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1 Introduction

The purpose of this contribution is to point out the situation of H.264/AVC for next generation optical disc such as Blu-ray Disc Prerecorded Format (BD-ROM) and to support a FRExt profile that includes new tools that improve the subjective picture quality and extend flexibility of H.264/AVC.

Subjective picture quality evaluations with movie industry conducted by the Blu-ray Disc Founders (BDF) showed that the current H.264/AVC is not able to provide a superior subjective picture quality than MPEG-2 for HD movie content which was tested. Since BD-ROM is being aimed to achieve subjectively high quality close to master materials as much as possible and MPEG-2 at 20 or higher average bit-rate shows better subjective picture quality for HD movie materials than current H.264/AVC, BDF has currently selected MPEG-2 as the only codec for BD-ROM.
In order to improve the subjective picture quality and to extend flexibility of H.264/AVC, we contributed the following two proposals:

· 8x8 integer transform with quantization matrix 

(JVT-K029)

· quantization using an adaptive dead-zone parameter 
(JVT-K026)

We propose to include these tools in the FRExt profiles.

In the following Section 2, the results from two different parties on the subjective picture quality of H.264/AVC for HD sequences are reported. In Section 3 the resulting problem of H.264/AVC for Blu-ray Disc is pointed. Section 4 contains our proposal and a related statement from a key person of a movie industry party.

2 Subjective Picture Quality of H.264/AVC for HD

In this section, results from two different parties on the subjective picture quality of H.264/AVC for HD sequences are reported. In subsection 2.1, the results from the formal MPEG verification tests are summarized. In subsection 2.2, results from subjective picture quality evaluations with key persons from the movie industry, conducted by the Blu-ray Disc Founders, are given.

2.1 Formal MPEG Verification Test on H.264/AVC for HD

Test Conditions:

The test conditions for the HD test are listed in Table 1.This table is taken from [1].
	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 1: Test conditions for the HD Main test. (taken from [1])

With respect to the next generation optical disc such as BD-ROM application it is important to point out that the used test-sequences are not movie sequences like BDF used for their own test.
Result:

In this subsection, the results of the formal MPEG verification test from [1] for the HD test are summarized. The coding efficiency improvements for H.264/AVC compared to MPEG-2 are measured in bitrate increase for MPEG-2 that is necessary to achieve the same picture quality than H.264/AVC. In [1] the following HD-test results are reported:

· “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.“

· At 20 Mbit/s the used test-sequences were coded with transparent picture quality.

For further details, please refer to [1].
2.2 Subjective picture quality evaluation with movie industry conducted by Blu-ray Disc Founders
Test Conditions:

Test sequences: 
Several Movie Clips provided by Hollywood movie studios

Sequence Format:

1920x1080, 24 fps, 4:2:0, 8-bit

Specific characteristic:
the sequences contain various kinds of film grain

Codecs:


H.264/AVC Main Profile (reference software, fixed QP), 

MPEG-2 MP@HL (variable QP) 

(both without any pre- and post-processing)

Bitrates :


7,12,15,20,24 Mbit/s

Result:
Subjective picture quality evaluations with key persons six major movie studios in Hollywood conducted by BDF showed the following:

· At the higher bitrate of 20, 24 Mbit/s for HD movie sequences that were tested: 
MPEG-2 provides better subjective picture quality than H.264/AVC.

· The current subjective picture quality for H.264/AVC is not sufficient for BD: Fine texture and film grain is missing.
· At the lower bitrate such as 15Mbps or less for HD movie sequences that were tested: both H.264/AVC and MPEG-2 show unacceptable picture due to unstable bouncing temporal noise.
Based on this viewing session, BDF currently selected MPEG-2 as the only video codec [2].
3 Problem

As an example, Blu-ray Disc provides a typical bitrate for the HD video stream (1920x1080 and 1280x720) of 15-24 Mbit/s. Thus, the video sequences on a BD can provide a very high subjective picture quality. The picture quality could be even higher than the picture quality provided by HD DVD, where the typical bitrate for the HD video stream is about 8-13 Mbit/s. 

According to formal MPEG verification test in [1], certainly H.264/AVC is able to create transparent picture quality at 20Mbps. However, subjective picture quality is varied that depends on types of materials to be coded. Also required level of subjective picture quality is varied that depends on the application to be encoded for. The results of subjective picture quality evaluation for HD movie materials conducted by BDF is a case in point. 

Tests with movie industries conducted by BDF lead to the following summarizing result: 

The representatives from movie industries rate that H.264/AVC can not reach the subjective picture quality of MPEG-2 for HD sequences that were tested. Fine texture and film grain is missing.

Based on this viewing session, BDF has currently selected MPEG-2 as the only video codec.
4 Proposal 

In order to improve the subjective picture quality of H.264/AVC that make it possible to be accepted by the movie industry then to enable a support for a possible next generation optical disc such as Blu-ray Disc Prerecorded Format, we propose:

Include the following tools in the FRExt profiles:

· 8x8 with quantization matrix 




(JVT-K029)

· Quantization with an adaptive dead-zone parameter 
(JVT-K026)


5 Statements from Movie Industry Parties 
We were able to get two statements from movie industry parties that are given in the following subsections. The first statement is from DVCC, a company that is in close relation with Hollywood movie studios through compression and authoring service for DVD-Video. The second statement is a message from a key person of Universal Pictures that is related to the improvement of the subjective picture quality by using JVT-K029.

The importance of quantization matrix for Hollywood movie title authoring

“We, Digital Video Compression Corporation (as of DVCC) have been keeping close relationship with Hollywood movie studios through compression and authoring service for DVD-Video since 1996. Through our past activity, we have been encountering various kinds of looks of the film images as DVD compression masters. We have learned that the combinations of film stock selection, telecine system selection and the way that colorists handle film images when they transfer them to digital video signal have been generating different looks in compression masters.

Our MPEG-2 DVD compression system is equipped with many MPEG-2 standard tools, which have kept DVCC as the best picture quality provider in Hollywood. Especially, qmatrix selection has been the most important and powerful tool to manipulate subjective picture quality over the different looks of the film images. 

Generally, when we start MPEG-2 compression for DVD, we conduct series of qmatrix tests. At first, we pick a scene which represents typical look of the title, and then secondly we apply several different qmatrixes from our selection to the picked scene, so we can define a default qmatrix for that title. We are often willing to switch qmatrixes even within a title in case that looks of images changes from a scene to the others.

Over the years, we have built pretty good understanding on how qmatrix would respond to subjective picture quality of the film images in such ways of:

(1) Stabilizing unwanted film grain behavior in both spatial and temporal direction.

(2) Keeping adequate sharpness to images in balance of given bitrate and amount of compression noise.

(3) Providing wide range of texture control for Hollywood studios’ acceptance as favorite 'looks and feels'.

We are hearing that qmatrix function is in jeopardy in H.264/AVC compression technology as a candidate for next generation optical disc standard. It seems to be turning away from the future troubles to us. Just recently, Hollywood has been anticipating a great improvement in HD picture quality in the near future by introducing Digital Intermediate film mastering process, which will provide much finer and more precise texture to HD master images. It is very important that new compression technology will be able to accommodate the new type of HD master quality for the next generation optical disc. We strongly believe that enabling the selection of qmatrixes will be a very important part of HD compression process as well.”

-- 
Keisuke Suetsugi

Director of Technology

Studio Relations

Digital Video Compression Corporation (DVCC)

Statement from movie industry concerning subjective picture quality improvement of JVT-K029

Test Conditions:

Test sequences: 

One movie clip provided by Universal

Sequence Format:

1920x1080, 24 fps, 4:2:0, 8-bit

Specific characteristic:
the sequences contain film grain

Codecs:


H.264/AVC Main Profile, H.264/AVC with JVT-K029 
(both without any pre- and post-processing and fixed QP)
Bitrates :


15 Mbit/s

Result:

A message to Panasonic Hollywood Laboratory from Mr. Jerry Pierce (Senior Vice President, Technology, Universal Pictures) on standard H.264/AVC and our proposal from JVT-K029 is given below.

“Thank you for the chance to see our material after compression with the AVC

 encoders. The butterfly images are a good way to compare compression

 algorithms. We recognize that the material we provided was some of the most

 challenging that can be presented to a compression scheme, but it does

 provide indication of the performance of the compression.

 You presented two image segments for our review. You stated that both were

 encoded at roughly 15Mb/s bit rate.

 We saw the two segments and we do not know the details of the encoding

 process, that being said the resultant image from current 
 Main Profile AVC encoder was not acceptable for quality due to the 'dancing' 
 of the noise floor. The modification to the AVC algorithm that you showed 
 did solve this problem and was a better resultant image.

 We don't know if a different application of the current AVC toolbox could

 have been applied that resulted in the same image quality.

 We are still very concerned with the terms and conditions for licensing of

 the AVC algorithm, especially for streaming applications. This would need to

 be fully addressed prior to our support of the approach.“
 -- 
 Jerry Pierce
 Senior Vice President
 Technology
 Universal Pictures
 818-777-6300 cell 818-749-7776
 jerry@jerrypierce.org
References
[1] “Report of The Formal Verification Tests on AVC (ISO/IEC 14496-10 | ITU-T Rec. H.264)”, ISO/IEC JTC1/SC29/WG11 MPEG2003/N6231, December 2003, Waikoloa, Hawaii, USA.
[2] "Blu-ray Disc Technical White Paper - Part 3 The Logical and Application Specifications"; 3.2.2 BD-ROM Image Compression Technologies p.p.35-38; 
downloadable at: http://www.blu-raydisc-official.org/tecinfo/data/part3.pdf 

(Append for Proposal Documents)

JVT Patent Disclosure Form

	International Telecommunication Union
Telecommunication Standardization Sector
	International Organization for Standardization
	International Electrotechnical Commission  

	[image: image1.wmf]
	[image: image2.png]1S0
NS




	[image: image3.png]





Joint Video Coding Experts Group - Patent Disclosure Form
(Typically one per contribution and one per Standard | Recommendation)

Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Coding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

	Submitting Organization or Person:

	Organization name
	Panasonic European Labs.
	

	Mailing address
	Monzastr. 4c

63225 Langen, Germany
	

	Country
	Germany
	

	Contact person
	Thomas Wedi
	

	Telephone
	+49 6103 766 1194
	

	Fax
	+49 6103 766 166
	

	Email
	wedi@panasonic.de
	

	Place and date of submission
	Langen, 9.3.2004
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	
	

	Contribution number
	
	

	
	
	


(Form continues on next page)

	Disclosure information – Submitting Organization/Person  (choose one box)

	
	

	[image: image4.wmf]
	2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

	The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,



	[image: image5.wmf]
	2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.

	
	

	x
	2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.

	
	

	[image: image6.wmf]
	2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.

	
	

	[image: image7.wmf]
	2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

	In the case of any box other than 2.0 above, please provide the following:

	Patent number(s)/status
	
	

	Inventor(s)/Assignee(s)
	
	

	Relevance to JVT
	
	

	Any other remarks:
	
	

	(please provide attachments if more space is needed)




(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

	Disclosure information – Third Party Patents (choose one box)

	
	

	[image: image8.wmf]
	3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.



	[image: image9.wmf]
	3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



	For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



	3rd party name(s)
	
	

	Mailing address
	
	

	Country
	
	

	Contact person
	
	

	Telephone
	
	

	Fax
	
	

	Email
	
	

	Patent number/status
	
	

	Inventor/Assignee
	
	

	Relevance to JVT
	
	

	
	
	


	Any other comments or remarks:




File: JVT-K025.doc
Page: 1
Date Saved: 2004-03-14

