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DRAFT REVISION OF RECOMMENDATION ITU-R BT.2021

Subjective methods for the assessment of stereoscopic 3DTV systems
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Annex 1

2	Subjective methodologies

Recommendation ITU-R BT.500 outlines numerous methodologies for the assessment of picture quality. In all methods, a set of video sequences, which have been processed with the systems (e.g. an algorithm with different parameters; an encoding technology at different bit rates; different transmission scenarios; etc.) under investigation, is shown to a panel of viewers in a series of judgment trials. In each trial, the viewers are asked to assess a relevant characteristic (e.g. picture quality) of the video sequence(s) using a prescribed scale. The various methods differ one from the other mostly in terms of the mode of presentation, i.e. the way the video sequences are presented to the viewers, and the scale used by the viewers to rate those sequences. 

The test images are binocular stereo images selected on the basis of the items described in § 4. The assessors assess the following three items:

–	picture quality: The effect on resolution of stereoscopic 3D images by a system having a path between test images and the monitor used for displaying the images to be assessed;

–	depth quality: The effect on depth perception with respect to stereoscopic 3D images by a system having a path between test images and the monitor used for displaying the images to be assessed;

–	visual comfort: The effect on ease-of-viewing with respect to stereoscopic 3D images by a system having a path between test images and the monitor used for displaying the images to be assessed.

This Recommendation includes a subset of foursix methods from Recommendation ITU‑R BT.500; these methods have been successfully used in the last two decades to address relevant research issues related to the picture quality, depth quality and visual comfort of stereoscopic imaging technologies. The methods are: 

–	the single-stimulus (SS) method; 

–	the double-stimulus impairment scale (DSIS) method; 

–	the double- stimulus continuous quality scale (DSCQS) method; 

–	the stimulus-comparison (SC) method; 

–	the single- stimulus continuous quality evaluation (SSCQE) method;. 

–	the simultaneous double stimulus for continuous evaluation (SDSCE) method.

When appropriate, the methods have been used in a slightly modified form, e.g. different scales for visual comfort. The mode of presentation and scales associated with method for the assessment of the picture quality, depth quality and visual comfort are summarized in Tables 1, 2 and 3, respectively.

A short description of each methodology is presented next in this section. Methodological elements which are common to all methods are presented in the following sections.

2.1	Single stimulus (SS) method

The procedure consists of a series of judgement trials which might be divided, when appropriate, into several test sessions separated by breaks. In each trial, only one “Test” video sequence, i.e. a sequence that has been processed with a system under investigation, is presented and rated independently on the prescribed scale. 

2.1.1	Trial structure of the SS method

In each trial, the presentation of the “Test” video sequence to be assessed is preceded and followed by the presentation of a mid-grey field. The preceding mid-grey field may contain a fixation target, e.g. the trial number, at zero disparity and should last <=≤ 3 s. The following mid-grey field may contain a reminder to rate, e.g. the word “vote now”, and should last enough time for the viewer to provide a rating (e.g. <=≤ 10 s). The duration of the “Test” video sequence should generally be around 10 s[footnoteRef:1]. The structure of a typical SS trial is shown in Fig. 1. [1: 	Some researchers have advocated the use of sequences of longer duration mostly based on the assumption that the full appreciation of stereoscopic content takes a longer time than the appreciation of normal monoscopic (2D) content. To date, there is little empirical evidence in favour or against such claim. ] 


2.1.2	Grading scales of the SS method

For picture quality assessment, two labeled scales can be used: the discrete five-grade scale and the standard ITU continuous quality scale (see Table 1). The quality labels are “Excellent”, “Good”, “Fair”, “Poor” and “Bad”.

The same scales can be used for depth quality assessment (see Table 2). In this case, the viewers are asked to assess the quality of the depth representation rather than the quality of the picture itself.

For the assessment of visual comfort, two labeled scales can be used: a discrete five-grade scale and a continuous comfort scale (see Table 3). The comfort labels are “Very comfortable”, “Comfortable”, “Mildly uncomfortable”, “Uncomfortable”, and “Extremely uncomfortable”.

2.1.3	Opinion score data of the SS method

The rating provided for each sequence under examination is termed “opinion score”. The mean of such scores, generally obtained for each system under investigation, is termed the mean opinion score (MOS).

The “Reference” video sequences, which are versions of the test sequences that have not undergone any processing (see § 8), may be included in the sequences set. The inclusion of the “Reference” allows computing the “difference opinion score”, which is the arithmetic difference between the ratings given to the “Test” and “Reference” versions of each sequence in the study. The mean of the difference opinion scores obtained for each system under investigation is termed the difference mean opinion score (DMOS).

Figure 1

Single stimulus method – Trial structure





2.2	The double-stimulus impairment scale (DSIS) method (the EBU method)

The double-stimulus (EBU) method is cyclic in that the assessor is first presented with an unimpaired reference, then with the same picture impaired. Following this, the assessor is asked to vote on the second, keeping in mind the first. The assessor is presented with a series of pictures or sequences in random order in sessions that last up to half an hour and with random impairments covering all required combinations. The unimpaired picture is included in the pictures or sequences to be assessed. The mean score for each test condition and test picture is calculated at the end of the series of sessions.

The method uses an impairment scale, in which the stability of results is usually greater for smaller impairments than those that are larger. Although the method has sometimes been used with limited ranges of impairments, it is more appropriately used with a full range of impairments. The generalized arrangement for the test system should be that shown in Fig. 2.

2.2.1	Presentation of the test material

A test session is comprised of a number of presentations. There are two variants to the structure of presentations, I and II outlined below.

Variant I:	The reference picture or sequence and the test picture or sequence are presented only once as is shown in Fig. 3a).

Variant II:	The reference picture or sequence and the test picture or sequence are presented twice as is shown in Fig. 3b).

Variant II, which is more time consuming than variant I, may be applied if the discrimination of very small impairments is required or moving sequences are under test.

FIGURE 2

General arrangement for test system for DSIS method
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2.2.2	Grading scales

The five-grade impairment scale should be used (see Tables 1, 2, and 3). Assessors should use a form that provides the scale very clearly, and has numbered boxes or some other means to record the gradings.

2.2.3	Opinion score data of the DSIS method

The double-stimulus (EBU) method is cyclic in that the assessor is first presented with an unimpaired reference, and is then presented with the same picture impaired. Following this, h/she is asked to vote on the second, keeping the first in mind. The assessor is presented with a series of pictures or sequences in random order in sessions that last up to half an hour and with random impairments covering all required combinations. The unimpaired picture is included in the pictures or sequences to be assessed. The mean score for all test conditions and test pictures is calculated at the end of the series of sessions.

FIGURE 3

Presentation structure of test material
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2.32	Double stimulus continuous quality scale (DSCQS) method

The procedure consists of a series of judgement trials which might be divided, when appropriate, into several test sessions separated by breaks. In each trial, two versions of the same video sequence are presented twice, for a total of four presentations. The generalized arrangement for the test system should be as shown in Fig. 42.

2.32.1	Presentation of the test material 

A test session comprises a number of presentations. For variant I which has a single observer, for each presentation the assessor is free to switch between the A and B signals until the assessor has the mental measure of the quality associated with each signal. The assessor may typically choose to do this two or three times for periods of up to 10 s. For variant II which uses a number of observers simultaneously, prior to recording results, the pair of conditions is shown one or more times for an equal length of time to allow the assessor to gain the mental measure of the qualities associated with them, then the pair is shown again one or more times while the results are recorded. The number of repetitions depends on the length of the test sequences. For still pictures, a 3‑4 s sequence and five repetitions (voting during the last two) may be appropriate. For moving pictures with time‑varying artefacts, a 10 s sequence with two repetitions (voting during the second) may be appropriate. The structure of presentations is shown in Fig. 53.

2.32.2	Grading scales of the DSCQS method

In the DSCQS method, viewers are asked to rate both the A and B video sequences. For picture quality and depth quality assessments the standard ITU continuous quality scale can be used (see Tables 1 and 2). For the assessment of visual comfort, the continuous comfort scale with the labels “Very comfortable”, “Comfortable”, “Mildly uncomfortable”, “Uncomfortable”, and “Extremely uncomfortable” should be used (see Table 3).

2.32.3	Opinion score data of the DSCQS method

The ratings of the “Test” and “Reference” versions of each sequence obtained in each trial are used to compute the difference opinion scores. The latter are then used to compute the DMOS for each system under investigation. 

FIGURE 42

General arrangement for test system for DSCQS method





There are two variants to this method, I and II, outlined below.

Variant I: 	The assessor, who is normally alone, is allowed to switch between two conditions A and B until he is satisfied that he has established his opinion of each. The A and B lines are supplied with reference direct picture, or the picture via the system under test, but which is fed to which line is randomly varied between one test condition and the next, noted by the experimenter, but not announced. 

Variant II: 	The assessors are shown consecutively the pictures from the A and B lines, to establish their opinion of each. The A and B lines are fed for each presentation as in variant I above. The stability of results of this variant with a limited range of quality is considered to be still under investigation.

Figure 53

Double stimulus continuous scale method – Trial structure





2.43	Pair comparison (PC) method

In the PC method, a set of “Test” sequences, that is sequences that have been processed with different systems (e.g. different bit rates, different algorithms, etc.) are compared in pairs (i.e. two at the time). The viewers are asked to make a judgment on which element in a pair is preferred in the context of the test scenario. The number of required judgments is a function of the number of systems under investigation. Indeed the systems under tests (X, Y, Z, etc.) are typically arranged in all the possible n(n–1) combinations XY, ZY, YZ, etc. Furthermore, all the pairs of sequences should be displayed in both the possible orders (e.g. XY, YX). 

2.43.1	Trial structure of the PC method

A trial is initiated by the presentation of a mid-grey field which may contain a fixation target, e.g. the trial number, at zero disparity and should last <=≤3 s. Next the sequences to be compared are presented. The duration of each sequence under test should generally be around 10 s. The sequences can be presented either simultaneously on two displays (or side by side on the same display) or in succession (e.g. AB) on the same display. In the latter case, the sequences are temporally separated by the presentation of a mid-grey field of 3 s duration. The trial is ended with a mid-grey which may contain a reminder to rate, e.g. the word “vote now”, and should last enough time for the viewer to provide a judgment (e.g. <=≤ 10 s). An example of a typical PC trial is shown in Fig. 64.

2.43.2	Grading scales of the PC method

Viewers might be asked to provide a simple preference judgment using a binary scale (e.g. A is preferred) or they might be asked to provide a graded preference (e.g. A much better than B). The same scales can be used for picture quality, depth quality and visual comfort (see Tables 1, 2 and 3). 

2.43.3	Opinion score data of the PC method

The judgements of the PC are in terms of preferences.

Figure 64

Pair comparison method – Trial structure





2.54	Single stimulus continuous quality evaluation (SSCQE) method

Even within short extracts of digitally-coded stereoscopic video, the levels of picture quality, depth quality and visual comfort may fluctuate quite widely over time; such fluctuations may depend on scene content and the time duration of artifacts (e.g. short or long) affecting those three basic dimensions. The SSCQE method has been devised to address the impact of such dynamics. In the SSCQE method, the picture quality, depth quality and visual comfort of stereoscopic video sequences are assessed continuously (i.e. as they change over time). This methodology is generally deemed more representative of actual home viewing patterns.

2.54.1	General form of the test protocol 

Subjects should be presented with test sessions of the following format:

–	Programme segment (PS): A PS corresponds to one programme type (e.g. sport, news, drama) processed according to one of the quality parameters (QP) under evaluation (e.g. bit rate); each PS should be at least 5 min long.

–	Test session (TS): A TS is a series of one or more different combinations PS/QP without separation and arranged in a pseudo-random order. Each TS contains at least once all the PS and QP but not necessarily all the PS/QP combinations; each TS should be between 
30 and 60 min duration.

–	Test presentation (TP): A TP represents the full performance of a test. A TP can be divided in TSs to cope with maximum duration requirements and in order to assess the quality over all the PS/QP pairs. If the number of PS/QP pairs is limited, a TP can be made of a repetition of the same TS to perform the test on a long enough period of time.

For service quality evaluation, audio may be introduced. In this case, selection of the accompanying audio material should be considered at the same level of importance as the selection of video material, prior to the test performance.

The simplest test format would use a single PS and a single QP.

2.54.2	Grading scales of the SSCQE method

For picture quality assessment and depth quality, the standard ITU continuous quality scale (see Tables 1 and 2) should be used. For visual comfort, the continuous comfort scale shown in Table 3 should be used). Figure 75 shows an example of a test session using a quality scale.

2.54.3	Opinion score data of the SSCQE method

The data should be collated from all test sessions to compute the mean quality rating as a function of time q(t). The results could be reported in terms of mean of all observers’ quality ratings per programme segment, video content, or test session.

Figure 75

Typical test session output of the SSCQE method





2.6	Simultaneous double stimulus for continuous evaluation (SDSCE) method

The SSCQE method is able to measure the stereoscopic video quality of longer sequences that are representative of stereoscopic video content and error statistics. No references are used in SSCQE to reproduce viewing conditions that are as close as possible to real situations.

Reference conditions must be introduced when fidelity has to be evaluated. SDSCE has been developed starting from SSCQE, by making slight deviations concerning the way the images are presented to the subjects and concerning the rating scale. Although the method was proposed to MPEG to evaluate error robustness at very low bit rate, it can be suitably applied to all those cases where fidelity of visual information affected by time-varying degradation has to be evaluated.

2.6.1	Presentation of the test material

A panel of subjects was simultaneously watching two sequences: the first was the reference and the second involved the test condition. If the format of the sequences was the standard image format (SIF) or smaller, the two sequences could be displayed side by side on the same monitor, otherwise two aligned monitors should be used (see Fig. 8).

FIGURE 8

Example of display format

[image: ]

2.6.2	Grading scales of the SDSCE method

Subjects were requested to check the differences between two sequences and to judge the fidelity of video information by moving the slider of a handset-voting device. When the fidelity was optimal, the slider should have been at the top of the scale range (coded 100), and when the fidelity was null, the slider should have been at the bottom of the scale (coded 0). The standard ITU continuous quality scale could be used (see Tables 1, 2, and 3).

Subjects were aware of which was the reference and they are requested to express their opinion, while they were viewing the sequences, throughout their duration.

2.6.3	Opinion score data of the SDSCE method

The following definitions apply to the test protocol description:

–	Video segment (VS): A VS corresponds to one video sequence.

–	Test condition (TC): A TC may be either a specific video process, a transmission condition or both. Each VS should be processed according to at least one TC. In addition, references should be added to the list of TCs, in order to make reference/reference pairs to be evaluated.

–	Session (S): A session is a series of different pairs VS/TC without separation and arranged in a pseudo-random order. Each session contains all the VS and TC at least once but not necessarily all the VS/TC combinations.

–	Test presentation (TP): A test presentation is a series of sessions to encompass all the combinations of VS/TC. All the combinations of VS/TC must be voted by the same number of observers (but not necessarily the same observers).

–	Voting period: Each observer is asked to vote continuously during a session.

–	Segment Of Votes (SOV): A segment of 10 s of votes; all the SOV are obtained using groups of 20 consecutive votes (equivalent to 10 s) without any overlapping.

Once a test has been carried out, one (or more) data file is (are) available containing all the votes of the different sessions (S) representing the total number of votes for the TP. A first check of data validity can be done by verifying that each VS/TC pair has been addressed and that an equivalent number of votes has been allocated to each of them.

Data that have been collected from tests carried out according to this protocol, can be processed in three different ways:

–	statistical analysis of each separate VS;

–	statistical analysis of each separate TC;

–	overall statistical analysis of all the pairs VS/TC.

Four-fold multi-step analysis is required in each case:

–	Means and standard deviations are calculated for each vote by accumulation of the observers.

–	Means and standard deviation are calculated for each SOV, as illustrated in Fig. 9. The results of this step can be represented in a temporal diagram, as shown in Fig. 10.

–	Statistical distribution of the means calculated at the previous step (i.e. corresponding to each SOV), and their frequency of appearance are analysed. In order to avoid the recency effect due to the previous VS  TC combination, the first 10 SOVs for each VS  TC sample are rejected.

–	The global annoyance characteristic is calculated by accumulating the frequencies of occurrence. The confidence intervals should be taken into account in this calculation, as shown in Fig. 11. A global annoyance characteristic corresponds to this cumulative statistical distribution function by indicating the relationship between the means for each voting segment and their cumulative frequency of appearance.

FIGURE 9

Data processing
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FIGURE 10

Raw temporal diagram
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FIGURE 11

Global annoyance characteristics calculated from the statistical
distributions and including confidence interval
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TABLE 1

Subjective method for the assessment of picture quality

		Mode of presentation

		Sequence duration

		Binary scale

		Discrete
scale

		Continuous scale



		Single-stimulus (SS) methods as described in Recommendation ITU-R BT.500, Annex 1, § 6.1.

		~10 s

		

		5	Excellent

4	Good

3	Fair

2	Poor

1	Bad

		[image: ]



		Double-stimulus impairment scale (DSIS) method as described in Recommendation ITU‑R BT.500, Annex 1, § 4.

		

		

		5	Imperceptible

4	Perceptible, but not annoying

3	Slightly annoying

2	Annoying

1	Very annoying

		



		Double- stimulus continuous quality scale (DSCQS) method as described in Recommendation ITU‑R BT.500, Annex 1, § 5.

		~10 s

		

		

		[image: ]



		Stimulus-comparison (SC) methods as described in Recommendation ITU-R BT.500, Annex 1, § 6.2.

		~10 s

		A vs. B

		−3	Much worse

−2	Worse

−1	Slightly worse

0	The same

1	Slightly better

2	Better

3	Much better

		



		Single- stimulus continuous quality evaluation (SSCQE) method as described in Recommendation ITU-R BT.500, Annex 1, § 6.3.

		~3-5 min
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		Simultaneous double stimulus for continuous evaluation (SDSCE) method as described in Recommendation ITU‑R BT.500, Annex 1, § 6.4.
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TABLE 2

Subjective method for the assessment of depth quality

		Mode of presentation

		Sequence duration

		Binary scale

		Discrete
scale

		Continuous scale



		Single-stimulus (SS) methods as described in Recommendation ITU-R BT.500, Annex 1, § 6.1.

		~10 s

		

		5	Excellent

4	Good

3	Fair

2	Poor

1	Bad
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		Double-stimulus impairment scale (DSIS) method as described in Recommendation ITU‑R BT.500, Annex 1, § 4.

		

		

		5	Imperceptible

4	Perceptible, but not annoying

3	Slightly annoying

2	Annoying

1	Very annoying

		



		Double- stimulus continuous quality scale (DSCQS) method as described in Recommendation ITU‑R BT.500, Annex 1, § 5.

		~10 s
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		Stimulus-comparison (SC) methods as described in Recommendation ITU-R BT.500, Annex 1, § 6.2.

		~10 s

		A vs. B

		−3	Much worse

−2	Worse

−1	Slightly worse

0	The same

1	Slightly better

2	Better

3	Much better

		



		Single- stimulus continuous quality evaluation (SSCQE) method as described in Recommendation ITU-R BT.500, Annex 1, § 6.3.

		~3-5 min

		

		

		[image: ]



		Simultaneous double stimulus for continuous evaluation (SDSCE) method as described in Recommendation ITU‑R BT.500, Annex 1, § 6.4.
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TABLE 3

Subjective method for the assessment of visual comfort

		Mode of presentation

		Sequence duration

		Binary scale

		Discrete
scale

		Continuous scale



		Single-stimulus (SS) methods as described in Recommendation ITU-R BT.500, Annex 1, § 6.1.

		~10 s

		

		5	Very comfortable

4	Comfortable

3	Mildly uncomfortable

2	Uncomfortable

1	Extremely uncomfortable
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		Double-stimulus impairment scale (DSIS) method as described in Recommendation ITU‑R BT.500, Annex 1, § 4.

		

		

		5	Imperceptible

4	Perceptible, but not annoying

3	Slightly annoying

2	Annoying

1	Very annoying

		



		Double- stimulus continuous quality scale (DSCQS) method as described in Recommendation ITU‑R BT.500, Annex 1, § 5.

		~10 s
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		Stimulus-comparison (SC) methods as described in Recommendation ITU-R BT.500, Annex 1, § 6.2.

		~10 s

		A vs. B

		−3	Much worse

−2	Worse

−1	Slightly worse

0	The same

1	Slightly better

2	Better

3	Much better

		



		Single- stimulus continuous quality evaluation (SSCQE) method as described in Recommendation ITU-R BT.500, Annex 1, § 6.3.

		~3-5 min
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		Simultaneous double stimulus for continuous evaluation (SDSCE) method as described in Recommendation ITU‑R BT.500, Annex 1, § 6.4.
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Appendix 1

Test materials for vision test

[Editorial note: No modifications are proposed but renumbering of the figures is needed.] 
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