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Summary:

A change is proposed to implicit mode adaptive reference picture weighting, where weighting factors are determined using extrapolation or interpolation based on relative reference picture distances, rather than switching between (1/2, 1/2) and (2, -1), as in the FCD.   The FCD implicit weighting factors are ideal for linear fades, only for certain reference picture distances.    The proposed change allows ideal implicit weighting factors for arbitrary reference picture distances with linear fades.  Average bitrate reductions averaging 30% using the proposed implicit mode for BsBB pattern fading sequences, as compared to 16% average bitrate reduction for the FCD implicit mode using the current JM42 software.

It is also proposed to simplify the pred_weight_table() syntax by removing custom bipred weights for explicit mode.  

Proposal 1: Change to Implicit Mode

In the FCD, two methods are provided for adaptive reference picture weighting – implicit mode and explicit mode.  In the implicit mode method, only weighting factors of (2, -1)  and (1/2, 1/2) are used.  For explicit mode, a weighting factor for each reference picture is sent once per slice, and is selected for each motion block based on the reference picture index.  

The (2, -1) weighting for implicit mode is ideal for linear fades applied evenly across the picture, with the list 1 reference picture twice as far away in time and in the same direction from the current picture as the list 0 reference picture.  The (1/2, 1/2) weighting is ideal for non-fades and for linear fades where the two reference pictures are the same distance away in time but in two different directions.  For linear fades with other reference picture spacing,  (2, -1) and (1/2, 1/2) reference picture weighting factors are not ideal.  

Explicit mode can provide better weighting factors in this case, where the ideal weighting factor for each reference picture is selected and transmitted once per slice.   A decision was made to transmit weighting factors once per slice rather than once per picture in the FCD, so the extra overhead for transmitting weighting factors for explicit mode becomes more significant.  

For linear fades, the ideal weighting factors are easily derivable from the relative distances between the current picture and the reference pictures, using interpolation or extrapolation, respectively, for reference pictures in different or the same direction in display time.  In the FCD, relative timing information is available.   The overhead needed to transmit these distance-based weighting factors for linear fading sequences can be eliminated by changing the definition of implicit mode.

We propose changing the equation for calculating the prediction in implicit mode from 
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where Z0 and Z1 are defined similarly to the Z’s in temporal direct mode motion vector scaling and motion vector scaling for bipredictive pictures, 

Z0 = (256* (T1 – T)) / (T1 – T0)  

Z1 = (256* (T – T0)) / (T1 – T0)

where T is the display time of  the current picture, T0 is the display time of the list 0 reference picture P0 and  T1 is the display time of the list 1 reference picture.  

For a bipredictively coded block where T1 is the reference picture that is two pictures before the current picture in display order and T0 is the reference picture that is one picture before the current picture in display order, the formula defaults to the FCD implicit mode formula with weights (2, -1), P = 2 * P0 – P1, except for the addition of a rounding constant.  For a traditional bidirectionally coded block, with T1 is one picture after the current picture and T0 is one picture preceding the current picture in display order, the formula defaults to the FCD implicit mode formula with weights (1, 2, 1/2), P =  (P0 + P1 + 1)/2;
The calculation of the Z factors does not add to implicit mode complexity, as Z is already calculated once per picture for motion vector scaling.   Multiplication by Z instead of by 2 or –1 may be a small increase in complexity.  However, multiplying by Z is no more complex than multiplying by an arbitrary 8 bit value, as is supported in explicit mode.  There are currently no profiles which support implicit mode and not explicit mode, so changing this definition of implicit mode does not add to the complexity of any existing profile.  Without such a change, implicit mode performs poorly for any sequences that use 2 consecutive B frames or that benefit from the use of multiple reference frames.

No syntax changes to the FCD are necessary with this proposed change.

Proposal 1 Experimental results

Some experimental results are provided comparing the proposed implicit mode with the FCD implicit mode.   Linear fade-ins were applied to the first second of the common conditions sequences.  For all simulations, the following parameters were used: RD-opt on, CABAC, 2 non-stored B pictures with stored B pictures taking the place of all but the first P picture (Bs B B),  MV search range +/-16, 2 reference pictures.  Changes to the JM42 software (that did not affect FCD compliance) were necessary in order to provide more meaningful results.   Details can be found in the associated Excel file.

Table 1 shows the performance of implicit mode of the existing JM42 software, with BipredictiveWeighting = 1 vs BipredictiveWeighting = 2.  The bitrate reduction ranged from 1% – 34%, and averaged 13%.

In the existing JM42 software, application of a weighting factor to the reference pictures is not considered for motion estimation and mode decision; instead normal non-weighted reference pictures are used.  This leads to intra mode being chosen much too often, and sometimes poor motion vector selection.   The JM42 software was revised to additionally store weighted reference pictures, to be used for motion estimation and mode decision.    The current JM42 software also forces bipredictive mode and reference pictures selected to be one and two stored pictures before the current picture for all blocks in pictures of type BS_IMG.  For B_IMG’s, the current JM42 software forces bipredictive mode with the immediately preceding and immediately following stored pictures used as references.  The software was revised to allow selection of other reference pictures and other modes.  These changes to the software do not affect compliance with the current FCD, and led to a small average bitrate improvement of 1.5% over the JM42 software, with the FCD implicit mode definition, both with BipredictiveWeighting = 2.  Details are in Table 2 below.

The proposed change to the implicit mode was then implemented on top of the revised JM42 software.   Table 3 shows results for the proposed method as compared with the revised JM42 software.   The bitrate reduction of the proposed method vs. the FCD implicit method ranged from 5 – 61% with an average of 26%.  Most of the gain comes from the two consecutive non-stored B frames being able to use (1/3, 2/3) weighting instead of (1/2, ½)  weighting.  

Table 4 shows the total gains of the proposed implicit method vs. the JM42 software with BipredictiveWeighting = 1 (Bipredictive pictures, but no implicit bipredictive weighting).  The total bitrate reduction of the proposed implicit mode ranged from 10% - 75% with an average gain of 39%.   

	Sequence
	mobile
	container
	foreman
	news
	silent
	paris
	tempete
	average

	delta bitrate
	-1.85
	-22.24
	-7.56
	-21.01
	-16.02
	-40.09
	-3.72
	-16.07

	delta psnr
	0.09
	1.06
	0.31
	0.81
	0.68
	0.75
	0.15
	0.55


Table 1. JM42 with BipredictiveWeighting = 2 (Implicit mode) vs. BipredictiveWeighting = 1

	Sequence
	mobile
	container
	foreman
	news
	silent
	paris
	tempete
	average

	delta bitrate
	-2.27
	-0.65
	-4.68
	0.53
	-1.87
	-0.08
	-1.11
	-1.45

	Sequence
	0.11
	0.02
	0.06
	-0.03
	0.09
	-0.02
	0.04
	0.04


Table 2. Revised JM42 software vs JM42 software, both with Implicit mode

	Sequence
	mobile
	container
	foreman
	news
	silent
	paris
	tempete
	average

	delta bitrate
	-9.57
	-29.98
	-25.49
	-16.87
	-11.59
	-15.04
	-5.50
	-16.29

	Sequence
	0.48
	1.72
	1.86
	0.73
	0.59
	0.27
	0.22
	0.84


Table 3. Proposed implicit mode method vs. revised JM42 software with FCD implicit mode

	Sequence
	mobile
	container
	foreman
	news
	silent
	paris
	tempete
	average

	delta bitrate
	-13.35
	-46.23
	-27.01
	-34.36
	-28.43
	-49.47
	-10.05
	-29.84

	Sequence
	0.68
	3.01
	2.35
	1.57
	1.47
	1.04
	0.42
	1.50


Table 4. Proposed implicit mode method vs JM42 software with BipredictiveWeighting = 1

Proposal 2: Simplification of explicit mode

We also propose simplifying the explicit mode syntax.  Even with the above proposed change to implicit mode, explicit mode is needed to efficiently encode sequences with non-linear fades.  In the FCD, a weighting factor associated with each reference picture may be transmitted.  This weighting factor is used alone if a single reference picture is used, and the weights from two different reference pictures are used for bipredictive macroblocks.  The FCD also provides the possibility of transmitting custom bipred weights, rather than using the combination of the weights sent for each reference picture alone.  We propose simplifying reference picture weighting by eliminating the custom bipred flexibility.  This would remove the following lines from the pred_weight_table( ) syntax.

	

num_custom_bipred_weights

	

for( i=0; i < num_custom_bipred_weights; i++ ) {

	


if( num_ref_idx_l0_active_minus1> 0 )

	



irp_l0

	


if(num_ref_idx_l1_active_minus1 > 0 )

	



irp_l1

	


luma_weight_bipred_l0[ irp_l0 ][ irp_l1 ]

	


luma_weight_bipred_l1[ irp_l0 ][ irp_l1 ]

	


luma_offset_bipred[ irp_l0 ][ irp_l1 ]

	


chroma_weight_flag_bipred[ irp_l0 ][ irp_l1 ]

	


if ( chroma_weight_flag_bipred[ irp_l0 ][ irp_l1 ] )

	



for( j = 0; j < 2; j++ ) {

	




chroma_weight_bipred_l0[ irp_l0 ][ irp_l1 ][ j ]

	




chroma_weight_bipred_l1[ irp_l0 ][ irp_l1 ][ j ]

	




chroma_offset_bipred[ irp_l0 ][ irp_l1 ][ j ]

	


}

	

}

	
}

	}


It has not been demonstrated that allowing such flexibility provides a measurable gain.  The results presented in JVT-D122 did not use this flexibility.
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