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Summary

The results of the formal subjective verification tests carried out to evaluate the performance of AVC (ISO/IEC 14496-10 | ITU-T Rec. H.264) compared to MPEG-4 Visual (ISO/IEC 14496-2) and MPEG-2 Video (ISO/IEC 13818-2) standards are documented in this report.

The test has verified that AVC provides a significant coding efficiency improvement over the codecs to which it was compared.

The overall results show that the AVC achieved a coding efficiency improvement of 1.5 times or greater in 78% (66 out of 85) of the statistically conclusive cases, out of which 77% (51 out of 66) show improvements of 2 times or greater.

1. Introduction

The AVC (ISO/IEC 14496-10 | ITU-T Rec. H.264)standard was developed by the Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG (ISO/IEC JTC 1/SC 29/WG 11 and ITU-T SG16 Q.6).  A formal evaluation of the standard’s coding efficiency compared with MPEG-4 Visual (ISO/IEC 14496-2) and MPEG-2 Video (ISO/IEC 13818-2) standards was conducted to provide an authoritative report of the performance of the standard.

This document describes the test procedures and the results of the coding efficiency evaluation test. The test has been conducted and carried out at the laboratories of FUB/ISCTI (Italy), NIST (USA) and TUM (Germany).
2. Context and Test Motivation

2.1. AVC (ISO/IEC 14496-10 | ITU-T Rec. H.264)
The approval process of AVC (ISO/IEC 14496-10) in ISO/IEC was completed by final draft approval by WG 11 in March 2003, followed by ISO/IEC ballot approval in October 2003.

The approval process of Recommendation H.264 in the ITU-T was completed by a “decision” (final approval) by ITU‑T SG 16 in May 2003.

The AVC currently has 3 profiles: Baseline, Main and Extended.  It was designed to cover a broad range of applications for video content including but not limited to the following:

· Cable TV on optical networks, copper wired networks, etc.

· Direct broadcast satellite video services

· Digital subscriber line video services

· Digital terrestrial television broadcasting

· Interactive storage media (optical disks, etc.)

· Multimedia mailing

· Multimedia services over packet networks

· Real-time conversational services (videoconferencing, videophone, etc.)

· Remote video surveillance

· Serial storage media (digital VTR, etc.)

2.2. Verification Tests

The verification test compares compression performance of AVC with that of previous MPEG standards as commonly used in the intended application areas.  Four sets of tests were defined based on application areas and latency issues.  One test was targeted at the Baseline Profile and the remaining three tests at the Main Profile.  Further tests may be defined when new application areas are identified.

For the Baseline profile, the following test was defined. The test targets interactive applications where minimal latency is required. 

2.2.1. Multimedia Definition Baseline Profile Test (MD Baseline Test)

Key applications in this area include conversational, low delay applications such as video conferencing, internet video chat and mobile video phones.  Common video resolutions are QCIF and CIF and are encoded at 1 Mbps or less.  The test compared the AVC Baseline @ L2 against MPEG-4 Visual SP @ L3.

For the Main profile, tests were targeted at applications where latency is allowed. This encompasses an extremely wide range of applications, including key applications such as broadcast, streaming and storage.  The tests were divided into three sub-tests that cover different resolutions, formats and content type. The following three tests were defined.

2.2.2. Multimedia Definition Main Profile Test (MD Main Test)

For QCIF and CIF material encoded at 1 Mbps or less, the test compared AVC Main @ L2 against MPEG-4 Part 2 ASP @ L3.  This covers applications such as delivery of stored or live video content over the internet and other networks including 3G networks.  Typical content types include online news, music videos and movie trailers.

2.2.3. Standard Definition Main Profile Test (SD Main Test)

For SD material encoded at 8Mbps or less, the test compared the AVC Main @ L3 against MPEG-2 MP@ML.  This covers applications such as digital storage and broadcast, in-home servers and camcorders. Typical content types include sports, commercial movies and home movies.

2.2.4. High Definition Main Profile Test (HD Main Test)

For HDTV material encoded at 20Mbps or less, the test compared the AVC Main @ L4 against MPEG-2 MP@HL. This covers applications such as digital broadcast of HDTV and digital storage of HD material (HD DVD). Typical content types include sports and high definition movies

In addition when compared to MPEG-2, a comparison to codecs with a similar level of optimisation as the preliminary implementations of AVC was conducted.  The MPEG-2 reference software (MPEG-2 TM5) and MPEG-2 encoders that has been optimised (MPEG-2 HiQ) were used.

3. Time Schedule

The formal subjective test as described in N6035 [1], was prepared and conducted between the 66th and the 67th MPEG meetings. The actual schedule of this test is listed below.
1) Pre-selection of test material 



19 to 24 October 2003

2) Material Delivered to NIST



25 October to 3 November 2003

3) Material Delivered to ISCTI/FUB



10 to 27 November 2003

4) Conducting Test at NIST




5 to 24 November to 2003

5) Conducting Test at ISCTI/FUB & TUM


19 November to 4 December 2003

6) Statistical analysis of results completed


1 December to 8 December 2003 

7) Draft Test Report (Sunday Ad Hoc Meeting)

7 December 2003

4. Test Conditions

4.1. Source Sequence Preparation

Color conversion from 4:2:2 to 4:2:0 was performed for the HD and SD material as documented in N6295 [2] and N6296 [3], respectively.  The sub-sampling from SD material to CIF and QCIF material was performed according to the specification in document N3908 [4].

4.2. Bitstream Generation and Verification

The HD and SD bitstreams were encoded using the MPEG-2 reference software (MPEG-2 TM5) and MPEG-2 real-time high quality (MPEG-2 HiQ) commercial encoders.  The MD bitstreams were encoded using the MPEG-4 SP and MPEG-4 ASP encoders.
4.3. Coding Parameters

The formal test has been conducted according to the conditions below.

4.3.1. MD Baseline Test

The test conditions for the MD Baseline test are listed in the table below.

	Test
	MD Baseline Test

	Codecs
	AVC Baseline @ L2 compared against MPEG-4 Part 2 SP @ L3

	Resolution
	CIF (352x288)
	QCIF (176x144)

	Sequences
	Foreman, Head with Glasses, Paris, PanZoom 
	Foreman, Head with Glasses, Paris, PanZoom

	Input rate
	15 frames per second
	10 frames per second

	Bitrate
	768 kbps, 384 kbps, 192 kbps, 96 kbps
	192 kbps, 96 kbps, 48 kbps, 24 kbps

	Maximum allowed intra refresh period
	No restriction (I for 1st picture only)


Table 4‑1: Test conditions for the MD Baseline test.
4.3.2. MD Main Test

The test conditions for the MD Main test are listed in the table below.
	Test
	MD Main Test

	Codecs
	AVC Main @ L2 compared against MPEG-4 Part 2 ASP @ L3

	Resolution
	CIF (352x288)
	QCIF (176x144)

	Sequences
	Mobile & Calendar, Husky, 
	Tempete, Football
	Mobile & Calendar, Husky, 
	Tempete, Football

	Input rate
	12 frames per second
	15 frames per second
	8 frames per second
	10 frames per second

	Bitrate
	768 kbps, 384 kbps, 192 kbps, 96 kbps
	192 kbps, 96 kbps, 48 kbps, 24 kbps

	Maximum allowed intra refresh period
	2 seconds


Table 4‑2: Test conditions for the MD Main test.
4.3.3. SD Main Test

The test conditions for the SD Main test are listed in the table below.
	Test
	SD Main Test

	Codecs
	AVC Main @ L3 compared against MPEG-2 MP@ML (MPEG-2 TM5 & HiQ)

	Resolution
	SD 

	Sequences
	Mobile & Calendar, Husky
	Tempete, Football

	Input rate
	50 fields per seconds
	60 fields per seconds

	Bitrate
	6 Mbps, 4 Mbps, 3 Mbps, 2.25 Mbps, 1.5 Mbps (AVC only)

	Maximum allowed intra refresh period
	0.5 seconds


Table 4‑3: Test conditions for the SD Main test.
4.3.4. HD Main Test

The test conditions for the HD Main test are listed in the table below.
	Test
	HD Main Test

	Codecs
	AVC Main @ L4compared against MPEG-2 MP@HL (MPEG-2 TM5 & HiQ)

	Resolution
	720(60p)
	1080(30i)
	1080(25p)

	Sequences
	Harbour, Crew
	Stockholm Pan, New Mobile & Calendar
	Vintage Car, Riverbed

	Input rate
	60 frames per second
	60 fields per second
	25 frames per second

	Bitrate
	20Mbps, 10Mbps, 6Mbps
	20Mbps, 10Mbps
	20Mbps, 10Mbps, 6Mbps

	Maximum allowed intra refresh period
	0.5 seconds


Table 4‑4: Test conditions for the HD Main test.
4.4. Other Encoding and Decoding Conditions

The following encoder and decoder settings were also used.

a) Bitstreams conformed to the given file size and were compliant to the VBV/HRD models.

b) Post filtering was used depending on common industry practice:

1) For Main profile SD and HD tests post filtering was not used.

2) For Low bitrate CIF and QCIF tests post filtering was used.

c) Pre-filtering was used in some cases (depending on the volunteers’ choice).

d) The number of reference frames was limited to the maximum specified by the profile and level.  

4.4.1. Frame Rate Sub-sampling for CIF and QCIF Sequences.

The original sequences for this test were CIF or QCIF versions derived by spatially sub-sampling the SD version of the sequence and were deemed to be 30 fps.

For encoding CIF at 15 fps, the encoder dropped every second frame from the original sequence.

Example:  from an original with frames numbering from 1, 2, 3 ….. to 300.  The encoder encoded only frames 1, 3, ….. to 299.

For encoding QCIF at 10 fps, the encoder dropped every second and third frame from the original sequence.

Example:  from an original with frames numbering from 1, 2, 3, 4, 5, 6 ….. to 300.  The encoder encoded only frames 1, 4, ….. to 298.

For the display during the test, the decoded frames were replicated to achieve the same number of frames as the original. 

4.5. Bitstream Decoding & Preparation of Material for Subjective Test

Bitstream decoding was preformed at Technical University of Munich (TUM) when the bitstreams were received. The decoded bitstreams were securely distributed to the test sites using a data network or on stored media. 

4.5.1. Decoder Used

Only one decoder for each encoding technology was used.

	Bitsreams 
	Decoder used
	Remarks

	All MPEG-2 bitstreams
	The standard decoder software as published on the MPEG website for MPEG-2
	

	MPEG-4 SP & ASP bitstreams
	Decoder provided by FHG IIS
	This is due to the fact that the reference software does not provide the postfilter as specified in Annex F.  The following options were selected:

iis_mp4vdec.exe -i <bitstream> -o <output.yuv> -p 3 --output-mode=1

	AVC bitstreams (720p & 1080p)
	Latest available standard decoder as published on http://bs.hhi.de/suehring/
	

	AVC bitstreams (SD & 1080i)
	Decoder provided by FHG/HHI
	For interlaced sequences encoded with AVC decoding currently is not possible using the reference software


Table 4‑5: Decoders used.
4.5.2. Color Conversion and Color Upsampling

The decoder output color space was YUV 4:2:0.  For displaying the sequences in the subjective test, color conversion and upsampling was necessary. The following steps were required for this process:

· Color upsampling was performed before color conversion.

· For interlaced material the upsampling was field based.

· For progressive material the upsampling was frame based.

· For SD and above the upsampling was to 4:2:2.

· For CIF and below the upsampling was to 4:4:4.

· The upsampling technique used was Catmull-Rom with correct phase for the positioning of the samples.

Color conversion for 720(60p), 1080(30i), 1080(25p) test material was performed according to ITU-R Rec.709/60 (part of the display process).  Color conversion for SD, CIF, and QCIF was performed according to ITU-R Rec.601.

5. Formal Verification Test
5.1. Test Method

The following test methods were used for each of the tests defined in section 2.2.  The respective test laboratories conducting the test are also listed in the table below.  Descriptions of the MM-DSIS and DSCQS test methods can be found in Annex 1 and Annex 2.

	Test
	Test Method
	Test Laboratory

	MD Baseline Test
	MM-DSIS
	ISCTI/FUB

	MD Main Test
	MM-DSIS
	ISCTI/FUB

	SD Main Test
	DSCQS
	TUM

	HD Main Test
	DSCQS
	NIST


Table 5‑1: Test methods and test laboratories.
5.2. Laboratory Set-up at NIST
The Motion Imagery Quality Metrology Lab at NIST was used for the high definition portions of the testing.  All source video was delivered as uncompressed bitstreams from an Accom WSD-HDi.  The testing encompassed 3 image formats, each format requiring a different viewing set-up.

· For 720 (60p), imagery was projected by a Christie DLP S3000 projector.  The image height was 49”.

· For 1080 (25p) the Christie DLP was used in center cut mode.  The viewing area was the center 1280x1024 window on the 1920x1080 native image.

· For 1080 (30i) the display was a Panasonic 30” CRT broadcast monitor. 

In each case the viewing distance was 2 – 3 screen heights.

The peak brightness (full screen white) of the projection was 12 foot-lamberts.  The dominant source of ambient illumination was scattered light from the projector.  For the CRT, a backdrop was illuminated with D-65 fluorescents having a brightness 10 - 15% of the peak brightness of the screen.  Viewers were provided with LED white light pens for scoring the image clips.

To accommodate the differing set ups, the full HD tests were broken into 3 sessions.  The sessions have 3 or fewer viewers with the exception of one with 4.  Typically, viewers who were NIST employees participated for about ½ hour on each of 3 days.  Visitors spent about 4 hours at the Lab, with one-hour rests between sessions.  Instructions given to the subjects are described in Annex 2.  Data collection was paper based using a 100-point (0 to 100) quality scale.
45 viewers participated, of whom 32 completed all 3 stages.  All subjects passed a Snellen test for visual acuity and a color blindness test using an Ishihara color book.  24 of the viewers were NIST employees and the other 8 were involved in the video industry in various capacities.  Although we did not collect information on the age of the viewers, it is estimated that 15 viewers were under the age of 35 years.  All subjects were volunteers who received no compensation for their participation.  NIST employees participated as part of their duties, for which they received their regular salary.

The tests employed software for the Accom video source server in new ways that required some upgrading.  This delayed the tests by 2 days. 

5.3. Laboratory Set-up at ISCTI/FUB

The laboratory set-up for the MM-DSIS test method at the ISCTI laboratory was based on using 4 LCD monitors from a single manufacturer properly aligned for the same contrast and luminance level.

The ambient light level was close to the level emitted by the displays.  The only light source illuminating the test room came from a uniform illumination of the background wall, obtained by means of white fluorescent lamps placed on the floor and at the ceiling of the wall.  The colour of the background wall and of the other walls was as close as possible to D65 Pantone grey tone.

The displays were placed on a standard desk one meter from the background wall.  Four subjects were tested simultaneously using four monitors.  Each subject was seated in front of a monitor separated from the others by a grey curtain hung from the ceiling.

Each subject was seated at a station.  The subjects were asked to keep both arms on the edge of the desk and not to move their head closer or farther from the screen.  The scoring sheet was put on the desk in front of the monitor.  The monitor was located about 30 cm from the edge of the desk at the subject’s side.

The test area was acoustically isolated with attenuation higher than 40dB from the external environment.  The test area was not illuminated by any external light during the test.

All subjects passed a Snellen test for visual acuity and a color blindness test using Ishihara color charts. Subjects were between the age 20 and 35 years old.  Instructions given to the subjects are described in Annex 2.

5.4. Laboratory Set-up at TUM
The laboratory set-up for the DSCQS test method at TUM consisted of a Sony BVM 2011P studio TV monitor in a room with mid-grey walls and ceiling.  Test room illumination was indirect lighting using D65 fluorescent lamps reflected off the background wall.  Background illumination was set at less than 7 Lux.

Subjects were seated in 4 picture heights from the monitor. Three subjects were tested simultaneously.

All subjects passed a Snellen test for visual acuity and a color blindness test using Ishihara color charts.  Subjects were between the age 20 and 35 years old.  Instructions given to the subjects are described in Annex 2.

6. Analysis of Test Results 
Results are provided in tables in section 6.2 and graphs in Annex 3.  Data is represented by grouping each test sequence and test category.

6.1. Statistical Analysis
The data provided by the test sites has been statistically processed to obtain the Mean Opinion Score (MOS), the Standard Deviation and the 95% Confidence Interval (CI).  The MOS is obtained by averaging the opinions of the subjects.

It is assumed that a lack of overlap with the 95% CI can provide a strong indication of the existence of differences (from the statistical point of view) between adjacent MOS values.  Where CI values do overlap, the MOS values are considered equivalent, even if the numerical values of the MOS are different
.  All graphs and tables included in this document are based on these computations and assumptions.

6.2. Results

The tables shown below are a synopsis for each class of test (MD, SD and HD).  This table provides generalized view of the overall results.  The graphs that they were derived from are found in Annex 3.  The interpretation of the tables is as follows:
The numbers in the table indicate the coding efficiency improvement achieved by the AVC codec where the codecs being compared provide statistically equivalent picture quality.  The letter ‘T” indicates that AVC achieved transparency at the bitrate for the given sequence.  The letter “S” indicates that AVC is superior to all codecs being compared.
The cells are also color coded to indicate the coding efficiency improvements achieved.  The legend below summarizes the meaning of the colors used.
	Legend
	Interpretation

	T
	AVC achieved transparency at this bitrate 

	Nx
	AVC shows N times coding efficiency improvement

	
	AVC shows a quality superior to all codecs

	
	AVC shows greater than 2 times coding efficiency improvement

	
	AVC shows 2 times coding efficiency improvement

	
	AVC shows between 1 times and 2 times coding efficiency improvement

	
	AVC shows the same coding efficiency as that achieved by the codecs to which it was compared

	
	Statistically inconclusive


The bitrates shown in the tables are the bitrates at which the sequences were encoded using the AVC codec.  To obtain the bitrates at which the other codecs are using to achieve the same quality as the AVC, one needs to multiply this bitrate by the Nx value found in the table.

6.2.1. MD Baseline Test

When compared to MPEG-4 SP, AVC Baseline Profile achieved a coding efficiency improvement of 2 times or greater in 14 out of 18 statistically conclusive cases.

	MD Baseline QCIF (AVC Baseline compared to MPEG-4 Part 2 SP)

	Sequence
	Foreman
	Paris
	Head
	Zoom

	AVC bitrates
	192kbps
	 T
	
	
	

	
	96kbps
	2x
	2x
	2x
	2x

	
	48kbps
	2x
	2x
	> 2x
	1x

	
	24kbps
	> 1x
	> 1x
	
	> 1x


Table 6‑1: Summary of results for the MD Baseline QCIF test.
	MD Baseline CIF (AVC Baseline compared to MPEG-4 Part 2 SP)

	Sequence
	Foreman
	Paris
	Head
	Zoom

	AVC bitrates
	768kbps
	T
	T
	T
	

	
	384kbps
	T
	T, 2x
	T
	

	
	192kbps
	> 2x
	2x
	
	

	
	96kbps
	2x
	2x
	2x
	2x


Table 6‑2: Summary of results for the MD Baseline CIF test.
6.2.2. MD Main Test

When compared to MPEG-4 ASP, AVC Main Profile achieved a coding efficiency improvement of 2 times or greater in 18 out of 25 statistically conclusive cases. 

	MD Main QCIF (AVC Main compared to MPEG-4 Part 2 ASP)

	Sequence
	Football
	Mobile
	Husky
	Tempete

	AVC bitrates
	192kbps
	
	
	
	T

	
	96kbps
	2x
	2x
	> 1x
	> 2x (1)

	
	48kbps
	2x
	2x
	2x
	2x

	
	24kbps
	2x / 1x
	2x / 1x
	2x
	2x


(1) AVC at 192 kbps and 96 kbps are better in quality of 1 grade (in a 5 degrees quality scale) than MPEG-4 Part 2 at 192kbps

Table 6‑3: Summary of results for the MD Main QCIF test.
	MD Main CIF (AVC Main compared to MPEG-4 Part 2 ASP)

	Sequence
	Football
	Mobile
	Husky
	Tempete

	AVC bitrates


	768kbps
	> 1x (2)
	T
	
	T

	
	384kbps
	1x
	> 2x
	2x
	T,2x

	
	192kbps
	> 1x
	4x
	2x
	2x

	
	96kbps
	> 1x
	> 2x
	2x
	2x


(2) AVC at 768kbps is better in quality of half a  grade (in a 5 degrees quality scale) than MPEG-4 Part 2 at 768kbps

Table 6‑4: Summary of results for the MD Main CIF test.
6.2.3. SD Main Test

When compared to MPEG-2 HiQ, AVC Main Profile achieved a coding efficiency improvement of 1.5 times or greater in 8 out of 12 statistically conclusive cases, out of which 3 cases show improvements of 2 times or greater and in 1 case shows an improvement of 4 times. 

When compared to MPEG-2 TM5, AVC Main Profile achieved a coding efficiency improvement of 1.8 times or greater in 9 out of 12 statistically conclusive cases, out of which 2 cases show improvements of 4 times or greater. 

	SD Main (AVC Main compared to MPEG-2 HiQ)

	Sequence
	Football
	Mobile
	Husky
	Tempete

	AVC bitrates
	6 Mbps
	
	T
	
	T

	
	4Mbps
	1.5x
	T
	1.5x
	T

	
	3Mbps
	1.3x
	2x
	1x /1.3x
	T

	
	2.25Mbps
	> 1.3x
	2.7x
	1.3x
	T

	
	1.5Mbps
	> 1.5x
	4x
	> 1.5x
	T, 2x


Table 6‑5: Summary of results for the SD Main test, AVC-MP compared to MPEG-2 HiQ.
	SD Main (AVC Main compared to MPEG-2 TM5)

	Sequence
	Football
	Mobile
	Husky
	Tempete

	AVC bitrates
	6 Mbps
	
	T
	
	T

	
	4Mbps
	1.5x
	T
	> 1.5
	T

	
	3Mbps
	1.3x
	> 2x
	2x
	T

	
	2.25Mbps
	1.8x
	> 2.7x
	1.8x
	T

	
	1.5Mbps
	2x
	> 4x
	2.7x / 2x
	T, 4x


Table 6‑6: Summary of results for the SD Main test, AVC-MP compared to MPEG-2 TM5.
6.2.4. HD Main Test

When compared to MPEG-2 HiQ, AVC Main Profile achieved a coding efficiency improvement of 1.7 times or greater in 7 out of 9 statistically conclusive cases, out of which 3 cases show improvements of 2 times or greater and in 1 case shows an improvement of 3.3 times. 

When compared to MPEG-2 TM5, AVC Main Profile achieved a coding efficiency improvement of 1.7 times or greater in 8 out of 9 statistically conclusive cases, out of which 4 cases show improvements of 2 times or greater. 

	HD Main (AVC Main compared MPEG-2 HiQ)

	Sequence
	720 (60p)
	1080 (30i)
	1080 (25p)

	
	Crew
	Harbour
	Stockholm Pan
	New Mobile & Calendar
	River Bed
	Vintage Car

	AVC bitrates
	20Mbps
	T
	T
	
	T
	T
	T

	
	10Mbps
	2x
	T
	 1x
	T, 2x
	> 1x
	T, 2x

	
	6Mbps
	1.7x
	T, 3.3x
	This bitrate was not part of the test
	> 1.7x
	1.7x


Table 6‑7: Summary of results for the HD Main test, AVC-MP compared to MPEG-2 HiQ.
	HD Main (AVC Main compared MPEG-2 TM5)

	Sequence
	720 (60p)
	1080 (30i)
	1080 (25p)

	
	Crew
	Harbour
	Stockholm Pan
	New Mobile & Calendar
	River Bed
	Vintage Car

	AVC bitrates
	20Mbps
	T
	T
	
	T
	T
	T

	
	10Mbps
	2x
	T
	2x
	T, 2x
	> 1x
	T, 2x

	
	6Mbps
	1.7x
	T, 1.7x
	This bitrate was not part of the test
	> 1.7x
	1.7x


Table 6‑8: Summary of results for the HD Main test, AVC-MP compared to MPEG-2 TM5.
7. Conclusions

The test has verified that AVC provides a significant coding efficiency improvement over the codecs to which it was compared.

The overall results show that the AVC achieved a coding efficiency improvement of 1.5 times or greater in 78% (66 out of 85) of the statistically conclusive cases, out of which 77% (51 out of 66) show improvements of 2 times or greater.

8. Participants

8.1. Volunteer List

There were a total of 15 companies not including the volunteers for MPEG-2 HiQ encoding who wished to remain anonymous.  The following table shows the volunteers and the tasks committed.

Boxes marked in green show the bitstreams that were prepared prior to the MPEG meeting in Brisbane, and boxes marked in cyan show the bitstreams that were prepared after the Brisbane meeting.  All selected bitstreams have been verified and decoded.

	Test Material
	Standard
	MPEG-2
	MPEG-4
	AVC

	
	Codec / Profile
	HiQ MP
	TM5 MP
	ASP
	SP
	Main
	Baseline

	
	Resolution / Test
	HD
	SD
	HD
	SD
	MD
	MD
	HD
	SD
	MD
	MD

	Volunteer Companies
	Anonymous
	X
	X
	
	
	
	
	
	
	
	

	
	Organized by CableLabs
	X
	X
	
	
	
	
	
	
	
	

	
	LSI Logic
	
	
	X
	
	
	
	
	
	
	

	
	Broadcom 
	
	
	X
	
	
	
	
	
	
	

	
	JVC
	
	
	X
	
	
	
	
	
	
	

	
	Matsushita
	
	
	
	X
	
	
	
	
	
	

	
	NTT
	
	
	
	X
	
	
	
	
	
	

	
	TUM
	
	
	
	X
	
	
	
	
	
	

	
	FHG/IIS
	
	
	
	
	X
	X
	
	
	
	

	
	Mitsubishi
	
	
	
	
	X
	
	
	
	
	

	
	Emuzed
	
	
	
	
	X
	X
	
	
	
	

	
	NTT DoCoMo
	
	
	
	
	
	X
	
	
	
	

	
	FHG/HHI
	
	
	
	
	
	
	X
	X
	X
	

	
	VideoTele
	
	
	
	
	
	
	
	X
	
	

	
	Sony
	
	
	
	
	
	
	X
	
	
	

	
	Thomson
	
	
	
	
	
	
	
	
	X
	

	
	UB Video
	
	
	
	
	
	
	
	
	
	X

	X
	Activities completed prior to the MPEG meeting in Brisbane, Australia (20th to 24th October 2003)

	X
	Activities done after the MPEG meeting in Brisbane, Australia (20th to 24th October 2003)


Table 8‑1 List of companies generating bitstream for the Verification Test.
Preprocessing and preparation of the content was conducted by Tobias Oelbaum (TUM), Eric Gsell (Dolby) and Tom McMahon (Dolby).  The test has been conducted and carried out at the laboratories of FUB/ISCTI (Italy), NIST(USA) and TUM (Germany).  The HD monitor at the NIST laboratory was contributed by Steve Maher (Panasonic).
	Test material preparation
	Tobias Oelbaum, Eric Gsell and Tom McMahon, Vittorio Baroncini.
	TUM, Dolby, FUB

	Subjective Testing / Results Processing
	Charles Fenimore, John Roberts, Stefan Leigh and Alan Heckert.
	NIST

	
	Vittorio Baroncini, Angelo Ciavardini, Giancarlo Gaudino. 
	ITCSI/FUB

	
	Tobias Oelbaum, Florian Obermeier, Michael Pilz, Testronic Laboratories.
	TUM

	Report
	TK Tan, Vittorio Baroncini, Tobias Oelbaum, Charles Fenimore and Walt Husak.
	NTT DoCoMo, FUB, TUM, NIST, Dolby
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 ANNEX I
MM-DSIS Test method

This appendix describes the MM-DSIS test method designed to assess Multimedia signals using progressively scanned displays (e.g. computer CRT monitor, LCD, projectors).

The MM-DSIS is based on the same protocol as the DSIS (Double Stimulus Impairment Scale) test method defined in ITU-R rec. 500-11. The main difference is the use of progressive displays such as LCD and computer CRT monitors.

In this method the subjects express their vote putting a mark in a box over a five quality level scale (see figure below).
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  1          2         3         4         5          6         7         8  

Excellent     Good     Fair     Poor     Bad  


Example of MM-Test scoring sheet

Each box is labelled with a quality adjective, i.e. Excellent, Good, Fair, Poor, Bad.

For each basic test cell, the subject votes in a column.

The subject can recognise the correct column (where put the vote) from the number on the top on each column. The column number is the same as the number placed at the end of each test cell.  The cell is identified when the screen  shows (VOTE N).

Presentation order of the material is based on the presentation of the original and the encoded clips in a random order by codec. Original is always presented as first and encoded as second. This strategy allows subjects to concentrate on any impairment they may see and to make a fair comparison having the original as a reference.

Form the temporal point of view, a basic test cell 
for the MM-Test may of two types:

· Variant I: with one presentation of the stimulus (original plus encoded),

· Variant II: with two presentations of the stimulus (original plus encoded for two times),

	A
	Clip “A”
	B
	Clip “B”
	Vote

	2s
	10s
	2s
	10s
	5s


Temporal scheme of Variant I

	A
	Clip “A”
	B
	Clip “B”
	A*
	Clip “A”
	B*
	Clip “B”
	Vote

	2s
	10s
	2s
	10s
	2s
	10s
	2s
	10s
	5s


Temporal scheme of Variant II

This leads to a Basic test cell duration of 29 seconds for Variant I and 53 seconds for Variant II.

The selection of Variant I or Variant II is done using the following factors:

· Stress level of the test (too many conditions lead to too much effort for the subjects leading to viewer fatigue)

· high quality of the images (this suggests Variant I; Variant II is suggested when not the image quality range is narrow)

The test should not exceed 30 minutes in order to reduce viewer fatigue. Test lengths in excess of 30 minutes require extra test sessions.

A stabilization phase of 5 basic test cells is included at the beginning of each session.

Data collection is done using paper scoring sheets. New software allowing automatic voting will be soon available

The statistical analysis of the results of a MM-Test experiment is done providing the following:

· MOS value (computed excluding the first five BTC of each session),

· T-test to assess the Gaussian shape of the raw results,

· Variance,

· Confidence Interval (CI).

ANNEX 2
Double Stimulus Continuous Quality Scale Method

9.1. The DSCQS Method

The DSCQS test method used for the SD and HD test is described in the Recommendation ITU-R BT-500-11.

The only difference from what recommendation 500-11 dictates, is related to the 1080p portion of the HD test, for which the material under test has been presented to the viewers by means of projection displays other than CRT displays.

All the other procedures and rules have been applied, providing particular care to the training of the viewers (also referred subjects).

The training involves reading the following instructions and showing the illustrations with paper means. Also a short training session is executed, during which (and immediately after) subjects are free to ask questions or seek clarification. Dedicated scoring sheets are used during the training test sessions allowing the subjects to practice the procedure.

The recording scale for DSCQS ranges from 0 (low quality) to 100 (high quality). We report the Loss of Quality, formed by the difference Quality Loss = Qoriginal -  Qcompressed
9.2. Instruction to Subjects

Dear colleagues,

Thank you for participating in this test.

In the MPEG Verification (DSCQS) tests, a series of video clip pairs will be displayed. The figure on the training sheet describes the sequence of the materials that you will see during the test session.
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Figure: The clips A and B are repeated. The second time, they will be labeled A* and B*.

Your task is to evaluate the QUALITY of BOTH test clips in each pair. You do that by marking one point on each of the following rating scales:

The next figure shows the rating scale in schematic form. The scale on the far left is for grading the first clip (1A), the next scale to the right is for grading the second clip (1B). The remaining 2 scales are for the 2A and 2B clips, as labeled.
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Please use a horizontal mark (no crosses or other signs that could make your vote ambiguous)

Each evaluation must reflect your opinion of the global quality of the whole clip. Therefore, only vote after the end of the second clip and base your evaluation on the entire duration of each clip.

Do not hesitate to rate a clip either at the top or bottom of the scale, if that is how you believe it should be rated.

A voting form will be distributed before each test session. The form has a series of rating scales, like the ones on the training sheet, one pair of scales for each pair of clips. The scale pairs are numbered sequentially. Use the pair of scales labeled 1A and 1B for the first clip pair, the pair of scales labeled 2A and 2B for the second clip pair, and so on. 

You will see each clip pair twice. The first display of a clip pair will be labeled as “A” and then as “B”, the second display of the same clip pair will be titled with a star, i.e. as “A*” and then as “B*”. During the voting interval for pair N, you will see the title “VOTE N”. This will help you know which rating scales to use.

During these tests, do not talk with other assessors or comment on the clips you have seen.

Before recording your vote, always check to be sure you are using the correct scale on the score sheet.

Finally, it is important that you keep your concentration throughout the test session.

Now try this evaluation procedure in a practice session. You will see a series of pairs of clips using the exact same timing as will be used during an actual test session. This will allow you to become familiar with the timing of the test and to practice using the rating scales.

If you have any questions, please ask them now. 

ANNEX 3 Subjective Test Results

In the presentation of the results, high quality compression corresponds to large MOS score.  MOS values near 5 show good video quality. MOS values near 1 show poor video quality.  The higher of 2 bars has the better quality.  MOS values near 4.5 or above show that the video quality is transparent (statistically indistinguishible from the original).
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Graph 12‑1: Graphic representation of the results of MD Baseline QCIF Test for the Foreman sequence.
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Graph 12‑2: Graphic representation of the results of MD Baseline QCIF Test for the Head with Glasses sequence.
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Graph 12‑3: Graphic representation of the results of MD Baseline QCIF Test for the Paris sequence.
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Graph 12‑4: Graphic representation of the results of MD Baseline QCIF Test for the PanZoom sequence.

MD Baseline CIF Test

[image: image8.emf]New Mobile & Calendar 1080(30i)
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Graph 12‑5: Graphic representation of the results of MD Baseline CIF Test for the Foreman sequence.
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Graph 12‑6: Graphic representation of the results of MD Baseline CIF Test for the Head with Glasses sequence.
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Graph 12‑7: Graphic representation of the results of MD Baseline CIF Test for the Paris sequence.
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Graph 12‑8: Graphic representation of the results of MD Baseline CIF Test for the PanZoom sequence.

MD Main QCIF Test
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Graph 12‑9: Graphic representation of the results of MD Main QCIF Test for the Football sequence.

[image: image13.emf]PanZoom (QCIF)

1

2

3

4

5

AVC_192 AVC_096 MP4_192 MP4_096 MP4_048 AVC_048 AVC_024 MP4_024

Graph 12‑10: Graphic representation of the results of MD Main QCIF Test for the Husky sequence.
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Graph 12‑11: Graphic representation of the results of MD Main QCIF Test for the Mobile & Calendar sequence.
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Graph 12‑12: Graphic representation of the results of MD Main QCIF Test for the Tempete sequence.

MD Main CIF Test
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Graph 12‑13: Graphic representation of the results of MD Main CIF Test for the Football sequence.
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Graph 12‑14: Graphic representation of the results of MD Main CIF Test for the Husky sequence.
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Graph 12‑15: Graphic representation of the results of MD Main CIF Test for the Mobile & Calendar sequence.
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Graph 12‑16: Graphic representation of the results of MD Main CIF Test for the Tempete sequence.
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SD Tests
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Graph 12‑17: Graphic representation of the results of SD Test for the Football sequence.

Graph 12‑18: Graphic representation of the results of SD Test for the Tempete sequence.
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Graph 12‑19: Graphic representation of the results of SD Test for the Mobile & Calendar sequence.

Graph 12‑20: Graphic representation of the results of SD Test for the Husky sequence.

HD Test
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Graph 12‑21: Graphic representation of the results of HD 720(60p) Test for the Crew sequence.

Graph 12‑22: Graphic representation of the results of HD 720(60p) Test for the Harbour sequence.
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Graph 12‑23: Graphic representation of the results of HD 1080(30i) Test for the Stockholm Pan sequence.

Graph 12‑24:  Graphic representation of the results of HD 1080(30i) Test for the New Mobile & Calendar sequence.
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Graph 12‑25: Graphic representation of the results of HD 1080(25p) Test for the Riverbed sequence.

Graph 12‑26: Graphic representation of the results of HD 1080(25p) Test for the Vintage Car sequence.







� An example of two MOS values that can be considered different (from the statistical point of view) is given by an MOS of 3.5 with a CI value of 0.20 related to an MOS of 3.1 with a CI value of 0.14 	�{ [(3.5 – 0.10 = 3.4) > (3.1 + 0.05 = 3.15)] }.


� A basic test cell id the portion of a test session by which a single case under evaluation is fully represented. If a test is designed to provide the evaluation of 20 different conditions it will include at least 20 basic test cells.


� In this case consideration must be made to the fact that automatic data collection is based on a direct interaction between the PC and the subject.


This condition implies two important aspects:


the length of a test session is related to the time of reaction of any individual subject,


it is necessary to use one PC for each subject.


In general this new interactive method will have an impact on the organization of the test site; in fact to assure the required quiet and concentration no more than a subject will have to be placed in a testing room.
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