	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

2nd Meeting: Geneva, CH, Jan. 29 - Feb. 1, 2002
	Document:  JVT-B051
Filename: JVT-B051.doc

Generated: 2002-01-24


	Title:
	Improved transform coding for inter-frame

	Status:
	Input Document to JVT

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Y.Yamada, S.Sekiguchi, Y.Moriya, K.Sugimoto and K.Asai

5-1-1, Ofuna, Kamakura, 247-8501 Japan

Mitsubishi Electric Corporation
	
Tel:
Email:
	
+81-467-41-2463
yosihisa@isl.melco.co.jp

	Source:
	Mitsubishi Electric Corporation


_____________________________
Introduction

DCT (Discrete Cosine Transform) has been used as orthogonal transformation of many video coding standard methods (ex. H.261, MPEG-1, H.262/MPEG-2, H.263 and MPEG-4).  For transforming a video signal, it is known that the performance of DCT is almost equivalent to KL (Karhunen-Loeve) transform that is derived as the optimum transformation.  DCT is effective especially when the block size is 8x8 adopted by the conventional coding system.

As known well, when block size is 2x2, only HAT (Hadamard Transform) is orthogonal transformation.  Therefore, it is assumed that the method of the optimum orthogonal transformation differs with the block size.  

In JM (Joint Model), 4x4 block size is used for DCT [1].  Motion compensated prediction by adaptive block size (16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4) is also used.  This technique shows high coding efficiency, and the power of signal becomes very small.  It is assumed that the characteristics of the transformed video signal (motion compensated video signal) are different from the case of the conventional coding method.

We propose the technique of switching HAT and DCT as a method of orthogonal transformation.  We have experimented to compare the coding efficiency between HAT and DCT.  Experimental results show that the technique that switches an orthogonal transformation method is effective.

Proposal

We propose a new flag in a picture header.  This flag indicated whether orthogonal transformation method is HAT (Hadamard Transform) or DCT.
HAT is able to process all by integer operation (adder and bit shift operation), therefore following features are acquired.

· Avoid the mismatch problem between encoder and decoder caused by operation accuracy
· Convenient to loss less coding or near loss less coding

· Complexity is greatly reduced compared with DCT

Simulation Condition

The following seven sequences defined by "VCEG-N81d1.doc" are used.

· QCIF: container (10fps), foreman (10fps), news (10fps), silent (15fps)

· CIF: Paris (15fps), tempter (30fps), mobile (30fps)

The following coding parameters are used:

· QP



8 points (0, 4, 8, 12, 16, 24, 28)

· B-Picture



none

· Entropy coding method

UVLC

· MV resolution


1/4-pel

· RD optimized


used

· Number of reference frames
1

From the results of prior simulation, the I-pictures always showed good performance by DCT.  In this experiment, DCT is used for first picture (I-picture) and Intra macroblocks.  Adaptive selection between HAT and DCT is not operated.

Experimental Results

The experimental result is shown in Table 1 and 2.  Table 1 shows the ratio of the amount of bits of the whole sequence.  And Table 2 shows the difference of SNR of luminance signals.

Table  1 Comparison of the amount of bits (value of "HAT/DCT")

	QP
	container
	foreman
	news
	silent
	paris
	tempete
	mobile

	0
	0.988 
	1.013 
	1.011 
	1.025 
	1.004 
	1.011 
	0.991 

	4
	0.985 
	1.008 
	1.009 
	1.020 
	1.003 
	1.009 
	0.992 

	8
	0.990 
	1.007 
	1.009 
	1.020 
	1.009 
	1.006 
	0.988 

	12
	1.000 
	1.018 
	1.014 
	1.018 
	1.012 
	1.012 
	0.993 

	16
	1.007 
	1.020 
	1.013 
	1.014 
	1.012 
	1.014 
	1.001 

	20
	1.001 
	1.009 
	1.012 
	1.009 
	1.008 
	1.010 
	1.008 

	24
	1.009 
	1.002 
	1.001 
	1.003 
	1.005 
	1.007 
	1.017 

	28
	1.003 
	1.009 
	0.999 
	1.002 
	1.000 
	1.002 
	1.013 


Table  2 Comparison of SNR luminance (value of "HAT – DCT")

	QP
	container
	foreman
	news
	silent
	paris
	tempete
	mobile

	0
	0.02 
	-0.04 
	-0.04 
	-0.02 
	0.01 
	-0.02 
	0.00 

	4
	0.02 
	-0.02 
	0.02 
	0.03 
	0.07 
	0.03 
	0.08 

	8
	-0.07 
	-0.18 
	-0.14 
	-0.09 
	-0.10 
	-0.17 
	-0.11 

	12
	-0.01 
	-0.10 
	-0.02 
	-0.08 
	-0.03 
	-0.05 
	0.04 

	16
	0.02 
	-0.06 
	-0.03 
	-0.01 
	0.00 
	-0.02 
	0.08 

	20
	-0.02 
	-0.07 
	-0.04 
	-0.05 
	0.01 
	-0.04 
	0.09 

	24
	0.04 
	-0.09 
	0.04 
	-0.05 
	0.01 
	-0.01 
	0.10 

	28
	-0.01 
	-0.03 
	0.00 
	0.02 
	-0.01 
	-0.01 
	0.08 


Table 3 shows the quantitative difference of the two R-D curves for TML and the proposed scheme, calculated by using avsnr [2]. 

Table  3  Quantitative Difference of R-D Performance.
	Sequences
	Diff. PSNR(dB)
	Diff. bits(%)

	container
	-0.017
	0.36

	foreman
	-0.107
	2.23

	news
	-0.037
	0.72

	silent
	-0.067
	1.44

	paris
	-0.026
	0.52

	tempete
	-0.052
	1.32

	mobile
	0.044
	-0.97


Fig. 1 shows the comparison of HAT and DCT.  The horizontal axis shows the ratio of the amount of bits ("HAT total bits" / "DCT total bits") of the whole sequences, and the vertical axis shows the difference of Luminance-SNR values ("HAT SNR" – "DCT SNR").  The upper left is a domain where HAT shows good coding performance, the lower right is a domain where DCT shows good result.  

Fig.  1  Coding result (vertical axis: difference of SNR, horizontal axis: ratio of total bits)
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From the results, in the high bit rate of container and mobile sequences, HAT achieves better performance on the amount of bits and SNR.  In the higher bitrate (QP= 0 or 4) and the lower bitrate (QP=24, 28), HAT achieves good result in almost sequences on the SNR.

We considered that the good performance is acquired by HAT for the following reasons. 

· In JM, block size of transform is small (4x4)

· The adaptive block size MC is adopted in JM.  Motion compensated predictive signal has small power.  

Conversely, in the following case that sufficient prediction efficiency is not achieved, we think that DCT is effective.

· Non optimal vector search (ex. step search)

· Limited mode coding (ex. only 16x16 block size MC is used, non 1/4-pel accuracy MC)

Open Issues

· Switching unit size of HAT and DCT: 
· Case of every macro block

· Especially, linked with the prediction block size
· The efficiency of the 1/8-pel predictions or multi frame prediction

· The efficiency of the B-pictures.

· Variable length coding for suitable HAT

· Scanning order
· Codeword of coefficients (combination order of run and level)

Reference
[1]
T. Wiegand, "Joint Model Number 1(JM-1), JVT-A003, January 2002.

[2] 
G.Bjontegaard, “Calculation of average PSNR differences between RD-curves”, VCEG-M33, Apr, 2001

JVT Patent Disclosure Form

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

	[image: image2.wmf]
	[image: image3.png]1S0
NS




	[image: image4.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
	Mitsubishi Electric Corporation
	

	Mailing address
	5-1-1, Ofuna, Kanagawa
	

	Country
	JAPAN
	

	Contact person
	Yoshihisa YAMADA
	

	Telephone
	+81-467-41-2463
	

	Fax
	+81-467-41-2486
	

	Email
	yosihisa@isl.melco.co.jp
	

	Place and date of submission
	Geneva, 29 Jan. – 1 Feb. 2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Improved transform coding for inter-frame
	

	Contribution number
	JVT-B051
	

	
	
	


(Form continues on next page)

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

	
	

	[image: image5.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: image6.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.

	
	

	
[image: image7.wmf] 


	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: image8.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: image9.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: image10.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: image11.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-B051.doc
Page: 1
Date Printed: 2002/01/24

_1073244240.doc



