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Introduction

ITU-T Recommendation P.910, ITU-T Recommendation P.911, and ITU-R Recommendation BT.500 have been successfully used for many years to perform video quality and audiovisual quality subjective assessments. These Recommendations were initially designed around the paradigm of a fixed video service that transmits video over a reliable link to an immobile cathode ray tube (CRT) television located in a quiet and non-distracting environment, such as a living room or office. These Recommendations have been updated and expanded as technology shifted and have proven to be valuable and useful for the displays and questions addressed in their original scopes.

However, the initial premise of these Recommendations does not include the new paradigms of internet video and distribution quality television. One new paradigm of video watching is an on-demand video service transmitted over an unreliable link to a variety of mobile and immobile devices located in a distracting environment, using LCDs and other flat-screen displays. This new paradigm impacts key characteristics of the subjective test, such as the viewing environment, the listening environment, and the questions to be answered. 
Users of internet video and distribution quality television are moving from one device to another and from one environment to another throughout the day, perhaps even observing the same video using multiple devices. For example, someone might start watching a sporting event on their computer using IPTV, move to an over-the-air broadcast in their living room when the IPTV connection displays a rebuffering event, and then switch to a mobile internet device (MID) or even a smart phone when leaving the house. Thus, subjective quality assessments into internet video and distribution quality television ask unique questions that are not considered in the existing Recommendations. These questions may require situation specific modifications to the subjective scale (e.g., presentation of additional information defining what “good” means in this context).
Consider the pristine viewing environment defined by ITU-R Rec. BT.500, with its exact lighting conditions and non-distracting walls.  The intention is to remove the impact of the viewing environment and listening environment from the experiment. For some subjective audiovisual quality experiments, this is not appropriate. First, consider an experiment that investigates the quality of service observed by videoconferencing users in an office with florescent lights and the steady hum of a computer. Second, consider an experiment that analyzes a communications device for emergency personnel. A highly distracting background may be a critical element of the experiment design (e.g., to simulate video watched inside a moving fire truck with sirens blaring). The impact of environment is an integral part of these experiments.

These questions and environments cannot be accommodated with the existing subjective assessment Recommendations. Modifying those Recommendations would reduce their value of the intended experiments and paradigms addressed therein. The main differences in this Recommendation when compared to existing ITU subjective assessment Recommendations are:

1. Inclusion of multiple testing environment options (e.g., pristine laboratory environment, simulated office within a laboratory),

2. Flexibility for the user to modify the subjective scale (e.g., modified words, added information), 

3. Applicability for interaction effects that confound the data (e.g., evaluating a device that can only accept compressed material, impact of mobility on quality perception), and

4. Mandatory reporting requirement (e.g., choices made where this Recommendation allows for flexibility, experimental variables that cannot be separated due to the experiment design).

1
Scope

The devices and usage scenarios of interest herein are internet video and distribution quality television. The focus is on the quality perceived by the end-user. 

This Recommendation describes methods to be used for subjective assessment of the audiovisual quality of internet video and distribution quality. This may include assessment of visual quality only, audio quality only, and/or the overall audiovisual quality. This Recommendation may be used to compare audiovisual device performance in multiple environments, and to compare the quality impact of multiple audiovisual devices. It is appropriate for subjective assessment of devices where the quality impact of the device and the material is confounded.

1.1
 Limitations

This Recommendation does not address the specialized needs of broadcasters and contribution quality television. 
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.
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3
Definitions

<Check in the ITU-T Terms and definitions database on the public website whether the term is already defined in another Recommendation. It may be more consistent to refer to such a definition rather than redefine it>
3.1
Terms defined elsewhere:

<Normally terms defined elsewhere will simply refer to the defining document. In certain cases, it may be desirable to quote the definition to allow for a stand-alone document>

This Recommendation uses the following terms defined elsewhere:

3.1.1
<Term 1> [Reference]: <optional quoted definition>

3.1.2
<Term 2> [Reference]: <optional quoted definition>

3.2
Terms defined in this Recommendation

This Recommendation defines the following terms:

3.2.1
Double Stimulus: a quality rating method where the subject is presented with two stimuli and then rates both stimuli in the context of the joint presentation (e.g., a rating that compares the quality of one sequence to the quality of the other sequence).
3.2.2
Reference: the source sequence. This is the highest quality version available of the audio, video, or audiovisual sequence.
3.2.3
Single Stimulus: a quality rating method where the subject is presented with one stimulus and then rates each stimulus in isolation (e.g., a viewer watches one video sequence, and then rates it).
4
Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

ACR

Absolute Category Rating
CCR

Comparison Category Rating

DCR

Degradation Category Rating
MOS

Mean Opinion Score
5
Conventions

<Describe any particular notation, style, presentation, etc. used within the Recommendation, if any>

6
Source sequences

In order to evaluate quality in various circumstances, the content should cover a wide range stimuli. The sequences should be selected according to the goal of the test and recorded on a digital storage system. When the experimenter is interested in comparing results from different laboratories, it is necessary to use a common set of source sequences to eliminate a further source of variation.
The selection of the test material should be motivated by the experimental question addressed in the study. For example, the content of the test sequences should be representative of the full variety programmes delivered by the service under study (sport, drama, film, speech, music, etc.). 
6.1
Video considerations
The selection of video is an important issue. The spatial information (detail) and temporal information (motion) of the video are critical parameters. These parameters play a crucial role in determining the amount of video compression that is possible, and consequently, the level of impairment that is suffered when the scene is transmitted over a fixed-rate digital transmission service channel. Fair and relevant video test scenes must be chosen such that their spatial and temporal information is consistent with the video services that the digital transmission service channel was intended to provide. The set of test scenes should span the full range of spatial and temporal information of interest to users of the devices under test.
6.2
Audio considerations

When testing the overall quality of audiovisual sequences but not speech comprehension, the speech need not be in a language understood by all subjects. 
All audio samples should be normalized for a constant volume level (e.g., normalize between clips, leaving volume variations within each clip alone).
The audio source should preferably include variety of audio characteristics (e.g., both male and female talkers, different musical instruments, different dynamic ranges). The dynamic range of an audio signal plays a crucial role in determining the impact of audio compression.
6.3
Duration of sequences

The methods in this Recommendation are intended for stimuli that range from 5 seconds to 30 seconds in duration.  
Extra source content may be required at the beginning and end of each source sequence. For example, when creating a 10-second impaired sequence, the source might have +2 second of extra content before and after for a total of 14 seconds.  The purpose of the extra content is to allow the audio and video coders to stabilize, and prevent the propogation of unrelated content into the impaired sequence (e.g., after the occurance of digital transmission errors). The extra content should be discarded during editing.  This technique is advised when analyzing hardware coders or transmission errors. 
7
Test methods and rating scales


This section describes the test methods, rating scales and allowable deviations. The method controls the sequence presentation. The rating scale controls way that people indicate their opinion of the sequences. A list of appropriate changes to the method follows.
7.1
Absolute Category Rating (ACR) Method

The Absolute Category Rating (ACR) method is a category judgment where the test sequences are presented one at a time and are rated independently on a category scale. ACR is a Single Stimulus Method. The subject observes one sequence, then has time to rate that sequence. 
The ACR method uses the following five-level rating scale:

5
Excellent

4
Good

3
Fair

2
Poor

1
Bad

The numbers may optionally be displayed on the scale.
Comments
The ACR method produces a high number of ratings in a brief period of time.  

ACR ratings confound the impact of the impairment with the influence of the content upon the subject (e.g., whether the subject likes or dislikes the production quality of the sequence). 
7.2
Degradation Category Rating (DCR) Method

The Degradation Category Rating (DCR) method presents sequences in pairs. The first stimulus presented in each pair is always the reference. The second stimulus is that reference sequence after being impaired by the systems under test. DCR is a Double Stimulus method.

In this case the subjects are asked to rate the impairment of the second stimulus in relation to the reference. The following five-level scale for rating the impairment should be used:

5
Imperceptible

4
Perceptible but not annoying

3
Slightly annoying

2
Annoying

1
Very annoying

The numbers may optionally be displayed on the scale.
Comments
The DCR method produces a fewer ratings than ACR in the same period of time (e.g., slightly more than one-half). 

DCR ratings are minimally influenced by subject’s opinion of the content (e.g., whether the subject likes or dislikes the production quality). Thus, DCR is able to detect color impairments and skipping errors that the ACR method may miss.  

DCR ratings may contain a slight bias. This occurs because the reference always appears first, and people know that the first sequence is the reference.
7.3
Comparison Category Rating (CCR) Method

The Comparison Category Rating (CCR) method is a method where the test sequences are presented in pairs. Two versions of the same stimuli are presented in a randomized order (e.g., reference shown first 50% and second 50% of the time). CCR is a Double Stimulus method. CCR may be used to compare source video with impaired video, or to compare two different impairments.

The subjects are asked to rate the impairment of the second stimulus in relation to the first stimulus. The following seven-level scale for rating the impairment should be used:




-3

Much Worse


-2

Worse


-1

Slightly Worse


0

The Same


1

Slightly Better


2

Better


3

Much Better

The numbers may optionally be displayed on the scale. 

During data analysis, the randomized order of presentation must be removed.
Comments
The CCR method produces a fewer ratings than ACR in the same period of time (e.g., slightly more than one-half). 

CCR ratings are minimally influenced by subject’s opinion of the content (e.g., whether the subject likes or dislikes the production quality). 

Test subjects will occasionally mistakenly swap their ratings when using the CCR scale (e.g., mark “Much Better” when intending to mark “Much Worse”). This is unavoidable due to human error. These unintentional score swapping events will introduce a type of error into the subjective data that is not present in ACR and DCR data. 

The accuracy of CCR is influenced by the randomized presentation of stimuli one and two. For example, when comparing source and degraded video, if the source stimulus is presented first 90% of the time, then CCR will contain the same bias seen in the DCR method.
7.4
Acceptable Changes to the Methods

This section of the Recommendation is intended to be a living document. The methods and techniques described in this section cannot, by their very nature, account for the needs of every subjective experiment. It is expected that the experimenter may need to modify the test method to suit a particular experiment. Such modifications fall within the scope of this Recommendation.
The following acceptable changes have been evaluated systematically. Subjective tests that use these modifications are known to produce repeatable results.

7.4.1
Changes to Level Labels

Translating labels into a different languages does not result in a significant change to the MOS. Although the perceptual magnitude of the labels may change, the resulting MOS are not impacted. 
An unlabeled scale may be used. For example, ends of the scale can be labeled with the symbols “+” and “-”. 
A scale with numbers but no words may be used.
Numbers may be included or excluded at the preference of the experimenter.
Alternate wordings of the labels may be used when the rating labels do not meet the needs of the experimenter. One example is using the DCR method with the ACR labels. One example is using the ACR method with a listening-effort scale as mentioned in ITU-T Reccomendation P.800.
7.4.2
ACR with Hiden Reference (ACR-HR)
An acceptable variant of the ACR method is ACR with Hiden Reference (ACR-HR).  With ACR-HR, the experiment includes a reference version of each video segment, not as part of a pair, but as a freestanding stimulus for rating like any other. During the data analysis the ACR scores will be subtracted from the corresponding reference scores to obtain a DMOS. This procedure is known as “hidden reference removal.”

Differential viewer scores (DV) are calculated on a per subject per processed video sequence (PVS) basis. The appropriate hidden reference (REF) is used to calculate DV using the following formula:


DV(PVS) = V(PVS) – V(REF) + 5

where V is the viewer’s ACR score.  In using this formula, a DV of 5 indicates ‘Excellent’ quality and a DV of 1 indicates ‘Bad’ quality. Any DV values greater than 5 (i.e. where the processed sequence is rated better quality than its associated hidden reference sequence) will generally be considered valid.  Alternatively, a 2-point crushing function may be applied to prevent these individual ACR-HR viewer scores (DV) from unduly influencing the overall mean opinion score:


crushed_DV = (7*DV)/(2+DV) when DV > 5.
Comments
ACR-HR will result in larger confidence intervals than ACR, CCR or DCR.
The ACR-HR method removes some of the influence of content from the ACR ratings, however to a lesser extent than CCR or DCR.

ACR-HR should not be used when the reference sequences are fair, poor or bad quality. The problem is that the range of DV ’excellent’ quality diminishes. For example, if the reference video quality is poor on the ACR scale, then DV must be 3 or greater.
7.5
Unacceptable Changes to the Methods

The following acceptable changes have been evaluated systematically. These modifications are not allowed.

7.5.1
Do Not Increase the Number of Levels

The number of levels should not be increased. Tests into the replicability and accuracy of subjective methods indicate that the accuracy of the resulting MOS does not improve.  However, the method becomes more difficult for subjects. 
Experiments that compare discrete scales (e.g., 5-point, 9-point, 11-point) with continuous scales (e.g., 100-point scales) all indicate that continuous scales contain more levels than can be differentiated by people. The continuous scales are treated by the subjects as if it were a discrete scale with fewer options (e.g., using five to nine levels).
Prohibited examples include changing ACR from a discrete 5-level scale to a discrete 9-level scale, a discrete 11-level scale, or a continuous scale. 

8
Environment
For subjective experiments that fall into the scope of this Recommendation, most aspects of the environment will have minimal impact on MOS. Thus, the environment is not rigorously constrained within this Recommendation. Exceptions include cases where the experiment is designed to investigate the impact of a particular part of the environment on MOS (e.g., the impact of video monitor type on MOS). 

This Recommendation allows two options for the environment in which the subjective experiment takes place: 
· a controlled environment 
· a public environment
The number of subjects required is impacted by this choice (see Section 9). The environment must be described.
8.1
Controlled Environment

A controlled environment is an experiment conducted within a room devoted to that purpose. The room should be comfortable and quiet. People not involved in the experiment should not be present. Examples include a sound isolation chamber, a laboratory, a simulated living room, a conference room, or an office set asside temporarily for the subjective experiment. A controlled environment should represent a non-distracting environment where a person would reasonably use the device under test. 
8.2
Public Environment

A public environment is any environment where people not involved in the experiment are present. A public environment also includes subjective tests performed in a room where some element of the environment intentionally serves as a distraction from the experiment (e.g., loud background noise). A public environment should represent a distracting environment where a person would reasonably use the device under test.
8.3
Documentation of Environment
The subjective test’s environment must be reported. The documentation of the experiment must include the following information. Some information only applies for audio and audiovisual subjective tests; while others apply only to video and audiovisual subjective tests.

	 Information
	Type of Stimuli

	A picture of the subjective test environment
	All

	Lighting level (e.g., dim, bright, light level measured in Lux)
	Video, Audiovisual

	Noise level (e.g., quiet, bystanders talking)
	All

	Approximate viewing distance in picture heights
	Video, Audiovisual

	Whether a controlled or public environment was used
	All

	Type of video monitor 
	Video, Audiovisual

	Size of video monitor
	Video, Audiovisual

	Type of audio system 
	Audio, Audiovisual

	Placement of audio speakers (if used)
	Audio, Audiovisual



9
Subjects
The number of subjects used in the experiment is extremely important.

At least 24 subjects must be used for experiments conducted in a controlled environment. This means that every stimuli must be rated by at least 24 subjects.
At least 35 subjects must be used for experiments conducted in a public environment.
Fewer subjects may be used for pilot studies, to indicate trending. Such studies must be clearly labeled as being pilot studies.
10
Experiment design 

<Topics for this section include the size of the experiment, naïve versus expert subjects, considerations for analysis of variance (ANOVA), scene averaging, system averaging, type of stimuli (e.g., audio-only, video-only, audiovisual), special considerations for impairments resulting from transmission errors or audiovisual synchronization impairments, and aspects of the subjective test that might hide impairments that would be obvious during an actual video watching experience.>

11
Experiment implementation

<Topics for this section include the each subject’s participation in the experiment, which typically consists of the following five stages: (1) Informed consent, (2) Pre-screening of subjects, (3) Instructions and training, (4) Voting sessions, and (5) optionally, questionnaire and/or interview. This section should also contain implementation specific details of the voting sessions (e.g., computer controlled stimuli playback versus video tape / video disc playback of stimuli at fixed intervals with paper ballots).>

12
Data analysis

<Topics for this section include mean opinion score (MOS) calculation, discarding viewers, averaging over scenes, averaging over impairments.>

Annex A

<Annex Title>

(This annex forms an integral part of this Recommendation)

<Body of annex A>

Appendix I

Example Informed Consent Form

(This appendix does not form an integral part of this Recommendation)


<sample to be inserted>


Appendix II

Example Instructions

(This appendix does not form an integral part of this Recommendation)


<sample to be inserted>
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