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Summary

This report presents results of the verification test that was carried out to measure the performance of the new Scalable Video Coding (SVC) extension of ITU-T Rec. H.264 & ISO/IEC 14496-10 Advanced Video Coding (AVC). The test was conducted using conditions suitable for a range of possible application scenarios for progressive video, including
· Video-conferencing with quality scalability for CIF@30fps video, and spatial scalability for 640x352@60fps video with 1280x704@60fps enhancement

· Mobile TV with quality scalability for QVGA@25fps video, and spatial scalability for QVGA@12.5fps with VGA@25fps enhancement

· HD TV with spatial scalability for 720p@50fps with 1080p@50fps enhancement

· Movie production with spatial scalability for 1080p@25fps being the highest resolution, with two lower resolutions

For the performance evaluations, SVC was compared against AVC single layer coding
 by means of subjective testing. Subjective tests were performed following relevant international recommendations using a controlled environment and a high number of test subjects. 

The results of these tests indicate that these various types of scalability for these applications can be achieved with a bit rate overhead typically equal to or less than 10% compared to AVC single layer coding using only the highest resolution in the test case. The bit rate savings obtained by SVC compared to AVC simulcast transmission
 depend on the particular test case, and were found to be between 17% and 40% of the simulcast bit rate.

1 Test scenarios and test conditions
The tests are oriented toward typical application scenarios. They were developed to correspond to intended application of the profiles that are defined for SVC, including spatial scalability as well as quality and combined scalability. The three profiles of SVC, Scalable Baseline, Scalable High, and Scalable High Intra, were each tested. A wide variety of different video sequences showing typical scenes from the respective application areas was used, including video conferencing, sports and documentary-like material. Coding conditions were selected to apply to the respective applications and to also include low delay settings if required by the application. 
1.1 Verification Test
The verification test compares SVC (the scalable extension of AVC) against single layer AVC video coding. Test scenarios and conditions for this test were defined according to the SVC profiles and the applications for which these profiles are developed. The subjective tests were performed at Technische Universität München (TUM) in October and December of 2007.
1.2 Test Scenarios
Test scenarios were derived from the following applications

· Video-conferencing 

· TV Broadcast (mobile TV and HD TV)

· Movie production
The test scenarios include bit rates from 112 kBits/s up to 80 MBits/s, frame rates from 12.5 to 60 fps and spatial resolutions from QVGA to 1080p.

The test scenarios include all three scalability modes (temporal, spatial and SNR scalability) that are supported by SVC and their combination (combined scalability).

The details of the test scenarios are described in Annex B.

1.3 AVC comparison

For generation of the AVC reference bit streams, the same basic encoder configuration as for SVC was to be used and similar type of encoder optimization was applied.
Two different comparison settings were applied: for some test cases SVC was encoded with a 10% additional bit rate relative to the bit rate for AVC single layer coding. This setting was chosen to correspond to the hypothesis that the scalability functionality can be achieved with roughly that amount of increase in bit rate while providing same video quality. For other test cases, SVC and AVC streams were encoded at the same rate.

Details about the encoding of the AVC and SVC bit streams, including descriptions of the bit rates and encoded bit streams that were used, are also provided in Annex B.

2 Subjective tests
The subjective visual tests were performed in the video testing laboratory of the Institute for Data Processing at TUM. The setup of the laboratory is compliant to the recommendations given in ITU-R Recommendation BT.500-11. For resolutions up to XVGA, a Single Stimulus test procedure was used and the sequences were displayed using a DLP projector. For resolutions of 1280x720 and above, a Double Stimulus test method was used and the sequences were displayed on a professional LCD display. All test cases were evaluated by at least 20 test subjects. The test subjects were students who were not familiar with video coding technology and subjective quality evaluation methods. Results of these tests were then screened for outliers and inconsistencies, and finally the mean quality value and 95% confidence intervals were computed.

Details on the subjective tests including test setup, selection, and training of test subjects, as well as processing of the results can be found in Annex C.

3 Results
The test results show that scalability of video bit streams can be provided by SVC when a low cost in terms of bit rate overhead is accepted. No substantial quality penalty was found in the tested SVC application scenarios in comparison to the corresponding AVC results. This was true for spatial scalability as well as for SNR scalability and combined spatial/temporal scalability.
For nearly all tested sequences and test cases, SVC with a 10% bit rate increase provided approximately the same or better subjective quality than AVC. In many test cases the same conclusion would appear likely to have been drawn even if a smaller bit rate overhead margin had been applied for the SVC encodings. Among the individual comparison points that showed a significant difference in quality for SVC with a 10% bit rate increase relative to a corresponding AVC encoding, the number of cases where the SVC quality surpassed the AVC quality exceeded the number of cases where the opposite was the case.
Therefore, it can be concluded that for the tested scenarios the maximum bit rate increase necessary to achieve scalability with comparable quality is 10%, a margin which had been an important benchmark goal of the SVC standardization project. For the Scalable High Profile and Scalable High Intra Profile test cases, typically parity of visual quality was reached for SVC and AVC even at the same bit rates. 
In the tested scenarios, the bit rate savings of SVC in comparison to simulcast of several single-layer AVC bit streams ranged between 17% and 40%. These bit rate savings relative to simulcast are particularly important for applications in which video must be provided with different spatial resolutions, for which simulcast would previously have been the only available AVC-based standardized solution. 

Detailed results are given in Annex A and the attached Excel-sheet. For all test cases the mean value and the 95% confidence intervals are given.
Note on interpretation of the results: : As the test subjects were asked to make use of the full range of the voting scale for every single test session (relating to the different resolution classes) it may appear, that some lower resolution sequences have received a higher vote than the higher resolution versions of the same sequences. It must be observed that the test results are not usable for a direct quality comparison of two different test cases at different resolutions. 

Annex A 
Test results

A.1 General remarks

Results show the mean values and the uncertainty areas of the subjective test results. An additional ANOVA analysis showed that this uncertainty area is very well approximated by the mean value +/- 0.5 times the 95% confidence interval. The meaning of this uncertainty area is such that a second subjective test following the same test procedure but using different test subjects would be highly likely to produce a mean result that lies within this uncertainty area.

Detailed results with subjective values, confidence intervals, PSNR measurements and exact rates are given in the accompanying Excel sheet. In this sheet, also the respective bit rate savings compared to simulcast of the single layer AVC bit streams are given.

For the Scalable Baseline test scenarios, SVC was encoded at 10% additional bit rate. For the Scalable High and Scalable High Intra test scenarios, the target bit rates for AVC and SVC were identical. The two left-most bars represent the base layer for each sequence while the two right- most bars represent the highest enhancement layer (either Layer 1 or Layer 2).
A.2 Scalable Baseline: Broadcasting SNR Scalability
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A.3 Scalable Baseline: Broadcasting Spatial Scalability
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A.4 Scalable Baseline: Conversational SNR Scalability
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A.5 Scalable Baseline: Conversational Spatial Scalability
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A.6 Scalable High: Broadcasting 720p – 1080p
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For this test case some coding artefacts were only visible in the higher resolution version and the visual difference between the original video and the original video was found to be bigger for the 1080p videos. This is also reflected in the percentage of votes where the test subjects were not able to identify the original video correctly, which was 11% for the 720p test cases and 6% only for the 1080p test cases. The higher difference between the original video and its coded version is also reflected in the respective PSNR values that are higher for the 720p case (PSNR values are given in the Excel-sheet that comes with this document).
A.7 Scalable High Intra: Professional Manipulation Dyadic
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A.8 Scalable High Intra: Professional Manipulation Non-Dyadic
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Annex B 
Test scenarios and test conditions

B.1 Test scenarios, overview

This overview table lists the main properties of the different test scenarios. More details are given in the following sections.
All test scenarios contain progressive videos only.

	Test Scenario
	Layer
	Characteristics
	Profiles / Tools
	Bit rate (AVC)


	Baseline Conversational SNR (SBC1)
	0
	CIF@30fps
	AVC Baseline profile
	125 kBit/s

	
	1
	CIF@30fps
	Scalable Baseline profile without B pictures and weighted prediction (including CABAC and 8x8 transform in the enhancement layer)
	375 kBit/s

	Baseline Conversational Spatial (SBC2)
	0
	640x352@60fps
	AVC Baseline profile
	540 KBit/s

	
	1
	1280x704@60fps
	Scalable Baseline profile without B pictures and weighted prediction (including CABAC and 8x8 transform in the enhancement layer)
	1620 KBit/s 

	Baseline Broadcasting SNR (SBB1)
	0
	QVGA@12.5fps
	AVC High profile
	192 KBit/s

	
	1
	QVGA@12.5fps
	Scalable Baseline without weighted prediction
	384 KBit/s

	Baseline Broadcasting Spatial (SBB2)
	0
	QVGA@12.5fps
	AVC High profile
	256 KBit/s

	
	1
	VGA@25fps
	Scalable Baseline without weighted prediction
	768 KBit/s

	High Broadcasting Spatial (SHB1)
	0
	720p@50fps
	AVC High profile without weighted prediction
	6 MBit/s

	
	1
	1080p@50fps
	Scalable High without weighted prediction
	10 MBit/s

	High Intra Video Manipulation Dyadic (SHI1)
	0
	480x272@25fps
	AVC High Profile with deblocking off
	7.5 MBit/s

	
	1
	960x544@25fps
	Scalable High Intra profile with deblocking filter off
	22.5 MBit/s

	
	2
	1920x1088@25fps
	Scalable High Intra profile with deblocking filter off
	75 MBit/s

	High Intra Video Manipulation Non-Dyadic (SHI2)
	0
	640x352@25fps
	AVC High Profile
	10 MBit/s

	
	1
	1280x720@25fps
	Scalable High Intra profile
	30 MBit/s

	
	2
	1920x1088@25fps
	Scalable High Intra profile
	80 MBit/s


B.2 Coding conditions

In the following, the detailed coding conditions for the different test cases are described
B.2.1 Test Sequences and bit rates

The test sequences used were selected to correspond to the respective application areas and to cover a wide range of possible conditions. The following table lists all used sequences with their target bit rates. For tests SBC1, SBC2, SBB1, SBB2, the bit rates for SVC are increased by 10% relative to the bit rates for AVC. For all other test cases, target bit rates are identical for both codecs.

	Sequence
	Test
	Layer
	Rate AVC
	Rate SVC

	Ofer, Vidyo3, Vidyo4
	SBC1
	0
	113 kBit/s
	125 kBit/s

	
	
	1
	340 kBit/s
	375 kBit/s

	Paris
	
	0
	181 kBit/s
	200 kBit/s

	
	
	1
	545 kBit/s
	600 kBit/s

	Vidyo1, Vidyo2, Vidyo3, Vidyo4
	SBC2
	0
	490 kBit/s
	540 kBit/s

	
	
	1
	1472 kBit/s
	1620 kBit/s

	Crew, Soccer
	SBB1
	0
	174 kBit/s
	192 kBit/s

	
	
	1
	349 kBit/s
	384 kBit/s

	Crowdrun, Seeking
	
	0
	349 kBit/s
	384 kBit/s

	
	
	1
	698 kBit/s
	768 kBit/s

	Crew
	SBB2
	0
	349 kBit/s
	384 kBit/s

	
	
	1
	1047 kBit/s
	1152 kBit/s

	CrowdRun
	
	0
	930 kBit/s
	1024 kBit/s

	
	
	1
	2792 kBit/s
	3072 kBit/s

	Seeking
	
	0
	465 kBit/s
	512 kBit/s

	
	
	1
	1396 kBit/s
	1536 kBit/s

	Soccer
	
	0
	232 kBit/s
	256 kBit/s

	
	
	1
	698 kBit/s
	768 kBit/s

	AlohaWave, Seeking
	SHB1
	0
	4.50 MBit/s
	4.50 MBit/s

	
	
	1
	6.00 MBit/s
	6.00 MBit/s

	CrowdRun
	
	0
	9.75 MBit/s
	9.75 MBit/s

	
	
	1
	13.00 MBit/s
	13.00 MBit/s

	Umbrella
	
	0
	7.50 MBit/s
	7.50 MBit/s

	
	
	1
	10.00 MBit/s
	10.00 MBit/s

	CrowdRun, ParkJoy
	SHI1
	0
	7.50 MBit/s
	7.50 MBit/s

	
	
	1
	22.50 MBit/s
	22.50 MBit/s

	
	
	2
	75.00 MBit/s
	75.00 MBit/s

	IntoTree, OldTownCross
	
	0
	5.00 MBit/s
	5.00 MBit/s

	
	
	1
	15.00 MBit/s
	15.00 MBit/s

	
	
	2
	50.00 MBit/s
	50.00 MBit/s

	CrowdRun, ParkJoy
	SHI2
	0
	10.00 MBit/s
	10.00 MBit/s

	
	
	1
	30.00 MBit/s
	30.00 MBit/s

	
	
	2
	80.00 MBit/s
	80.00 MBit/s

	IntoTree, OldTownCross
	
	0
	7.50 MBit/s
	7.50 MBit/s

	
	
	1
	22.50 MBit/s
	22.50 MBit/s

	
	
	2
	75.00 MBit/s
	75.00 MBit/s


For the test cases SHI1 and SHI2 it was not possible to produce bit streams with exactly equal rate for the two enhancement layers. Especially for the second enhancement layer, the differences in bit rate could be as high as 10%. However there is no systematic advantage for SVC or AVC.
B.2.2 Coding Tools and Coding Conditions
The following table lists the coding tools and coding conditions that were used to generate the bit streams.

	Test Case
	Layer
	Coding Conditions for SVC
	Coding Conditions for the AVC references

	SBC1, SBC2
	0
	AVC Baseline profile:

· low-delay hierarchical P pictures with 3 temporal levels (GOP size of 4 pictures) and without motion-compensated prediction from pictures that are located in the future

· one I picture at the beginning of the sequence

	
	1
	Scalable Baseline profile:

· low-delay hierarchical P pictures with 3 temporal levels (GOP size of 4 pictures) and without motion-compensated prediction from pictures that are located in the future

· one I picture at the beginning of the sequence

· CABAC and 8x8 transform

· without B slices and weighted prediction

· inter-layer prediction tools
	AVC Baseline profile:

· low-delay hierarchical P pictures with 3 temporal levels (GOP size of 4 pictures) and without motion-compensated prediction from pictures that are located in the future

· one I picture at the beginning of the sequence

	SBB1, SBB2
	0
	AVC Baseline profile:

· hierarchical P pictures with 4 temporal levels (GOP size of 8 pictures)

· about 2-second intra-period

	
	1
	Scalable Baseline Profile:

· hierarchical B pictures with 4 temporal levels (GOP size of 8 pictures) for the SBB1 test and 5 temporal levels (GOP size of 16 pictures) for SBB2 test

· about 2-second intra-period (48 pictures)

· CABAC and 8x8 transform

· without weighted prediction

· inter-layer prediction tools
	AVC High Profile:

· hierarchical B pictures with 4 temporal levels (GOP size of 8 pictures) for the SBB1 test and 5 temporal levels (GOP size of 16 pictures) for SBB2 test

· about 2-second intra-period (48 pictures)

· CABAC and 8x8 transform

· without weighted prediction

	SHB1
	0
	AVC High Profile:

· hierarchical B pictures with 4 temporal levels (GOP size of 8 pictures)

· intra period of about 0.5 seconds (24 pictures)

· CABAC and 8x8 transform

· without weighted prediction

	
	1
	Scalable High Profile:

· hierarchical B pictures with 4 temporal levels (GOP size of 8 pictures)

· intra period of about 0.5 seconds (24 pictures)

· CABAC and 8x8 transform

· without weighted prediction

· inter-layer prediction tools
	AVC High Profile:

· hierarchical B-pictures with 4 temporal levels (GOP size of 8 pictures)

· intra period of about 0.5 seconds (24 pictures)

· CABAC and 8x8 transform

· without weighted prediction

	SHI1
	0
	AVC High Profile:

· all pictures were intra coded

· CAVLC as entropy coding method

· deblocking filter on

	
	1, 2
	Scalable High Intra profile:

· all pictures were intra coded

· CAVLC as entropy coding method

· deblocking filter on

· inter-layer prediction tools
	AVC High profile:

· all pictures were intra coded

· CAVLC as entropy coding method

· deblocking filter on

	SHI2
	0
	AVC High Profile:

· all pictures were intra coded

· CABAC as entropy coding method

· deblocking filter off

	
	1, 2
	Scalable High Intra profile:

· all pictures were intra coded

· CABAC as entropy coding method

· deblocking filter off

· inter-layer prediction tools
	AVC High profile:

· all pictures were intra coded

· CABAC as entropy coding method

· deblocking filter off


Sequences decoded from Scalable High Profile bit streams were compared to sequences decoded from High Profile bit streams.

Some Scalable Baseline Profile bit streams contained High Profile tools in the scalable layers. Therefore High Profile references were used for these cases.
B.2.3 Software used

The following table lists the software that was used to encode and decode the bit streams. For some test cases configuration files are available. These are included within this document package.

	Test Case
	software for encoding / decoding

	SBC1, SBC2
	encoding: JSVM software version 8.5 with additional multi-layer encoder control

decoding: JSVM software version 8.5

	SBB1, SBB2
	encoding: JSVM software version 8.5 with additional multi-layer encoder control and support of inter-layer motion prediction from P pictures (in the base layer) to B pictures (in the enhancement layer)

decoding: JSVM software version 8.5 with a fix related to inter-layer motion prediction from P to B pictures (*)

	SHB1
	encoding: JSVM software version 9.6 with additional cropping rectangle support

decoding: JSVM software version 9.6 with additional cropping rectangle support (*)

	SHI1, SHI2
	encoding: JSVM software version 8.12

decoding: JSVM software version 8.12


(*) All decoder modifications represent bug fixes to the software.
B.3 Verification

All bit streams were decoded at RWTH Aachen University and the decoded bit streams were compared with the decoded videos that were delivered for the subjective tests. Selected video sequences were encoded at RWTH Aachen University using the configuration files provided by the companies doing the encoding to check if the encoding could be reproduced. All encoded bit streams and decoded videos matched perfectly.

Bit streams used for this test as well as decoders will be made public available and can be obtained from http://ip.hhi.de/imagecom_G1/savce/index.htm.
Annex C 
Subjective Testing

C.1 Grouping of sequences into single test sessions

The sequences were grouped into seven different resolution classes corresponding to seven slightly different test setups:

	Class
	Resolutions

	QVGA
	320x240 @ [12.5, 25]fps 

	CIF
	352x288 @ [25, 30] fps

	480x272
	480x272 @ 25 fps

	960x544
	960x544 @ 25 fps

	VGA
	640x480 @ [25,50] fps, 640x352 @ 60 fps

	720p
	1280x720 @ [25,50,60] fps

	1080p
	1920x1080 @ [25,50] fps


For displaying the progressive scanned sequences up to a resolution of 960x544 pixel a DLP projector was used. The progressive scanned sequences with a resolution of 1280x720 and above were displayed on a professional video LCD monitor (Cine-Tal Cinemage display). All sequences were displayed at their native spatial resolution and also all display devices were used at their native resolution.

C.2 Organization of the subjective tests

The Single Stimulus as well as the Double Stimulus test method was explained to the subjects and an extensive training session of about 15 minutes was held for both test methods. Before a test for a new resolution class was started an adaptation test was done. This adaptation test included a minimum of 6 test cases that cover the whole quality range that will be present in the test.

The training tests as well as the adaptation tests do not include sequences that will be presented during the real tests. The following sequences were used for this purpose: 

· Deadline

· Football

· Foreman

· Husky

· IntoTree

· Mobile&Calendar

· OldTownCross

· ParkJoy

· Station

· Tempete

· Tractor

· Vintage Car

Each single test session started with a stabilization phase of at least three test cases covering the whole quality range of the test. The presence of this stabilization phase was not disclosed to the subjects and these votes were later discarded.

All tests were performed by at least 20 test subjects, all of them students with no or only very little experience in video coding or video quality assessment. All subjects were screened for visual acuity using a Snellen ‘tumbling E’ chart. Testing for color vision was performed using Ishihara color charts. All test subjects showed to have better than normal vision (6/3 acuity).
C.3 Test methods

For both tests the same discrete scale with eleven grade ranging from 0 to 10 was used. This voting scale is shown in Figure 2. The subjects were especially asked to make use of a broad range of the scale for every single test session.
C.3.1 Single Stimulus – SSMM

The evaluation of coded video in absence of an unimpaired reference, demands for the usage of a particular test method, i.e. the Single Stimulus Multi-Media (SSMM) test method. This method was used throughout all tests during the development of SVC starting with the evaluation of the Call for Proposals and has proven to deliver reliable and stable results.

The distance between the screen and the viewer has to be defined according to the dimensions of the images which have to be assessed. For the given test cases the following distances (in measurements of picture height) were used:

	Class
	Display
	Distance

	QVGA
	DLP Monitor
	6H (2.5m)

	CIF
	DLP Monitor
	6H (3m)

	480x272
	DLP Monitor
	6H (3m)

	960x544
	DLP Monitor
	4H (4.5m)

	VGA
	DLP Monitor
	4H (3.75m)

	720p
	LCD screen
	4H (0.8m)

	1080p
	LCD screen
	3H (1.2m)


It is well known that all the test methods are more or less are affected by an effect due to the order of presentation of the material
. This effect is particularly strong in the SS category test methods where no reference is present; to reduce this effect SSMM is designed to present twice any condition under test to the subjects.  This allows minimizing the contextual effect.  The protocol of the SSMM test method is shown in Figure 1; a sequence is presented for 10 seconds and then followed by a message inviting the subjects to vote, that stands for 4 seconds.
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Figure 1 SS Presentation Structure
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Each condition under test will receive two votes and the final score is obtained making the mean of the two values. The variance is computed on the whole votes as well as the 95% CI values.
C.3.2 Double Stimulus – DSUR
The Double Stimulus Unknown Reference (DSUR) is a variant oft he well known DSIS or DSCQS test. While the ordering of the sequences is equal to the DSCQS test and a pair of sequences, being the coded sequence and the un-coded original reference sequence is shown twice the voting procedure is slightly different.

Seeing the pair of sequences the first time the subjects should decide if A or B represent the un-coded original. Only when the pair is shown the second time the subjects should rate the coded sequence relative to the un-coded original. Using this simple trick the concentration of the subjects is kept high even if the un-coded original sequence is shown several times.

Again the 11 grade discrete scale also used in the SSMM above is used. Note that in this case only one vote is given to the coded sequence in addition to an indication if the subject decided if A or B is the un-coded reference.
Note that the same display was used to display the 720p and 1080p test cases. As the display was always used at its native resolution and no interpolation was done the size of the 720p videos was smaller than the size of the 1080p videos.
C.4 Processing of the results
For the SS tests, where every test case received two votes, votes were considered to be outliers if the two votes from the same person for the same test case have a difference that is greater than three. Votes were also considered to be outliers, if the difference between the mean vote for one person and one test case and the mean vote for this test case from all other persons exceeded three and if this special vote could not be explained by a systematic difference (e.g. this person could give lower votes in general). If the number of outliers for one subject exceeded 15% all votes for this person would be removed
. No single votes were removed, but always both votes for the same test case were removed. The overall percentage of removed outliers was below 4%.

For the DS test two low quality sequences were repeated during the test to check the consistency of the votes. Here no test subject gave votes that vary more than two. For the 720p test cases 6% of the votes were inversed (meaning that the processed sequence was considered to be the reference sequence), for the 1080p test cases this inversion rate was 86.5%. For all of these inversion cases the test subjects originally rated either 9 or 10. For calculation of the results any inversion case was treated as if the subject would have voted 10 for the processed sequence.

For all test cases the mean values and the 95% confidence intervals (CI) were computed. The 95% confidence intervals were in a range between 0.2916 and 1.2618, the mean confidence interval was 0.54.59. The error bars in the compiled results show the height of these confidence intervals.
Annex D 
Organisational issues
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Figure � SEQ Figure \* ARABIC �2� Voting Scale
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� AVC single layer coding refers to the transmission of exactly one resolution using AVC


� AVC simulcast transmission refers to the transmission of all resolutions using AVC


� Bit rates listed for different sequences given here are the most common cases of exact target rates for each sequence listed in the following Table.


� This effect is known as “Contextual effect” and characterises, more or less, quite all the test methods; it is due to the short term memory of the humans that tend to be more relaxed in their judgement when the video material they’ve just seen was of a quality close the one currently under evaluation; in other term when two subsequent conditions have highly different quality the judgement is not as fair as when two subsequent conditions have quite the same quality.


� One test person out of more than 40 was removed for this reason.
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