v8

v2

v3

v9

v3

v4 v4

v4 v4

v5

v5

v6

v6(   ×exp(   ×BPP)+   ）×(1+    -    /(1+(PPD/    )    ))×

(   ×exp(   ×RR)+   ），1
,5

Rh＜RSh

PPD=

         Rh

         FOV

         Rsh

         FOV
Rh≥RSh

Service Type

Game

Video

Encoder

H.265

H.264

VP9

H.265

H.264

VP9

v1

-0.3616

-0.3616

-0.3616

-0.3616

-0.3616

-0.3616

v2

-20.31

-14.21

-17.26

-20.31

-14.21

-17.26

v7

-1.39

-1.39

-1.39

-1.3

-1.3

-1.3

v3

0.8632

0.8632

0.8632

0.8632

0.8632

0.8632

v4

3.305

3.305

3.305

3.305

3.305

3.305

v5

11.816

11.816

11.816

11.816

11.816

11.816

v6

1.82

1.82

1.82

1.82

1.82

1.82

v9

1.44

1.44

1.44

1.408

1.408

1.408

v8

-0.033

-0.06

-0.033

-0.06

-0.033

-0.06

(6)
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●    6.2.1.1 Picture Quality QP

Picture quality QP is evaluated based on video encoding, VR HMD resolution, and refresh rate. Its evaluation model is 

as follows:

The PPD of panoramic videos is calculated as follows:

The PPD of FOV videos is calculated as follows:
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(11)QV=max(min(   10QP+  11FoVh+  12,5),1)v v v

Stereoscopic Vision

Monocular Vision 0.595

0.655

v10 

0.020

0.016

v11 

-0.735

-0.342

v12

(12)QA=
         

        
         Bra

        
1+

v16 v17

v13

v14

v15

× +

Spatialized Sound

Stereosound 4

4.2

v13 

47.100

42

v14

2.134

1.25

v15

0.81

0.96

v16

0.3

0.04

v17
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●    6.2.1.2 Video Quality QV

Video quality QV is evaluated based on picture quality QP and horizontal FOV of VR HMDs. Its evaluation model is as 

follows:

●   6.2.1.3 Audio Quality QA

If the audio frequency is 48 kHz, the sampling bit depth is 16, and the type of audio channel is stereosound or spatialized 

sound. Audio quality QA is evaluated as follows:

In this formula, v13 to v17 are model coefficients and their values are as follows:

In this formula, v10 to v12 are model coefficients and their values are as follows:

The formula for QP has the following characteristics: 

1） The model parameters involve a wide range of factors, including pixel density, bit rate, and frame rate of future VR 

HMD and panoramic videos.

2） Camera-based videos and computer graphics (CG) games are both involved.

3） With the increase in encoding bit rates, the value of QP gradually increases.

4） With the increase in PPD, the value of QP also increases. When QP is greater than PPD, the value of QP changes 

slowly.



6.2.2 Presenting Experience Quality QPE

(13)QImE=max(min(max(     Qv+    QA+    QVQA+     ,1),5)·min(    ·exp(    ·Tasyn)+      ,1),1)v18 v19 v20 v21 v22 v23 v24

0.9534

v18 

0.1954

v19

-0.01747

v20

-0.3466

v21

1.156

v22

-3.72

v23

0.141

v24

(14)QPE=f5(Tr ,RF,PLR,Pblack)

Variable for Calculation

4.2.1

4.2.2

4.2.3

4.2.4

No.

2.a

2.b

2.c

2.d

Variable

RF

PLR

Pblack

Tr 

Description

Total freezing duration during a VR video/game, 

including the initial buffering duration

  Freezing frequency in one playback 

  (Number of freezing times/Playback duration)

Application data loss rate 

Maximum ratio of black edges to the viewport 

when current pictures are not ready due to 

head rotation during a VR service.

(15)

(16) (17)

QC =max((v
42

v
43

v
44

v
45

v
46

v
47

v
49

v
48

×In(Tr+    )+    )×(     ×In(RF+     )+    )×(    ×exp (    ×Pblack )+     ),1)  v
50 v

51

 µ+ ×
= r initialN NRF

T

1

µ
=

× +
=

+

∑
n

initial i
i

r
initial r

t t
T

N N
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●    6.2.1.4   Immersion Experience Quality QImE

Immersion experience quality QImE is evaluated based on video quality, audio quality, and audio-video synchronization. 

Its evaluation model is as follows:

●    6.2.2.1 Audio-Visual Continuity QC

Audio-visual continuity QC is evaluated mainly based on freezing and black edges when the current picture is not ready 

due to head rotation. Its formulas are as follows:

In this formula, v18 to v24 are model coefficients and their values are as follows:
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Nr indicates the number of freezing times. μ is equal to 0.1. T indicates the total duration of a VR video/game. 

ti indicates the duration of the ith freezing. tinitial indicates the initial buffering duration. If no initial buffering 

exists, its value is 0. If initial buffering exists, its value is 1. v42 to v47 are model coefficients and their values are 

as follows:

v42 v43 v44 v45 v46 v47 v48 v49 v50 v51

-0.3707 0.1408 1.842 -0.4741 1.565 2.167 -0.4 0.4231 0.3267 1.4

●     6.2.2.2 Audio-Visual Integrity QI

Audio-visual integrity QI is evaluated based on picture damages (artifacts) caused by packet loss during UDP-based 

transmission, as well as experience impairment caused by black edges when the current picture is not ready due to 

head rotation.

If UDP-based transmission is used and FEC is not used, the formula for QI is as follows:

PLR indicates the data loss rate. For example, if the loss rate is 0.3%, then 0.3 is used for calculation.

If FEC is used, the formula for QI is as follows:

FLFEC indicates the FEC failure rate. In this case, the proportion of FEC data must be considered during the calculation 

of the video encoding bit rate Brv.

In this formula, Brv' is an actual video bit rate after FEC redundancy is removed. RFEC indicates the proportion of redun-

dant FEC data. It is noted that, if FEC is used, Brv in the formula (8) needs to be replaced with Brv'.

v52 to v57 are model coefficients and their values are as follows:

(18)( )( )50v

v53

( )( ) ( )( )( )50v

(19) ( )1′v v  FEC

3.95

v52

0.052

v53

1.05

v54

3.98

v55

0.33

v56

1.02

v57
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(22)

(23)

( )1−Q   STSession     Q  STSession      Q STInstant

( () )CQ  STSession     StallingRatio         StallingRatio

The real-time scores of QI can be calculated using the formula (18) or (18'):

The session score of presenting experience is calculated based on the current real-time score and the previous-ses-

sion score using the α filtering function. The α filtering coefficient is affected by the real-time sampling segment 

duration and the playback duration of a VR video/game.

If QC is involved, the following formula is used:

Herein, an alternative processing method is used to map QC between 0 and 1, and the StallingRatio variable in formula 

(23) is replaced. Therefore,

●     6.2.2.3 Presenting Experience Quality QPE

If the packet loss concealment mechanism is not used for the transmission protocol/algorithm, presenting experience 

impairment may include freezing, artifacts, and black edges (in this case, both QC and QI are involved); alternatively, 

presenting experience impairment may only include artifacts and black edges (in this case, only QI is involved and 

Huawei Cloud VR based on UDP+FEC is typically used.) 

If the packet loss concealment mechanism is used for the transmission protocol/algorithm, presenting experience 

impairment only includes freezing and black edges (in this case, only QC is involved and Cyber Cloud VR based on TCP 

is typically used.)

The real-time scores of QC can be calculated using the formula (15):

(20)=
C CQ STInstant Q

(21)=
I IQ BLInstant Q

(24)
 

CQ  STSession
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(29)

No.

3.a

3.b

3.c

3.d

3.e

Variable

MTP h

MTS h

MTP b

Tor

DOF

Description Variable for Calculation

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

6=Q   f  DOF MTP  MTP  T

Lapse between a head rotation and a picture refresh

Lapse between a head rotation and an audio direction change

Lapse between a body movement and a picture refresh

Lapse between a user operation instruction and a response in pictures

Spatial movement method of an object

(25)

(26)( ) ( )

( )1−

IQ BLSession        BlockingRatio        BlockingRatio

(28)

         


=



C

PE I

I

(27)

 

IQ  BLSession I I

If QI is involved, the following formula is used:

Finally, the presenting experience quality evaluation model is as follows:

The artifact ratio (BlockingRatio) of a VR video/game is difficult to measure. Therefore, this ratio can be estimated based 

on parameters such as the packet loss rate and FEC failure ratio. Specifically, QI is mapped between 0 and 1, and the 

BlockingRatio variable in formula (26) is replaced. Therefore,

 

NOTE：

a)   HMDs use the ATW or ASW mechanism that may cause black edges (trailing smears). In principle, this mechanism 

aims to solve long MTP latency and low frame rates, thereby improving user experience. Therefore, if the impact of 

black edges on user experience is considered, the impact of MTP latency on user experience is not considered.

b)  The coefficients related to real-time and session scoring calculation in formulas (22) to (27) are not the focus of this 

white paper, and only help elaborate on the logical relationship. For details, see related documents.

●     6.2.2.4 Interaction Experience Quality QInE
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0.0667

v25

4.3

v26

1.563

v31

0.046

v32

0.01

v33

0.058

v34

(30)( )( )25 26max min              ,5 ,1Q v   DOF  v DMOS

(31)max ( )( )( )DMOS v    v    MTP   v     v

(32)( )( )( )

(33)( )( )( )

v27

1.1

v28 

1.6

v29

0.98

v30 

0.001

v35

1.443

v36

0.018

v37

0.01

v38

0.119

v39

1.343

v40

-7.905

v41

-5.02

29

30

) 4 (31’)

( )( )( )( ) (30’)InE 55 1In27 28 m

Interaction experience quality of VR videos QInE is evaluated as follows:

Interaction experience quality of VR games QInE is evaluated as follows:

The relationship between DMOSbm and body MTP latency is as follows:

In this formula, v27 to v30 and v35 to v41 are model coefficients, and their values are as follows:

In this formula, DMOSom indicates the decrease in interaction consistency caused by operation response delay; 

DMOSbm indicates the decrease in interaction consistency caused by body MTP latency; DOF is 7, 10, or 13, depending 

on the game DOF.

The relationship between DMOSom and operation response delay is as follows:

In this formula, DMOShm indicates the decrease in interaction consistency caused by the head MTP latency.

The relationship between DMOShm and the head MTP latency is as follows:

In this formula, v25 to v26 and v31 to v34 are model coefficients, and their values are as follows:

●    6.2.2.5 Interaction Experience Quality of VR Videos QInE

●    6.2.2.6 Interaction Experience Quality of VR Games QInE
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Figure 7-1 Relat ionship  between PPD and Q P
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To intuitively observe the impact of a specific input parameter on a corresponding experience evaluation module, 

other input parameters in the VR experience evaluation model are set to their optimal values.

●  Typical values indicating the impact of PPD on QP

Figure 7-1 shows the typical values indicating the impact of PPD on QP (H.264 for encoding, BPP = 0.1, frame rate 

= 120 fps). 

If PPD is 15, QP is about 3.28. 

If PPD is 20, QP is about 3.70. 

If PPD is 60, QP is about 4.52. 

If PPD is greater than 60, QP increases slowly.

●  Typical values indicating the impact of VR HMD monocular resolutions on QP

Figure 7-2 shows the typical values indicating the impact of VR HMD monocular resolutions on QP (H.264 for 

encoding, BPP = 0.1, frame rate = 120 fps, FOV = 110°). 

If the VR HMD monocular resolution is 1.5K, QP is 3.13. 

If the VR HMD monocular resolution is 2K (resolution of currently available commercial high-performance VR 

HMDs), QP is 3.57. 

07  Typical Values in the VR Experience
 Evaluation Model

Impact of PPD on QP



●  Typical values indicating the impact of frame rates on QP

Figure 7-3 shows the typical values indicating the impact of frame rates on QP (H.264 for encoding, BPP = 0.1, PPD = 

120 fps).

-  VR games: 

If the frame rate is 30 fps, QP is about 3.16. 

If the frame rate is 60 fps, QP is about 4.16. 

If the frame rate is 90 fps, QP is greater than 4.54. 

If the frame rate is greater than 90 fps, QP increases slowly.

-  VR videos: 

If the frame rate is 30 fps, QP is about 3.89. 

If the frame rate is 60 fps, QP is about 4.53. 

If the frame rate is 90 fps, QP is 4.63.
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Figure 7-2 Relationship between VR HMD monocular resolutions and QP

Impact of VR HMD Monocular Resolution on QP
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Figure 7-3 Relat ionship  between f rame rates and Q P
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●  Typical values indicating the impact of head MTP latency on interaction response quality of VR games QIR

Figure 7-4 shows the typical values indicating the impact of head MTP latency on QIR. 

If the head MTP latency is less than or equal to 20 ms, QIR is not impaired. 

If the head MTP latency is 50 ms, QIR is 3.63. 

If the head MTP latency is 100 ms, QIR is 2.55. 

If the head MTP latency is 200 ms, QIR decreases to 1.47.
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Figure 7-5 Relat ionship  between UDP packet  loss rates and Q PE

UDP packet loss rate（%）
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the GOP is 60 (corresponding to 1s), Figure 7-5 shows the impact of UDP packet loss rates on QPE.

If the UDP packet loss rate is 0.01%, QPE is 4.31. 
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HMD

A

B

C

D

E

75

72

70

72

90

Refresh Rate

101°

100°

100°

105°

100°

FOV

3.594 

2.989 

3.593 

3.533 

QP

1920

1280

1920

1920

1600 3.368 

Horizontal Monocular Resolution

Table  7-1 Exper ience scores of  panoramic  v ideos wi th  d i f ferent  resolut ions

Table  7-2 Evaluat ion of  VR HMD capabi l i t ies  by vendors in  China

 

NOTE：If content data is transmitted using TCP, a higher packet loss rate is required to meet the bandwidth require-

ment. TCP transmission control algorithms require different packet loss rates to meet specified data transmission 

bandwidth requirements.

 ●  Picture quality evaluation for panoramic videos with different resolutions

Table 7-1 lists the PPD, bit rates, and picture quality for video sources of different resolutions (H.264 for encoding, 

BBP = 0.1 for typical picture quality, frame rate = 30 fps, 3D for panoramic video, no mutual reference during com-

pression of left-eye and right-eye video data, overall bit rate = twice the bit rate of a monocular video). It can be 

seen that picture quality of 8K panoramic videos is only acceptable.

 ●  User experience with different monocular resolutions of VR HMDs under different network conditions

Table 7-3 lists the game experience with different monocular resolutions under different network conditions 

based on the following conditions:

-    Encoding: H.264, BPP: 0.21 (good picture quality)

-    Horizontal FOV: 110°

 ●  Evaluation of VR HMD capabilities by different vendors

The latest VR HMDs launched by various vendors can provide relatively good picture quality and deliver relatively 

good immersion experience quality, as shown in Table 7-2.

Panoramic horizontal resolution Equivalent PPD in FOV Bit Rate (Mbit/s) QP

1920

2560

3840

7680

5.33

7.11

10.67

21.33

1.49 

1.77 

2.28 

3.17 

10.55

18.75

42.19

168.75
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Table 7-3 User experience with different monocular resolutions of 
VR HMDs under different network conditions

 

NOTE：The required network bandwidth is equal to the average bit rate multiplied by 1.5.
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60.08 

90.12 

106.81 

160.22 

240.33 

360.49 

427.25 

640.87 

961.30 

1441.96 

3.05 

3.33 

3.48 

3.79 

3.95 

4.31 

4.18 

4.56 

4.38 

4.77 

1.5K
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13.64 

18.18 
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Horizontal 

Monocular Video 

Resolution Rh
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-   Video DOF: head 6 DOF + hand 6 DOF+ handle operation 1 DOF

-   Audio encoding algorithm: AAC-LC; audio fixed bit rate: 140 Kbit/s

-   Continuity or integrity is not considered and VR HMDs do not use ATW.

-   Ratio of the number of horizontal pixels to the number of vertical pixels for the monocular resolution: 9:10; no 

mutual reference during compression of left-eye and right-eye video data
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The VR experience evaluation model should apply to status evaluation and provide forward-looking guidance for the 

development of future VR services. Experts from the VEA have pioneered and implemented solutions such as high PPD 

equivalent test and multi-DOF interaction experience quality test for VR devices. They have also integrated related test 

results into the evaluation model.

However, due to the limited subjective test data, the model accuracy needs to be further improved. In addition, with the 

development of indicator measurement technologies and application scenarios, the evaluation model needs to be 

continuously updated and iterated. Therefore, the VEA and industry partners need to work together in the future to 

promote the standardization of VR experience evaluation.

The evaluation model algorithms have been released on the VEA website in the form of free software development kit 

(SDK) to strengthen industry cooperation. Partners in the VR industry are welcome to use the algorithms. The VEA will 

authenticate and authorize related evaluation tools to ensure that industry partners can correctly integrate the SDK or 

reference the model algorithms. Industry partners can apply for authorization and authentication on the VEA website. 

With correct usage of the evaluation model, the test data of industry partners can be used as the support data for model 

optimization, forming a virtuous cycle of upgrade, iteration, and application.

You can scan the following QR code or visit the VEA website to download this white paper and the SDK for the VR expe-

rience evaluation model or learn about authentication and authorization information about this model.

08 Problems and Prospects
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