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Abstract:

JVT-C066 proposed two methods of adaptive weighting of bi-predictive pictures, implicit and explicit.  In the explicit method, an adaptive weighting factor index is transmitted once per motion sub block or 8x8 region.  In this contribution, a clean-up to JVT-C066 is proposed, where the reference picture index is used to select the weighting factor, rather than explicitly transmitting a weighting factor index.   Weighting factors associated with the allowable reference pictures are transmitted once per picture or slice.  During fading scenes, bitrate reductions of up to 59% are achieved using the proposed method.  

Background:

JVT-C066 proposed two methods of adaptive weighting of bi-predictive pictures, implicit and explicit.  In the implicit method, only weighting factors of (1/2, 1/2) and (2, -1) are used, and no explicit signaling is necessary to determine which factors to use.  If ref_fwd_index is <= ref_bwd_index, (1/2, 1/2 ) is used, otherwise (2,-1) is used.  In the explicit method, the set of allowable weighting factors is sent with each picture header, and an adaptive weighting index, abp_coeff_index is sent once per motion sub block or 8x8 region.  The use of the explicit method is signaled in the picture header by the explicit_bipred_weight_indication field; otherwise the implicit mode is used.  

JVT-C066 was accepted at the Fairfax meeting, but no decision was made about whether or not one or both methods would be adopted into a profile.  JVT-C066 applies only to Bi-predictive pictures.

The implicit mode of JVT-C066 uses only weighting factors of (1/2, 1/2) and (2, -1).  For a linear fade (of an unmoving image), when reference pictures of distances 1 and 2 pictures in the same direction are used, using weighting of (2, -1) is optimal.  But if multiple reference pictures are used, (2, -1) is not generally an optimal choice for weighting, for example when reference pictures at distances of 1 and 4 pictures are used.   The compression efficiency advantages of using adaptive bipredictive weighting in implicit mode and of using multiple reference pictures are unlikely to have a strongly additive effect because the weighting factors will be suboptimal for most reference picture choices.  For non-linear fades, the (2, -1) weighting is also clearly not an optimal weighting choice.

The explicit mode of JVT-C066 allows different weighting factors to be used for each motion sub block or 8x8 region, by explicit signaling of abp_coeff_idx.  This allows for different weighting factors to be used when different reference pictures were used.  However, the overhead for transmitting the abp_coeff_idx fields is significant, in particular because it must be transmitted for each motion sub block or 8x8 region, even for direct mode MBs.  For example, for a 30 fps CIF sequence, with 2 consecutive B frames, assuming an average of 2 bits to code the abp_coeff_idx, the bitrate to transmit abp_coeff_idx will range from 15.8 kbps (for all 16x16 motion blocks) to 63.4 kbps (for all 8x8 or smaller motion blocks).  

Proposal:

A clean-up to JVT-C066 is proposed, which improves compression efficiency for uniform fading sequences coded with multiple reference pictures.   Rather than explicitly transmitting a weighting factor index for each motion sub block or 8x8 region, the reference picture indices are used to select which weighting factor to use.  The reference picture indices, ref_fwd_index and ref_bwd_index, are already transmitted (or derived for direct mode) for each motion sub block or 8x8 region.  For any fade that is applied uniformly across the entire picture, regardless of whether or not it is a linear fade, the optimal weighting factor will be the same for all blocks using the same reference picture.  

If adaptive reference picture weighting is indicated in the picture header, using the (possibly renamed) explicit_B_prediction_block_weight_indication field, at the picture header layer weighting factors are transmitted for each allowable reference picture.  Syntax for coding of the weighting factors is similar to that done in JVT-C066, but the semantics are changed to associate each index with a reference picture index.

The explicit mode of JVT-C066 could be similarly used to select different weighting factors for each motion sub block that uses a different reference picture index.  But because the reference picture index is already transmitted for each motion sub block or 8x8 region, the overhead for signaling of the weighting factor is eliminated in the current proposal.  In contrast, for JVT-C066, an abp_coeff_idx is required to be sent for every motion sub block or 8x8 region in the B picture, including those MBs which are coded in direct mode.  

For fades that are applied uniformly across the entire picture, the proposed method should outperform JVT-C066, because of the reduction in overhead for the signaling of abp_coeff_idx is no longer required.  For fades applied non-uniformly across the entire picture, the relative performance of this contribution and JVT-C066 is uncertain.  However, an encoder which uses the current contribution could intelligently select weights for the different reference pictures to correspond to different fading weights of the different regions.  

Because weighting factors for the current proposal are applied independently to each reference picture used to form a prediction, it is equally applicable to P and B pictures, unlike JVT-C066 which is applicable only to B pictures. 

I propose that the adaptive reference picture weighting mode described in this contribution be adopted into the main profile, rather than the explicit mode of JVT-C066.   I propose three options:

Option 1: Reference picture weighting is used only in B pictures.

Option 2: Reference picture weighting is used in P and B pictures in main profile, but not used in P pictures for baseline profile.

Option 3: Reference picture weighting is used in P pictures for all profiles and in B pictures for all profiles that include B pictures.

Experimental Results:

Side-by-side tests comparing coding efficiency with JVT-C066 could not be performed, because the software for JVT-C066 has not yet been incorporated into the JM software.   Upon request, the contributor of JVT-C066 made available a version of the adaptive bi-predictive software, but the software version provided did not include the full functionality described in JVT-C066. The software provided was based upon Multi-hypothesis P pictures, not on Bi-predictive pictures.   Coding efficiency gains using B pictures, and in particular using direct mode, could not be evaluated for JVT-C066 using the provided software.  

In the proposed method, if the adaptive reference picture weighting is not used for a given picture, only a single bit is needed in the picture header to indicate that weights will not be used.  For non-fading sequences, an encoder may choose to not use adaptive reference picture weighting, so testing of this contribution for the normal common conditions sequences seems unnecessary.   

Experiments were conducted using fading sequences, comparing performance with JM34a.  Fading in from black was applied to the first 1 second of the following sequences: paris, silent, tempete, mobile, container, foreman, and news. In addition, a longer sequence entitled “fades” was prepared which included multiple fades in and out by concatenating the mobile, paris, silent and tempete sequences at CIF 30fps, with fades to and from black at every transition.  Each fade duration lasted 30 frames, or 1 second.   Fading occurred during approximately 20% of the “fades” sequence, i.e., 1 second fade in, 8 seconds of normal, 1 second fade out, repeat … .  This type of fading sequence occurs frequently in movie trailers and music videos.  

Delta psnr and bitrate sequences are presented in the table below.  JM34a was used with CABAC on, 5 reference pictures, ¼ pel motion, +/- 16 motion estimation range, QP = 28, 32, 36, and 40 (equivalent to the earlier QP=16, 20, 24, and 28).  Results are presented separately for  P frames only and for PBB frames, with QPB = QP+2.    The delta psnr and bitrate values were calculated for the PBB sequences with adaptive reference picture weighting compared to the PBB sequences with normal JM34a.

For the fading sequences, the delta bitrate gains were on average 38.83% for PBB sequences.  For the “fades” sequence, which contained a mixture of fades and normal content, the delta bitrate gain was 10.90% for the P only sequence and 9.17% for the PBB sequence.

	
	P only
	PBB

	Sequence
	Delta bitrate
	Delta psnr
	Delta bitrate
	Delta psnr

	Fading sequences
	
	
	
	

	mobile fade in
	-37.97
	2.46
	-35.46
	2.02

	paris fade in
	-48.75
	3.55
	-36.22
	2.46

	silent fade in
	-59.30
	5.97
	-48.49
	3.94

	tempete fade in
	-31.40
	1.62
	-22.30
	1.13

	container fade in
	-38.77
	1.20
	-58.90
	2.55

	foreman fade in
	-29.28
	1.01
	-54.08
	2.29

	news fade in
	-18.03
	0.81
	-16.38
	0.69

	average
	-37.64
	2.38
	-38.83
	2.16

	
	
	
	
	

	Fade/normal seq
	
	
	
	

	fades
	-10.90
	0.55
	-9.17
	0.43


Syntax changes:

In prediction16x16(mb_type) and prediction8x8(mb_type) remove abp_coeff_idx field.

In adaptive_B_prediction_coeff_table(), change

for( i=0; i<=number_of_luma_abp_coeff_minus1; i++ )      
  to

for( i=0; i<=num_ref_pic_active_fwd_minus1 +  num_ref_pic_active_bwd_minus1 + 2; i++ )         

and remove number_of_luma_abp_coeff_minus1.
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