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Recommendation ITU-T G.1036 

Quality of experience influencing factors for  

augmented reality services 

 

 

 

Summary 

Recommendation ITU-T G.1036 lists typical use cases of augmented reality (AR) services and 

identifies the key quality of experience (QoE) factors within them, and also gives a suggested scheme 

for AR QoE assessment in future work. 
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FOREWORD 

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of 

telecommunications, information and communication technologies (ICTs). The ITU Telecommunication 

Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical, 

operating and tariff questions and issuing Recommendations on them with a view to standardizing 

telecommunications on a worldwide basis. 

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes 

the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics. 

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1. 

In some areas of information technology which fall within ITU-T's purview, the necessary standards are 

prepared on a collaborative basis with ISO and IEC. 

 

 

 

NOTE 

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a 

telecommunication administration and a recognized operating agency. 

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain 

mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the 

Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some other 

obligatory language such as "must" and the negative equivalents are used to express requirements. The use of 

such words does not suggest that compliance with the Recommendation is required of any party. 

 

 

 

 

INTELLECTUAL PROPERTY RIGHTS 

ITU draws attention to the possibility that the practice or implementation of this Recommendation may involve 

the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence, validity or 

applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others outside of 

the Recommendation development process. 

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property, 

protected by patents/software copyrights, which may be required to implement this Recommendation. 

However, implementers are cautioned that this may not represent the latest information and are therefore 

strongly urged to consult the appropriate ITU-T databases available via the ITU-T website at 

http://www.itu.int/ITU-T/ipr/. 
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Recommendation ITU-T G.1036 

Quality of experience influencing factors for  

augmented reality services 

1 Scope 

This Recommendation describes two main types of augmented reality (AR): face AR and space AR. 

Face AR refers to a service that superimposes the AR effect in and around the human face. Space AR 

refers to a service in which an AR effect is superimposed on a natural space, such as a tabletop, a wall 

surface, a common object, an indoor space or an outdoor open space. 

In order to measure the quality of experience (QoE) that users perceive in face and space AR services, 

benchmarking is critical. Due to addition of new ways to locate the self-position of users and a new 

display mode of perceptual information, a set of new requirements for QoE assessment presents itself. 

The challenge is to characterize immersive video, spatial audio and interactivity of AR. It is also 

important to address the requirements and basic factors affecting virtual reality (VR) QoE before 

work is benchmarked. This Recommendation identifies the taxonomy of the two AR services and key 

factors affecting user-perceived experience.  

This Recommendation includes: 

– face and space AR service taxonomy and corresponding use cases; 

– QoE-influencing factors for face and space AR services. 

AR is an immersive experience of a real-world environment in which objects within it are 

"augmented" by computer-generated perceptual information, e.g., one or several visual, auditory, 

haptic, somatosensory and olfactory factors can be included. AR differs from VR, which aims to 

completely replace the user's real world environment with a simulated one; AR keeps the real world 

and adds information to the natural environment. The value of AR is to integrate immersive sensations 

into the natural environment, thus deepening perception when compared to actual reality. The first 

AR application systems were used for military training; subsequently, its functional scope has been 

expanded to gaming, education, navigation, etc. 

2 References 

The following ITU-T Recommendations and other references contain provisions which, through 

reference in this text, constitute provisions of this Recommendation. At the time of publication, the 

editions indicated were valid. All Recommendations and other references are subject to revision; 

users of this Recommendation are therefore encouraged to investigate the possibility of applying the 

most recent edition of the Recommendations and other references listed below. A list of the currently 

valid ITU-T Recommendations is regularly published. The reference to a document within this 

Recommendation does not give it, as a stand-alone document, the status of a Recommendation. 

None. 
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3 Definitions 

3.1 Terms defined elsewhere 

This Recommendation uses the following terms defined elsewhere: 

3.1.1 quality of experience (QoE) [b-ITU-T P.10]: The degree of delight or annoyance of the user 

of an application or service. 

3.1.2 QoE influencing factors [b-ITU-T P.10]: Include the type and characteristics of the 

application or service, context of use, the user's expectations with respect to the application or service 

and their fulfilment, the user's cultural background, socio-economic issues, psychological profiles, 

emotional state of the user, and other factors whose number will likely expand with further research. 

3.1.3 cybersickness or simulator sickness [b-ITU-T G.1035]: A physiological condition arising 

when exposed to a virtual reality environment. 

NOTE – Definition based on combined information in [b-Kennedy] and [b-Stanney]. 

3.1.4 degree of freedom (DoF) [b.ITU-T G.1035]: Represents the ways an object can move within 

a space, which is a key element in helping create an immersive environment for a user. 

3.1.5 immersion [b-ITU-T G.1035]: A psychological state characterized by perceiving oneself to 

be enveloped by, included in and interacting with an environment that provides a continuous stream 

of stimuli and experiences. 

NOTE – Definition based on [b-Witmer]. 

3.1.6 motion-to-photon latency [b-ITU-T G.1035]: The time it takes between the user moving 

their head and this motion being reflected on the screen of the head-mounted display (HMD). 

NOTE – Definition based on [b-Brandenburg]. 

3.2 Terms defined in this Recommendation 

This Recommendation defines the following terms: 

3.2.1 geometric consistency: The degree of similarity of registration and tracking, to ensure that 

virtual content has correct locating relationship with the real environment as time changes. 

3.2.2 illumination consistency: The degree of similarity of texture and lighting being simulated 

by augmented reality devices to those of the surrounding environment. 

4 Abbreviations and acronyms 

This Recommendation uses the following abbreviations and acronyms: 

3D three Dimensional 

A/V Audio and Video 

AR Augmented Reality 

BCI Brain-Computer Interface 

CG Computer Graphics 

DoF Degree of Freedom 

FoV Field of View 
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HCI Human-Computer Interaction 

HDR High Dynamic Range 

HMD Head-Mounted Display 

ID Identifier 

OST Optical See-Through 

QR Quick Response 

SAR Spatial Augmented Reality 

SDR Standard Dynamic Range 

VPn Video Payload type n 

VR Virtual Reality 

VST Video See-Through 

5 Conventions 

Within the scope of this recommendation, AR services are sorted into three kinds, namely: optical 

see-through (OST); video see-through (VST); and spatial augmented reality (SAR), mainly 

depending on their difference in display method. People using and experiencing these AR services 

are referred to as users or players. 

6 Augmented reality system configuration and taxonomy 

6.1 Overview 

To achieve an ideal and realistic AR effect, an AR service application system is usually composed of 

the support of AR mobile device, network and platform(s). It should be noted that at the current stage, 

the AR service locally processed on a device occupies a large part of the form, and in such 

applications, network and platform support may not be needed [b-3GPP TR 26.998]. 

AR device: AR glasses, smart phone, model acquisition device (depth camera, camera group, infrared 

transceiver), interactive facilities. 

Network: (low-delay) wireless local area network, fourth or fifth generation network. 

AR platform: content authoring platform, audio and video (A/V) stream-forwarding platform, 

content recognition platform, A/V rendering platform, geographic model storage platform. 

6.2 Typical augmented reality service use cases 

There are two typical AR services: face and space based. A face AR service mainly processes and 

displays augmented information on the human face, while a space-based AR service is suitable for 

other objects and spaces remaining. 

6.2.1 Face augmented reality service 

There are two main types of face AR service: user local and remote call. User local services are 

designed for the user to experience AR effects in real time on the capture device itself, while the 

processing workflow is completed inside the device in most cases. Remote call services deliver 
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