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1 Abstract

Subjective tests have shown that chroma blockiness can be present in JM 2.0 coded video material, particularly in the presence of highly saturated chroma.  In this document, we propose an improved method of chroma prediction that increases subjective quality.  The modification requires one minor syntax change.

2 Introduction

The images in this section exemplify the issue we address in this proposal.  We compared JM 2.0 to a commercially available MPEG-2 encoder at equal luma PSNR.  The source sequence was a composite from a Hollywood movie, taken from a SuperBit DVD.  All three images are 143x80 size regions taken from D-1 resolution progressively scanned images and pixel-replicated by a factor of 3 for display purposes.  Table 1 explains the images.

Table 1: Explanation of Images in Figures 1-3

	Figure
	Source
	Luma PSNR
	Bitrate

	1
	Original
	N/A
	N/A

	2
	JVT 2.0
	40.7 dB
	1.02 Mbps

	3
	MPEG-2
	40.7 dB
	1.87 Mbps


The chroma blockiness in the JVT image region is clearly more pronounced than that in the MPEG-2 image region.
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Figure 1: Original image region
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Figure 2: Image region from JM 2.0 coded intra-picture
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Figure 3: Image region from MPEG-2 coded intra-picture

3 Chroma Spatial Prediction in JM 2.0

There are many spatial prediction modes for luma spatial prediction in intra-coded macroblocks.  In 4x4 macroblock mode, luma spatial prediction can be DC or in one of eight spatial directions.  The prediction data for a given 4x4 block is taken from the 4x4 blocks above and to the left (if they exist
), which in many cases is inside the same macroblock.  In 16x16 mode, four prediction choices exist (DC, Horizontal, Vertical and Plane), all using data from outside the macroblock.

In contrast to the luma prediction, chroma can only be predicted in DC mode, and only using data from outside the macroblock.  This means that the chroma prediction mode does not have to be signaled.

The DC prediction mode used in chroma differs from those used in luma.  Each 4x4 block is predicted with a separate DC prediction.

The 8x8 block of chroma pixels is predicted as follows.  Consider the following figure, which is simply a copy of Figure 8.5 from the JVT Working Draft. 
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Figure 4: Chroma 4x4 blocks A, B, C and D; and predictors S0-S3.
In this figure, each of S0-S3 represents the sum of the four pixels bordering the macroblock at the location indicated in the figure.  Given this, the predictions for all pixels within a block (A, B, C or D) are dependent upon the presence of the pixels used to compute S0-S3, and can be summarized in Table 2.  Note that S0-S3 can be unavailable by being outside the picture or slice or because constrained intra prediction is in use and the neighboring blocks are not intra coded.

Table 2: Chroma predictions

	Block
	S0-S3 available
	S0-S1 available
	S2-S3 available
	None available

	A
	(S0 + S2 + 4)/8
	(S0 + 2)/4
	(S2 + 2)/4
	128

	B
	(S1 + 2)/4
	(S1 + 2)/4
	(S2 + 2)/4
	128

	C
	(S3 + 2)/4
	(S0 + 2)/4
	(S3 + 2)/4
	128

	D
	(S1 + S3 + 4)/8
	(S1 + 2)/4
	(S3 + 2)/4
	128


4 Proposed Chroma Spatial Prediction

4.1 With Syntax Change

We modify the chroma prediction by allowing adding several new prediction modes similar to modes used in luma processing – horizontal, vertical and plane.  The prediction is still done on the entire 8x8 macroblock.  To signal the chroma mode, we transmit an intra_chroma_pred_mode syntax element before the cbp element location, with the following semantics.

Table 3: Coding of Chroma Prediction Mode

	Codeword
	Prediction Mode

	0
	DC

	1
	Horizontal

	2
	Vertical

	3
	Plane


For the horizontal and vertical filters, the prediction is filtered using a {1,2,1}/4 filter.  For the plane mode, we adapt the luma 16x16 plane mode coefficients to an 8x8 block, as follows:

Pred(i,j) = clip1( (a + b·(i-3) + c·(j-3) +16) >> 5 ), i,j=0,…,7

where:

–
a = 16·(P(-1,7) + P(7,-1))

· b = (17*H+16)>>5)

· c = (17*V+16)>>5)

and H and V are defined as:
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4.2 Without Syntax Change

An alternative to the above description is to use the same four prediction modes without sending a syntax element, and have the decoder use a backward-adaptive rule for determining the prediction mode based on the pixels used to compute S0-S3.

5 Results

Results will be provided in a revision of this document.

We tested the change under several different conditions.  First, since this is a change to the intra coding, we conducted a test on the all the sequences in the Coding Efficiency Common Conditions document, but under intra coding.  Because of its length, we sub-sampled Paris temporally by a factor of 5.  Otherwise all sequences were coded in their entirety.  Finally, we broadened the source material to include the five sequences originally selected for interlaced tests.  These sequences were sub-sampled temporally by a factor of 30.

Next, we tested the actual common conditions for the baseline profile.  As intra coding is not used much there, we expect the performance changes to be minimal under these conditions.

In a third test, we tested with the common conditions for higher profile proposals.  One deviation from the common conditions document (in accordance with more recent sentiment regarding higher profiles) is that ¼-pel motion-compensation was used.  Additionally, we selected the intra period to be 15, in order to simulate conditions of typical entertainment profiles in use today.

5.1 Coding Efficiency Common Conditions Sequences (I-frame only)

	Res.
	Hz.
	Sequence
	BΔ-PSNR
	BΔ-Bits

	QCIF
	30
	Container
	
	

	QCIF
	30
	News
	
	

	QCIF
	30
	Foreman
	
	

	QCIF
	30
	Silent
	
	

	CIF
	6
	Paris
	
	

	CIF
	30
	Mobile
	
	

	CIF
	30
	Tempete
	
	

	NTSC-D1
	1
	Mobile
	
	

	NTSC-D1
	1
	Football
	
	

	PAL-D1
	1
	Canoa
	
	

	PAL-D1
	1
	F1car
	
	

	PAL-D1
	1
	Rugby
	
	

	
	
	AVG
	
	

	
	
	MAX
	
	

	
	
	MIN
	
	


5.2 Coding Efficiency Common Conditions Baseline Profile

	Res.
	Hz.
	Sequence
	BΔ-PSNR
	BΔ-Bits

	QCIF
	10
	Container
	X
	X

	QCIF
	10
	News
	X
	X

	QCIF
	10
	Foreman
	X
	X

	QCIF
	15
	Silent
	X
	X

	CIF
	15
	Paris
	X
	X

	CIF
	30
	Mobile
	X
	X

	CIF
	30
	Tempete
	X
	X

	
	
	AVG
	
	

	
	
	MAX
	
	

	
	
	MIN
	
	


5.3 Coding Efficiency Common Conditions Higher Profile 

	Res.
	Hz.
	Sequence
	BΔ-PSNR
	BΔ-Bits

	QCIF
	10
	Container
	X
	X

	QCIF
	10
	News
	X
	X

	QCIF
	10
	Foreman
	X
	X

	QCIF
	15
	Silent
	X
	X

	CIF
	15
	Paris
	X
	X

	CIF
	30
	Mobile
	X
	X

	CIF
	30
	Tempete
	X
	X

	
	
	AVG
	
	

	
	
	MAX
	
	

	
	
	MIN
	
	


5.3.1 JVT Patent Disclosure Form
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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
	GlobespanVirata
	

	Mailing address
	2500 Walsh Avenue

Santa Clara, CA 95051
	

	Country
	USA
	

	Contact person
	Eric Viscito
	

	Telephone
	1-408-919-6514
	

	Fax
	1-408-727-5078
	

	Email
	Viscito@globespanvirata.com
	

	Place and date of submission
	3rd JVT meeting May 6 – 11, Fairfax
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Improved Chroma Spatial Prediction for Intra Coding

	

	Contribution number
	JVT-C118
	

	
	
	


(Form continues on next page)

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




� If Constrained Intra Prediction is used, then the neighbors must also be intra blocks.
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