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1. Introduction
We conducted subjective quality assessments for the Absolute Category Rating (ACR), Degradation Category Rating (DCR), and Double-Stimulus Continuous (DSCQS) methods to compare their stabilities (i.e., 95% confidence interval) in 3D video. The experimental results showed that the ACR method is suitable in terms of stability and assessing time of subjective quality assessment.
2. Subjective quality assessment
To compare the stability of subjective quality assessment methods, we conducted subjective quality assessments for 2D and 3D videos using the ACR, DCR, and DSCQS methods, as listed in Table 1. The 2D and 3D videos were encoded using H.264/AVC codec (i.e., each view of the 3D video was individually encoded using H.264/AVC). We used bit rate as an experimental parameter. The number of bit rates for the 2D and 3D videos were four and six, respectively. We used eight different types of 3D video sequences and used the left view of the 3D video as a 2D video sequence (10 seconds each). In other words, there were 32 processed video sequences (PVSs) for the 2D and 48 PVSs for 3D videos. Forty-two participants viewed each video sequence at a distance of 3H (about 150 cm) from a 40-inch 3D monitor. The participants viewed the 2D videos without polarized glasses and 3D video with polarized glasses.
3. Comparison of subjective quality assessment methods
Figure 1 shows the relationship between the number of participants (M) and the mean of 95% confidence intervals (MCI) over all PVSs for either the ACR, DCR, or DSCQS method.  MCI is calculated as follows:
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where k is the index of subjective quality assessments, i is that of PVSs, 
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 is the number of PVSs in a subjective quality assessment corresponding to k, and 
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is the standard deviation of each individual’s assessment scores. A certain group of M was randomly selected from all 42 participants (i.e., M <= 42) and MCI was calculated using only scores corresponding to the group. There were many MCIs for groups with less than 41 participants (e.g., when 39 participants were selected from 42 participants, there were 11,480 MCIs). Therefore, random selection and calculation were repeated 15 times to obtain 15 MCIs for each M in this contribution. The MCI in Figure 1 plots the average of the 15 MCIs for each M.  The length of the error bar in Figure 1 is the 95% confidence interval over MCIs from the 15 groups with M participants. By definition, as the M increases, MCI usually decreases. The MCI of ACR method for the 3D video was larger than that for the 2D video, as shown in Fig. 1 (a). There was no significant difference in the MCI of the DCR and DSCQS methods between 2D and 3D videos, as shown in Figs. 1 (b) and (c). In the DCR and DSCQS methods, it might be easy for participants to evaluate the 3D video quality because there is a reference video. However, it might be difficult for participants to evaluate 3D video quality in the ACR method because they do not have a criterion for evaluating 3D video quality due to the lack of viewing experience. 
Figure 2 shows the relationship between the M and the normalized MCI for the ACR, DCR, or DSCQS methods. The normalized MCI is calculated as follows:
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where 
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 is the maximum of MOS in each subjective quality assessment method and 
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 is the minimum in each subjective quality assessment method. A certain group of M was randomly selected from all 42 participants (i.e., M <= 42) and normalized MCI was calculated using only scores corresponding to the group. There were many normalized MCIs for groups with less than 41 participants. Therefore, random selection and calculation were repeated 15 times to obtain 15 MCIs for each M in this contribution. The MCI in Figure 1 plots the average of the 15 MCIs for each M. In the standardization of the objective quality assessment model for 2D video, the ACR method was used and 24 people participated in the tests. Therefore, we used 0.09 as a criterion, which was the normalized MCI of the ACR method with 24 participants for the 2D video. . To satisfy the criterion, 28 participants must participate in the ACR test, 23 must participate in the DCR test, and 36  in the DSCQS test, as shown in Fig. 2. The results imply that the DCR test is suitable in terms of M. However, the assessing time of the DCR test is twice as long as that of ACR test. When the assessing time of ACR test per participant is T, 2T is needed in the DCR test and 4T is needed in the DSCQS test. If "MCI < 0.09" is needed, the ACR test requires 28T (T x 28 participants), DCR test requires 46T (2T x 23 participants), and the DSCQS test requires 144T (4T x 36 participants). Therefore, the increase in M for the ACR method is the most efficient in terms of stability and assessing time of subjective quality assessment.
4. Proposal
From the above results, we propose using the ACR method with more than 28 participants for 3D video.
Table 1 Experimental conditions
	
	Experiment for 3D video
	Experiment for 2D video

	Video format
	1920x1080/24p
(Dual channel)
	1920x1080/24p 

	Video codec
	H.264/AVC codec
	H.264/AVC codec

	Bit-rate
	3, 4.5, 6, 12 (Total bit-rate of dual channel),

Uncompressed
	2, 3, 6,

Uncompressed

	Video content
	8 videos
	8 videos
(Left channel of 3D video)

	Assessment

method
	ACR 5-grade-scale method

DCR 5-grade-scale method

DSCQS method
	ACR 5-grade-scale method

DCR 5-grade-scale method

DSCQS method

	Number of participants
	42
	42

	Monitor
	40-inch True3Di (3D mode) 

with polarized glasses
	40-inch True3Di (2D mode)

without polarized glasses


[image: image8.emf]0.220.260.300.340.380.420.46121620242832364044MCIM3D2D


(a) Relationship between number of M and MCI in ACR method
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(b) Relationship between M and MCI in DCR method
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(c) Relationship between M and MCI in DSCQS method
Figure 1 Relationship between M and MCI
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Figure 2 Relationship between M and normalized MCI
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