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1 Introduction

This document describes the results of a verification test for the HEVC extension for the coding of multi-view video (known as MV-HEVC), which was performed during the 14th JCT-3V meeting (San Diego, 22–26 February 2016) – based on a test plan established at the previous meeting. A description of the test conditions, subjective testing methodology, and test results is provided.
2 Test Conditions
2.1 Test Sequences

The multi-view video sequences that were used for the verification test are specified in the table below.

	Seq. ID
	Name of Test Sequence
	View number (left-right)

	S03
	Undo_Dancer
	3-5

	S04
	GT_Fly
	5-3

	S13
	Band06
	0-1

	S14
	BMX
	0-1


2.2 Encoder Configuration
Three codec configurations were assessed in the subjective test:

· MVC: AVC-based multi-view video coding (in which the non-base view is coded using inter-view prediction)
· Simulcast HEVC, in which each view is coded independently
· MV-HEVC: HEVC-based multi-view video coding (in which the non-base view is coded using inter-view prediction)
In HEVC and its MV-HEVC extension, as well as in MVC and most other international standards for video coding, the encoding method is left outside the scope of the video coding standard. Only the format of the bitstream syntax and the decoding process are standardized. (Encoder pre-processing, decoder post-processing, display adaptation, and recovery from data losses and corruption are also left outside the scope of the standard.) This particularly allows encoder designers the freedom to develop their own encoding algorithms, while ensuring that interoperability for decoding is maintained. Nevertheless, when trying to assess the compression capability of a standard, it is necessary for some particular encoding algorithm(s) to be selected to reasonably represent its capability. Moreover, when comparing different coding schemes under well-controlled circumstances, it is generally helpful to use comparable encoding techniques and configurations for the coding schemes that will be compared. In this instance, a recent version of the reference software known as the 3D-HTM, which was developed as part of the work on developing the MV-HEVC standard itself, was used for the Simulcast and MV-HEVC encodings, and a recent version of the reference software known as the JM, which was developed as part of the work on developing AVC and its extensions, were used for this verification test. The 3D-HTM software encoder is capable of operating either as an MV-HEVC layered multi-view encoder or as a "single-layer" ordinary HEVC encoder, and can apply similar encoder decision-making processes in both contexts. The JM software encoder also uses similar encoder decision-making processes as used in the 3D-HTM.
The encoder configuration settings for both encodings are consistent with the common test conditions (CTC), which are outlined below:

· Inter-view coding structure
· 2 view case: left-right (in coding order)
· I-P inter-view prediction for MVC and MV-HEVC
· Temporal prediction structure: GOP 8, intra every 24 frames (random access at ~1sec)

· Full resolution texture coding
· Codec software: JM v18.6 for MVC, and 3D-HTM v14.1 for Simulcast HEVC and MV-HEVC
For the subjective comparison, 4 rate points were produced, such that average PSNR values of the left and right views are almost the same for all coding methods. The decided QP values for the independent and dependent views are summarized below:
	Test Sequence
	QP values (Independent view/dependent view)

	
	MVC
	Simulcast HEVC
	MV-HEVC

	
	R1
	R2
	R3
	R4
	R1
	R2
	R3
	R4
	R1
	R2
	R3
	R4

	S03:Undo_Dancer
	23/25
	28/29
	32/35
	37/39
	25
	30
	35
	40
	24/27
	30/33
	35/38
	40/43

	S04:GT_Fly
	23/24
	27/30
	32/33
	36/37
	25
	30
	35
	40
	24/27
	29/32
	35/38
	39/42

	S13:Band06
	23/25
	28/29
	32/34
	36/39
	25
	30
	35
	40
	24/27
	29/32
	34/37
	39/42

	S14:BMX
	22/24
	26/28
	30/32
	34/37
	25
	30
	35
	40
	24/27
	29/32
	34/37
	39/42


3 Coding Results and Objective Evaluation
Based on the coding condition, a bitstream for each rate point and codec configuration was obtained, as given in the table below:
	Test Sequence
	Rate points
	MVC
	Simulcast HEVC
	MV-HEVC

	
	
	Bitrate [kbps]
	PSNR [dB]
	Bitrate [kbps]
	PSNR [dB]
	Bitrate [kbps]
	PSNR [dB]

	S03:Undo_Dancer
	R1
	9330.47
	38.82
	9276.81
	38.79
	6547.42
	39.09

	
	R2
	4175.72
	35.82
	4018.01
	35.90
	2316.68
	35.70

	
	R3
	2216.05
	33.39
	1836.04
	33.36
	1058.98
	33.22

	
	R4
	1189.35
	31.05
	850.69
	31.06
	497.01
	30.94

	S04:GT_Fly
	R1
	8003.76
	40.22
	7437.65
	40.25
	5071.39
	40.50

	
	R2
	3771.89
	37.83
	3239.10
	37.82
	2110.64
	38.07

	
	R3
	1964.56
	35.46
	1517.04
	35.62
	833.49
	35.48

	
	R4
	1239.31
	33.45
	732.18
	33.46
	465.55
	33.77

	S13:Band06
	R1
	9540.44
	40.09
	8599.87
	40.14
	6477.06
	40.10

	
	R2
	4451.53
	38.07
	4059.04
	38.15
	2832.68
	38.21

	
	R3
	2482.01
	35.95
	2023.38
	35.96
	1394.22
	36.07

	
	R4
	1531.70
	33.75
	1036.08
	33.75
	716.55
	33.88

	S14:BMX
	R1
	8106.66
	40.68
	4882.07
	40.68
	3750.15
	40.60

	
	R2
	4340.45
	39.19
	2430.42
	39.20
	1784.74
	39.10

	
	R3
	2583.66
	37.29
	1328.58
	37.28
	950.88
	37.20

	
	R4
	1574.70
	35.00
	772.22
	35.09
	537.46
	35.03


The table below shows the Bjøntegaard Delta (BD) bitrates reductions obtained by MV-HEVC in comparison to MVC and Simulcast HEVC.
	Test Sequence
	BD-rate reduction of MV-HEVC [%] relative to

	
	MVC
	Simulcast HEVC

	S03: Undo_Dancer
	-45.7
	-38.7

	S04: GT_Fly
	-52.9
	-41.0

	S13: Band06
	-43.3
	-31.7

	S14: BMX
	-60.6
	-25.6

	Average
	-50.6
	-34.2


For each rate point and test sequence, the bit rate reduction of MV-HEVC over either MVC or Simulcast HEVC is given in the table below.
	Test Sequence
	Bit rate difference [ % ]

	
	( MV-HEVC – MVC ) / MVC
	( MV-HEVC – Simulcast ) / Simulcast

	
	R1
	R2
	R3
	R4
	Average
	R1
	R2
	R3
	R4
	Average

	S03: Undo_Dancer
	-29.8
	-44.5
	-52.2
	-58.2
	-46.2
	-29.4
	-42.3
	-42.3
	-41.6
	-38.9

	S04: GT_Fly
	-36.6
	-44.0
	-57.6
	-62.4
	-50.2
	-31.8
	-34.8
	-45.1
	-36.4
	-37.0

	S13: Band06
	-32.1
	-36.4
	-43.8
	-53.2
	-41.4
	-24.7
	-30.2
	-31.1
	-30.8
	-29.2

	S14: BMX
	-53.7
	-58.9
	-63.2
	-65.9
	-60.4
	-23.2
	-26.6
	-28.4
	-30.4
	-27.1

	Average
	-38.1
	-46.0
	-54.2
	-59.9
	-49.5
	-27.3
	-33.5
	-36.7
	-34.8
	-33.1


4 Subjective Evaluation
The different codec configurations were evaluated through formal subjective testing on stereoscopic displays. The evaluation was performed based on the coded stereo views as specified in the table of section 2.1. The expert viewing protocol described in the rest of this section was used in the verification test.
4.1 Expert Viewing Protocol
The visual evaluation provided by the three coding schemes was made by means of an “Expert Viewing Protocol” (EVP). The EVP is based on the participation of experts, who were not directly involved in the activities related to the tested video materials.

The EVP is a new visual evaluation protocol recently standardized by SG6 [2], whose main features are:
1. Only 9 experts participate as viewers in each EVP session,

2. The “unimpaired” Source video Clip (SRC) is shown once, followed by two Processed Video Sequences (PVSs),
3. Experts are required to compare the PVS with the SRC, and to rate them separately.
Therefore, the viewing timing of an EVP Basic Test Cell (BTC) is set up as shown in Figure 1.
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Figure 1 – Time scale of EVP Basic Test Cell
Here, the captions “BTC-N”, “A”, “B”, and “Vote A and B” represent messages that are displayed on the screen. Such timing allows saving a considerable amount of time in relation to a standard Double Stimulus test protocol, since the experts have more habit in viewing images and can remember much better the details of a reference video clip.

The time required by EVP to evaluate two PVSs is 37 seconds, against a total of 54 seconds required by other classic double stimulus methods, thus saving approximately 33% of viewing time.

In line of principle an EVP viewing experiment does not necessarily require a stabilization phase, as well as the insertion of one or more SRC vs. SRC test cells, due to the high ability of experts to create their own evaluation scale. Thus, the overall session length can further be reduced another 10%.

4.2 Test design

The test was designed with as many test sessions as those necessary to evaluate all the PVSs, but in a way such that each test session was not longer than 15 minutes.
The orders of presentation of the PVSs inside a BTC were randomly changed (to avoid any bias in the judgment) every 2 viewers.

An 11-grade impairment scale was used to assess the visual quality of the coded video clips (PVSs).
A short training was provided to the viewers in order to explain:

· the timing of presentation of the video clips on the screen,
· how to fill out the scoring sheet,

· meaning of each of the 11 grades in the impairment scale.
The 11-grade impairment scale allowed the viewers to express a judgement of the degradation (if any) observed between the “SRC” and the processed video clips (PVS). 

A short training session (namely 6 BTCs) was run to let the viewers understand when to look at the screen and when to look at the scoring sheet, and how and when to express their scores.

The BTCs of the training session included PVSs equally representing the overall impairment range.

The viewers were suggested to carefully look at the video clips shown immediately after the message “A” and “B”, to notice if they were able to see any difference with the video clip shown after the message “BTC-N”.

The following guidance about the meaning of the numerical scoring was given to the viewers:

· no difference between the SRC and PVSs: score is 10.

· if just very small impairment was visible, the score is “9”; the score is “8” if more small impairments were noted.

· Scores 7 and 6 are given, if the impairment are clearly visible.

· Scores 5 and 4 are given, if impairments are evident at first sight.

· Scores 3 and 2 are given, when impairments are annoying. 
· Scores 1 and 0 are given, when the image is severely corrupted, in some area or everywhere.

4.2.1 Scoring Sheet
Experts used paper scoring sheets and an example of the scoring sheet for an EVP session is shown in Figure 2.
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Figure 2 – Example of EVP Scoring Sheet
5 Results of Subjective Tests
The results of the subjective tests are provided in this section.

5.1 Graphical Results
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Figure 3 – Test Results
6 Conclusions

The graphs shown in chapter 5 and the tables of bit-rate differences provided in chapter 3 provide clear evidence of superiority for the MV-HEVC codec configuration, relative to the other two tested configurations. The visual improvement between MV-HEVC and the other two configurations (MVC and Simulcast HEVC), is clearly confirmed by the considerable decrease in bit rate for all the test conditions considered. The gain in bit rate ranges between 30% and 50% on average. Furthermore an overall visual quality improvement is evident for all the test sequences where significant statistical difference can be note for the majority of test points. Thus, MV-HEVC shows clear improvements over the HEVC simulcast version in providing a similar subjective quality at a bit rate decrease of ~33% due to the use of inter-view prediction in MV-HEVC. At the same time, also a clear improvement of MV-HEVC over MVC, the multiview extension of AVC was obtained, where a similar comparable quality was achieved for MV‑HEVC at a bit rate reduction of ~50%. Here, both MV-HEVC and MVC are applying inter-view prediction, while representing multi-view extensions of the different 2D base standards HEVC and AVC. Accordingly, this verification test shows, that a similar coding gain of MV-HEVC over MVC was achieved, as for the 2D base versions of HEVC over AVC.
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