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Abstract:  A clean-up of implicit weighted prediction is proposed, relating to the number of bits of precision of the weighting coefficients, and maintaining 16-bit pixel operations. A simplification to the application of weighting factors to chroma coefficients is also proposed.  Additional experimental results for weighted prediction are provided.

Proposed Draft text changes:

1. Formulas for calculation of prediction

The equations proposed in JVT-E060 for forming the predictor in bipredictive macroblocks are, for luma:

P = clip1( (P0 x W0 + P1*W1 + 2LWD)>>(LWD+1)+ (O0 + O1+1)>>1)

and for chroma:

P = clip1(128 + ((CP0-128)xCW0 + (CP1-128)xCW1 + 2CWD) >> (CWD+1) + (CO0+CO1+1)>>1)

JVT-E146d37ncm.doc contains different formulas, for luma:

P = Clip1 (((P0·W0 +2 LWD-1)>>LWD)  + O0 + ((P1·W1 + 2LWD-1) >> LWD) + O1 + 1)>>1) 
(8-35)

and for chroma:

P = Clip1(((((CP0 – 128) · CW0 +2 CWD-1)>>CWD)  + CO0 +

   (((CP1– 128) · CW1 + 2CWD-1) >> CWD) + CO1 + 1) >> 1) 
(8-38)

The chroma equation in JVT-E146d37ncm.doc is missing the addition of the 128 factor, and should read:

P = Clip1(((((CP0 – 128) · CW0 +2 CWD-1)>>CWD)  + 128 + CO0 +

   (((CP1– 128) · CW1 + 2CWD-1) >> CWD) + 128 + CO1 + 1) >> 1) 
(8-38)

The issue has been raised that changing of these formulas was not adequately discussed by the group in Geneva, so I list all formulas for consideration.  Applying the right shift of the log_weight_denom separately for each prediction allows a larger dynamic range of weighting factors, and follows more closely the single directional predictor, so I propose that the formulas of JVT-E146d37ncm.doc be used.

The computation of the chroma predictor can be simplified by not adding and subtracting 128.  While performing the adding and subtracting of 128 provides a more precise scaling of chroma, experimental results in the following section show that the impact on bitrate is small.  Hence, I propose that the chroma formulas be simplified to match the luma formulas.  

I propose that the following equations be used:

For luma bipredictive macroblocks:

P = Clip1 (((P0·W0 +2 LWD-1)>>LWD)  + O0 + ((P1·W1 + 2LWD-1) >> LWD) + O1 + 1)>>1) 
(8-35)

For chroma list 0 prediction:

P = Clip1(((CP0 x CW0 + 2CWD-1) >> CWD + CO0)

For chroma list 1 prediction:

P = Clip1(((CP1 x CW1 + 2CWD-1) >> CWD + CO1)

And for chroma biprediction:

 P = Clip1 (((CP0·CW0 +2 CWD-1)>>CWD)  + CO0 + ((CP1·CW1 + 2CWD-1) >> CWD) + CO1 + 1)>>1)

2. Implicit Mode Weights

Using LWD = 7 for implicit mode, as in JVT-E146d37ncm.doc, does not allow a wide dynamic range of scaling factors when both reference picture predictors are in the same temporal direction.  In addition, it is not specified what will happen if the calculation of W0 and/or W1 exceeds the allowable range –128<= W0, W1 <= 128.

I propose, following the suggestions of Yoshihiro Kikuchi and Alexis Tourapis, that the following be used:

LWD = CWD = 5
W0 = CW0 = clip4(64* DPOC(ref_idx_l1, current_pic) / DPOC (ref_idx_l1, ref_idx_l0))

W1 =  CW1 = 64 - W0             
where clip4(x) limits to –128 to 128 

If the proposal 1 above is adopted, setting LWD=5 allows a scaling ratio of up to 4x when the two reference pictures are in the same direction, while maintaining 16 bit arithmetic.  If proposal 1 is not adopted, a scaling ratio of up to 2x is allowed.

Experimental results:

A preliminary integration of Weighted Prediction in the JM reference software has been performed, in jm50g.  The jm50g version has a known problem involving BS_IMGs, and a corrected version has been made available as jm50g1.  

Additional experimental results are provided using the jm50g1 software.  The sequences tested were 3 second long fades of the commons conditions sequences. Fade-ins and fade-outs to/from black were tested, using a linear pattern and an S-curve pattern.   PBB and  BsBB patterns were tested.  CABAC, RD-OPT, +/-16 search range, 2 ref frames were used.  

Table 1a shows the BD-bitrate for the Fade-in sequences, without the proposed changes to WP, except for correcting the error in the chroma prediction formula. Table 1b shows the BD-bitrate for Fade-in sequences, incorporating the proposed changes.  Table 2a and Table 2b are analogous for the Fade-out sequences.  The BD-PSNR numbers can be seen on the Excel spreadsheet.

	
	
	JVT-E146d37
	Container
	Foreman
	News
	Silent
	Paris
	Tempete
	Mobile
	Average

	PBB
	Linear
	Explicit
	-44.52
	-36.73
	-19.40
	-34.08
	-26.44
	-15.38
	-20.72
	-28.18

	
	
	Implicit
	-47.93
	-35.28
	-22.69
	-37.60
	-26.44
	-17.56
	-20.78
	-29.75

	
	S-Curve
	Explicit
	-52.61
	-36.25
	-20.82
	-35.32
	-25.36
	-13.09
	-18.11
	-28.80

	
	
	Implicit
	-45.35
	-32.82
	-22.08
	-37.33
	-22.11
	-14.55
	-17.23
	-27.35

	BsBB
	Linear
	Explicit
	-44.81
	-39.11
	-20.49
	-33.89
	-26.96
	-16.78
	-20.88
	-28.99

	
	
	Implicit
	-26.72
	-18.19
	-12.72
	-19.04
	-5.66
	1.04
	-0.15
	-11.63

	
	S-Curve
	Explicit
	-51.44
	-37.99
	-23.08
	-35.37
	-27.46
	-14.24
	-18.97
	-29.79

	
	
	Implicit
	-23.66
	-20.94
	-19.54
	-23.98
	-7.73
	1.53
	2.19
	-13.16


Table 1a. BD-Bitrate for Fade-In sequences for JVT-E146d37ncm.doc

	
	
	SIMPLE
	Container
	Foreman
	News
	Silent
	Paris
	Tempete
	Mobile
	Average

	PBB
	Linear
	Explicit
	-45.48
	-38.10
	-20.49
	-34.96
	-27.24
	-15.69
	-20.63
	-28.94

	
	
	Implicit
	-46.84
	-32.79
	-21.91
	-35.52
	-25.44
	-16.54
	-19.68
	-28.39

	
	S-Curve
	Explicit
	-51.08
	-38.26
	-21.66
	-36.43
	-26.20
	-12.21
	-18.07
	-29.13

	
	
	Implicit
	-43.18
	-32.27
	-22.68
	-37.27
	-24.00
	-13.19
	-15.79
	-26.91

	BsBB
	Linear
	Explicit
	-44.29
	-38.37
	-21.65
	-33.33
	-26.77
	-15.84
	-20.23
	-28.64

	
	
	Implicit
	-24.45
	-15.00
	-11.30
	-15.47
	-3.44
	3.32
	1.62
	-9.24

	
	S-Curve
	Explicit
	-50.54
	-37.68
	-22.53
	-35.39
	-27.52
	-13.21
	-17.95
	-29.26

	
	
	Implicit
	-22.15
	-20.38
	-18.21
	-20.65
	-7.66
	4.67
	4.69
	-11.38


Table 1b. BD-Bitrate for Fade-In sequences for proposed changes

	
	
	JVT-E146d37
	Container
	Foreman
	News
	Silent
	Paris
	Tempete
	Mobile
	Average

	PBB
	Linear
	Explicit
	-64.08
	-54.16
	-39.01
	-57.31
	-42.57
	 
	 
	 

	
	
	Implicit
	-66.64
	-50.65
	-41.25
	-60.07
	-42.53
	 
	 
	 

	
	S-Curve
	Explicit
	-57.56
	-45.87
	-36.27
	-49.29
	-36.91
	 
	 
	 

	
	
	Implicit
	-58.47
	-42.18
	-37.81
	-51.69
	-35.70
	 
	 
	 

	BsBB
	Linear
	Explicit
	-63.45
	-52.63
	-38.50
	-54.88
	-40.82
	 
	 
	 

	
	
	Implicit
	-38.52
	-18.97
	-15.51
	-37.56
	-15.33
	 
	 
	 

	
	S-Curve
	Explicit
	-56.90
	-48.38
	-33.93
	-43.37
	-36.68
	 
	 
	 

	
	
	Implicit
	-20.70
	-26.05
	-11.99
	-9.96
	-5.16
	 
	 
	 


Table 2a. BD-Bitrate for Fade-Out sequences for JVT-E146d37ncm.doc

	
	
	SIMPLE
	Container
	Foreman
	News
	Silent
	Paris
	Tempete
	Mobile
	Average

	PBB
	Linear
	Explicit
	-65.70
	-54.48
	-39.62
	-57.84
	-42.54
	-26.70
	-36.55
	-46.20

	
	
	Implicit
	-67.26
	-48.80
	-40.94
	-59.43
	-42.12
	-29.00
	-36.08
	-46.23

	
	S-Curve
	Explicit
	-56.06
	-45.97
	-37.53
	-50.48
	-35.44
	-30.20
	-33.55
	-41.32

	
	
	Implicit
	-56.09
	-41.52
	-38.37
	-52.07
	-34.35
	-32.13
	-31.85
	-40.91

	BsBB
	Linear
	Explicit
	-64.10
	-52.32
	-38.82
	-55.81
	-40.72
	 
	 
	 

	
	
	Implicit
	-35.97
	-17.83
	-15.96
	-34.16
	-13.83
	 
	 
	 

	
	S-Curve
	Explicit
	-55.65
	-48.55
	-33.60
	-47.50
	-33.07
	 
	 
	 

	
	
	Implicit
	-23.17
	-24.88
	-10.18
	-11.74
	-5.70
	 
	 
	 


Table 2b. BD-Bitrate for Fade-Out sequences with proposed changes
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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
	Thomson
	

	Mailing address
	2 Independence Way

Princeton, NJ 08540
	

	Country
	USA
	

	Contact person
	Jill Boyce
	

	Telephone
	+1 609 734 9859
	

	Fax
	+1 609 734 7299
	

	Email
	jill.boyce@thomson.net
	

	Place and date of submission
	Awaji, Japan, Dec 5, 2002
	

	Relevant Recommendation | Standard and, if applicable, Contribution:

	Name (ex: “JVT”)
	JVT
	

	Title
	Weighted Prediction Clean-up
	

	Contribution number
	JVT-F034
	

	
	
	

	
	
	


(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
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