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Abstract

This proposal describes a reference software contribution for extended bipartitioning of macroblocks and submacroblocks, which complements the existing H.264 quadtree of inter coding partitions. Whereas the H.264 quadtree is based on the idea of using more and smaller partitions, drawn from a limited set of block shapes and sizes, this proposal focuses on introducing a higher diversity of partition shapes while keeping the number of macroblock/submacroblock partitions at 2 (“bipartitioning”).
The proposed software aims to be flexible in allowing experimentation with new partition shapes. Because the shape masks are generated programmatically at encoder and decoder side, it is easily extensible to explore new shapes.
The extended macroblock bipartitioning modes currently implemented in the software allow a macroblock to be bipartitioned along a horizontal, vertical, or diagonal edge. The edge may be offset from the MB center in 1-pel increments, leading to 2x31 new modes in the diagonal class, 14 in the horizontal, and 14 in the vertical class, for a total of 90. Experiments have confirmed that these angles are the most worthwhile of any set of 4 in terms of compression efficiency.
At the submacroblock level there are 2x15 diagonal partitioning modes and 2x6 horizontal and vertical for a total of 42.
Due to the relatively low number of new modes introduced, it is feasible to use exhaustive rate-distortion optimized MB/sub-MB mode decision to choose the best mode, with acceptable computational complexity. Coding efficiency gains are around 2% – 6% and less for high definition material. Encoding times increase linearly with the number of new partition types to be evaluated. The extended partitioning scheme works well together with the other key H.264 inter coding tools.

1. Introduction

This proposal investigates a family of extended bipartitioning modes. These modes split a macroblock or submacroblock in two motion-compensated partitions in ways not available in the canonical H.264 quadtree. The aim is to keep the number of additional macroblock modes small. Therefore, only bipartitioning along a straight edge is considered, and the edge is allowed only to have a vertical, horizontal, or diagonal (+45 deg. or -45 deg.) orientation. We have experimentally verified that these angles perform best in a rate-distortion sense. The edge location can be offset from the macroblock center. The encoder can change the offset in 1-pel increments. Fig. 1 illustrates all possible locations of a bipartitioning edge defined this way. The horizontal and vertical partitioning modes with zero offset already exist in the H.264 quadtree and need not be repeated.
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Fig. 1. Possible locations of the MB bipartitioning edge, arranged in four classes.

This definition gives rise to 2x31 (for the diagonal classes) + 2x14 (for the horizontal and vertical class) positions for the bipartitioning edge, for macroblocks, and to 2x15 + 2x6, for submacroblocks. Each of these positions is treated as a separate, new (sub)macroblock mode. By consequence, the selection of the best edge to be used for a macroblock is absorbed into the R-D mode decision process. In high-complexity mode, the best edge will thus be determined in a rate-distortion optimized manner. Due to the relatively small number of new modes, the use of high complexity mode decision is possible with an acceptable computational complexity penalty.

Related proposals

This proposal is a follow-up of VCEG-AH25 [6]  in which we outlined in more detail some results of the mode decision process; more specifically, we observed how the highly unbalanced partitioning modes, where one subpartition is much smaller than the other, bring little R-D improvement and can be discarded from the search space without considerable R-D losses. We will also illustrate this in the results section.
Proposals VCEG-AF10 [1], VCEG-AG13 [2], and VCEG-AH16 [5] also investigate macroblock bipartitioning along a straight edge. In those proposals the orientation of the edge is unconstrained, leading to a comparatively large number of modes.
The approach presented in the present document only allows bipartitioning edge slopes of 0, +-45, and 90 degrees. Depending on the implementation details, this fact may limit the amount of new motion compensation core functions that need to be provided in decoders (especially in those implementations where MC is carried out on block- or subblock-sized units, e.g. on 4x4 blocks).
2. Implementation details
The implementation is based on KTA1.6. The macroblock-level extended partitioning modes are compatible with the following key coding tools:

· Adaptive 4x4 and 8x8 transforms
· Multiple reference frames

· P and B slices

· Weighted prediction

· Referenced B slices

· CAVLC and CABAC

· ¼-pel motion vector resolution

· H.264 deblocking filter

Subpartitions at the macroblock level may have different prediction lists (LIST_0, LIST_1, or BI_PRED) and different reference frame indices.

At the submacroblock level, the subpartitions are restricted to have the same prediction list and reference frame, analogous to the sub-8x8 partition sizes in H.264. Also, following the H.264 design, the 8x8 transform is not evaluated for the new submacroblock partition types.
For the selection of the best MV for each new partition, rate-constrained search is employed. Supported JM/KTA search strategies are Full Search, Fast Full Search, and EPZS. The best location of the bipartitioning edge is determined along with the mode decision process. Currently, only high-complexity mode decision (RDOptimization = 1) is supported. In summary, the extended bipartitioning tool can be used in both the Baseline and High Profile VCEG Common Test Conditions.

The use of the Hadamard transform during motion estimation is not supported for the new partition shapes. For the new partitions, the encoder automatically falls back to the SAD error metric. This is because the Hadamard transform is only defined on square supports of certain sizes. As a side effect of this, we observe some coding efficiency loss when UseHadamard=1, since the existing H.264 partitions will be assigned motion vectors which are more optimal. Coding efficiency results with UseHadamard=0 (SAD metric for all partition types) allows a better assessment of the coding efficiency gains due to the extended partitioning alone.
Chroma residuals are subjected the same (appropriately scaled) partitioning as the luma component. Current support extends to 4:2:0 only. The motion vector prediction remains an area of possible further improvements and the interaction between BIPART and the MV_PREDICTION KTA tool is currently being investigated.
The mapping of pixels to one of both partitions is generated programmatically at both encoder and decoder, allowing the software to be easily extended to explore more shapes or angles.
For the horizontal and vertical families the partition boundary is ‘sharp’ while the pixels on the diagonal boundaries are predicted using the average of both partitions’ prediction signals.

Currently the most important limitations in the implementation are on chroma format (only 4:0:0 and 4:2:0 are supported) and frame structure (PAFF and MBAFF are not supported). However there are no fundamental incompatibilities between these and the proposed tool.
Configuration

The use of the extended partitioning modes can be controlled for P and B slices, and for the macroblock and submacroblock levels, independently. In addition, it is possible to enumerate which modes are to be included in the search. The set of modes that were included by the encoder is signaled in the bitstream: this allows the edge offset parameters to be repacked which saves a considerable amount of bits, especially when a sparse set of modes is chosen.
The new configuration parameters are as follows:

ExtendedMBBipart    = 0      # Extended MB    bipartitioning: 0=off 1=Pframes 2=Bframes 3=P&B

ExtendedSubMBBipart = 0      # Extended submb bipartitioning: 0=off 1=Pframes 2=Bframes 3=P&B

# MB-level diagonal offsets to be tested (comma-separated list)

BipartMBModesDia         = '0,1,-1,2,-2,3,-3,4,-4,5,-5,6,-6,7,-7,8,-8,9,-9,10,-10,11,-11,12,-12,13,-13,14,-14,15,-15'   
#BipartMBModesDia         = '0,1,-1,2,-2,3,-3,4,-4,5,-5,6,-6'   # A reduced set

# MB-level hor/vert offsets to be tested (comma-separated list)

BipartMBModesHV          = '1,-1,2,-2,3,-3,4,-4,5,-5,6,-6,7,-7'    
#BipartMBModesHV          = '1,-1,2,-2,3,-3,4,-4,5,-5,6,-6'    # A reduced set
# Sub-MB-level diagonal offsets to be tested (comma-separated list)

BipartSubMBModesDia      = '0,1,-1,2,-2,3,-3,4,-4,5,-5,6,-6,7,-7'    

#BipartSubMBModesDia      = '0,1,-1,2,-2,3,-3'    # A reduced set

# Sub-MB-level hor/vert offsets to be tested (comma-separated list)
BipartSubMBModesHV       = '1,-1,2,-2,3,-3'    

#BipartSubMBModesHV       = '1,-1,2,-2'    # A reduced set

Signaling details
High-level syntax

The high-level signaling consists of a number of flags indicating which modes are being used. As mentioned above, the primary reason for signaling this is the improved signaling of the offset parameters within the slice data.
The following SPS syntax fragment shows the inclusion of the new high-level syntax elements:

	
…
	
	

	
pic_width_in_mbs_minus1
	0
	ue(v)

	
pic_height_in_map_units_minus1
	0
	ue(v)

	
frame_mbs_only_flag
	0
	u(1)

	
if( !frame_mbs_only_flag )
	
	

	

mb_adaptive_frame_field_flag
	0
	u(1)

	
direct_8x8_inference_flag
	0
	u(1)

	
bipart_mb_flag_pframe
	0
	u(1)

	
bipart_mb_flag_bframe
	0
	u(1)

	
if( bipart_mb_flag_pframe || bipart_mb_flag_bframe ) {
	
	

	

bipart_mb_offset_flag_dia_0
	0
	u(1)

	

bipart_mb_offset_flag_dia_1
	0
	u(1)

	

bipart_mb_offset_flag_dia_2
	0
	u(1)

	

bipart_mb_offset_flag_dia_3
	0
	u(1)

	

bipart_mb_offset_flag_dia_4
	0
	u(1)

	

bipart_mb_offset_flag_dia_5
	0
	u(1)

	

bipart_mb_offset_flag_dia_6
	0
	u(1)

	

bipart_mb_offset_flag_dia_7
	0
	u(1)

	

bipart_mb_offset_flag_dia_8
	0
	u(1)

	

bipart_mb_offset_flag_dia_9
	0
	u(1)

	

bipart_mb_offset_flag_dia_10
	0
	u(1)

	

bipart_mb_offset_flag_dia_11
	0
	u(1)

	

bipart_mb_offset_flag_dia_12
	0
	u(1)

	

bipart_mb_offset_flag_dia_13
	0
	u(1)

	

bipart_mb_offset_flag_dia_14
	0
	u(1)

	

bipart_mb_offset_flag_dia_15
	0
	u(1)

	

bipart_mb_offset_flag_hv_1
	0
	u(1)

	

bipart_mb_offset_flag_hv_2
	0
	u(1)

	

bipart_mb_offset_flag_hv_3
	0
	u(1)

	

bipart_mb_offset_flag_hv_4
	0
	u(1)

	

bipart_mb_offset_flag_hv_5
	0
	u(1)

	

bipart_mb_offset_flag_hv_6
	0
	u(1)

	

bipart_mb_offset_flag_hv_7
	0
	u(1)

	
}
	
	

	
bipart_submb_flag_pframe
	0
	u(1)

	
bipart_submb_flag_bframe
	0
	u(1)

	
if( bipart_submb_flag_pframe || bipart_submb_flag_bframe ) {
	
	

	

bipart_submb_offset_flag_dia_0
	0
	u(1)

	

bipart_submb_offset_flag_dia_1
	0
	u(1)

	

bipart_submb_offset_flag_dia_2
	0
	u(1)

	

bipart_submb_offset_flag_dia_3
	0
	u(1)

	

bipart_submb_offset_flag_dia_4
	0
	u(1)

	

bipart_submb_offset_flag_dia_5
	0
	u(1)

	

bipart_submb_offset_flag_dia_6
	0
	u(1)

	

bipart_submb_offset_flag_dia_7
	0
	u(1)

	

bipart_submb_offset_flag_hv_1
	0
	u(1)

	

bipart_submb_offset_flag_hv_2
	0
	u(1)

	

bipart_submb_offset_flag_hv_3
	0
	u(1)

	
}
	
	

	
frame_cropping_flag
	0
	u(1)

	
if( frame_cropping_flag ) {
	
	

	

frame_crop_left_offset
	0
	ue(v)

	

frame_crop_right_offset
	0
	ue(v)

	

frame_crop_top_offset
	0
	ue(v)

	

frame_crop_bottom_offset
	0
	ue(v)

	
}
	
	

	
…
	
	


Macroblock layer syntax

At the level of the macroblock header, a flag is added to signal the use of a new mode, followed if necessary by class (angle) and offset parameters.

	macroblock_layer( ) {
	C
	Descriptor

	
mb_type
	2
	ue(v) | ae(v)

	
if( UseMacroblockLevelBipart( slice_type ) &&



IsInter16x16( mb_type ) ) {
	
	

	

bipart_mb_flag
	2
	u(1) | ae(v)

	

if( bipart_mb_flag )
	
	

	

    bipart_mb_class
	2
	u(2) | ae(v)

	             if( slice_type == B)
	
	

	



mb_bipart_pdir_p1
	2
	u(v) | ae(v)

	


mb_bipart_offset_abs
	2
	ue(v) | ae(v)

	


if( offset( mb_bipart_offset_abs ) )
	
	

	



mb_bipart_offset_sign
	2
	u(1) | ae(v)

	

}
	
	

	
}
	
	

	
if( mb_type  = =  I_PCM ) {
	
	

	

…
	
	


At the level of the submacroblock mode signaling, similar syntax is inserted for each submacroblock when the macroblock mode is P_8x8 or B_8x8. However, in this case the mb_bipart_pdir_p1  syntax element is not present because both subpartitions are required to use the same prediction list.
NumSubMBPart(), SubMBPredMode() and related function definitions are adapted so they yield the correct number of motion vectors and reference frame indices to be read from the bitstream.

When using UVLC the class parameter is mapped as follows:
	value of *_bipart_class
	Bipartitioning class

	0
	BIPART_DIA_UP

	1
	BIPART_DIA_DOWN

	2
	BIPART_ HOR

	3
	BIPART_VERT


The mb_bipart_pdir_p1  syntax element is used to derive the prediction list of the second subpartition while the prediction list of the first is signaled within the macroblock type as is the case for the existing H.264 B slice macroblock inter modes. It is inferred as follows:

	Value of mb_bipart_pdir_p1
	p_dir of P0
(as signaled in mb_type)
	inferred p_dir of P1

	0
	LIST_0
	LIST_0

	0
	LIST_1
	LIST_1

	0
	BIPRED
	BIPRED

	1
	LIST_0
	LIST_1

	1
	LIST_1
	LIST_0

	1
	BIPRED
	LIST_0

	2
	LIST_0
	BIPRED

	2
	LIST_1
	BIPRED

	2
	BIPRED
	LIST_1


CABAC parsing process
mb_bipart_flag – this flag uses one of three contexts:

	mb_bipart_flag(topMB)
	mb_bipart_flag(leftMB)
	context index

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	2


mb_bipart_flag(MB) is derived as follows:

· If MB is available, mb_bipart_flag(MB) equals the value of the mb_bipart_flag syntax element of MB.

· otherwise, mb_bipart_flag(MB) is equal to zero.

submb_bipart_flag – this flag uses one context.

mb_bipart_class, sub_mb_bipart_class – employ a fixed length (FL) binarization into 2 bins:
	class
	bin 0
	bin 1

	BIPART_DIA_UP
	0
	0

	BIPART_DIA_DOWN
	0
	1

	BIPART_HOR
	1
	0

	BIPART_VERT
	1
	1


Bin 0 uses 1 context while bin 1 is coded without context (CABAC bypass mode).

mb_bipart_pdir_p1 – employs the following variable-length binarization:
	mb_bipart_pdir_p1_code
	bin 0
	bin 1

	0
	0
	

	1
	1
	0

	2
	1
	1


Bin 0 uses 1 context while bin 1 is coded without context (CABAC bypass mode).

mb_bipart_offset, sub_mb_bipart_offset – uses a truncated unary (TU) binarization.
mb_bipart_sign, sub_mb_bipart_sign – coded without a context. 
The tables below summarize the new CABAC contexts used for signaling the extended bipartitioning.

Contexts for MB-level (16x16) BIPART
	ctx #
	syntax element
	Bin
	slice type

	0
	mb_bipart_flag
	N/A
	P/B

	1
	mb_bipart_flag
	N/A
	P/B

	2
	mb_bipart_flag
	N/A
	P/B

	3
	mb_bipart_class
	0
	P/B

	4
	mb_bipart_offset
	0
	P/B

	5
	mb_bipart_offset
	1+
	P/B

	6
	mb_bipart_offset
	0
	P/B

	7
	mb_bipart_offset
	1+
	P/B

	8
	mb_bipart_pdir_p1
	0
	B

	9
	-
	-
	-


Contexts for sub-MB level (8x8) BIPART

	ctx #
	syntax element
	bin
	slice type

	0
	-
	-
	-

	1
	-
	-
	-

	2
	-
	-
	-

	3
	sub_mb_bipart_class
	0
	P/B

	4
	sub_mb_bipart_offset
	0
	P/B

	5
	sub_mb_bipart_offset
	1+
	P/B

	6
	sub_mb_bipart_offset
	0
	P/B

	7
	sub_mb_bipart_offset
	1+
	P/B

	8
	-
	-
	-

	9
	sub_mb_bipart_flag
	N/A
	P/B


3. Coding efficiency results and computational complexity
The table below summarizes coding efficiency results subject to the VCEG Common test Conditions [4]. While the Common Conditions mandate the use of the SATD metric during motion estimation, we also included illustrative results when the SAD error metric is used. This is for the aforementioned reason of the H.264 quadtree partitions receiving SATD-derived (and thus slightly more optimal) motion vectors while the new partition shapes always use the SAD distortion criterium.
	
	Input
	SATD
	SAD (illustrative)

	
	Sequence
	Format
	Rate
	BD-PSNR (dB)
	BD-bit rate (%)
	BD-PSNR (dB)
	BD-bit rate (%)

	BASELINE
	container
	QCIF
	15 Hz
	0.1290
	-2.788
	0.1608
	-3.434

	
	foreman
	QCIF
	15 Hz
	0.2879
	-5.549
	0.3442
	-6.646

	
	silent
	QCIF
	15 Hz
	0.2136
	-3.736
	0.2428
	-4.291

	
	paris
	CIF
	15 Hz
	0.2305
	-4.052
	0.2678
	-4.673

	
	foreman
	CIF
	30 Hz
	0.1810
	-4.143
	0.2124
	-4.879

	
	mobile
	CIF
	30 Hz
	0.2153
	-4.037
	0.2876
	-5.330

	
	tempete
	CIF
	30 Hz
	0.1847
	-3.770
	0.2472
	-5.062

	
	bigships
	720p
	60 Hz
	0.0258
	-0.800
	0.0507
	-1.572

	
	city
	720p
	60 Hz
	0.0351
	-1.131
	0.0536
	-1.703

	
	crew
	720p
	60 Hz
	0.0205
	-0.679
	0.0409
	-1.317

	
	night
	720p
	60 Hz
	0.1110
	-2.984
	0.1389
	-3.735

	
	shuttlestart
	720p
	60 Hz
	0.0097
	-0.357
	0.0212
	-0.730

	HIGH IBBP
	container
	QCIF
	15 Hz
	0.1631
	-3.549
	0.1716
	-3.894

	
	foreman
	QCIF
	15 Hz
	0.1427
	-2.903
	0.2992
	-6.084

	
	silent
	QCIF
	15 Hz
	0.1755
	-3.223
	0.2809
	-5.201

	
	paris
	CIF
	15 Hz
	0.1745
	-3.073
	0.2885
	-5.085

	
	foreman
	CIF
	30 Hz
	0.0457
	-1.037
	0.1808
	-4.133

	
	mobile
	CIF
	30 Hz
	0.0281
	-0.605
	0.1327
	-2.700

	
	tempete
	CIF
	30 Hz
	0.0140
	-0.351
	0.1006
	-2.367

	
	bigships
	720p
	60 Hz
	 
	 
	 
	 

	
	city
	720p
	60 Hz
	 
	 
	 
	 

	
	crew
	720p
	60 Hz
	 
	 
	 
	 

	
	night
	720p
	60 Hz
	 
	 
	 
	 

	
	shuttlestart
	720p
	60 Hz
	 
	 
	 
	 

	HIGH HIER
	container
	QCIF
	15 Hz
	0.0740
	-1.396
	0.0763
	-1.448

	
	foreman
	QCIF
	15 Hz
	0.1253
	-2.591
	0.2562
	-5.281

	
	silent
	QCIF
	15 Hz
	0.1561
	-2.859
	0.2079
	-3.783

	
	paris
	CIF
	15 Hz
	0.1671
	-3.028
	0.2690
	-4.846

	
	foreman
	CIF
	30 Hz
	-0.0292
	0.671
	0.1453
	-3.386

	
	mobile
	CIF
	30 Hz
	-0.0783
	1.858
	-0.0083
	0.200

	
	tempete
	CIF
	30 Hz
	-0.0195
	0.497
	0.0570
	-1.437

	
	bigships
	720p
	60 Hz
	 
	 
	 
	 

	
	city
	720p
	60 Hz
	 
	 
	 
	 

	
	crew
	720p
	60 Hz
	 
	 
	 
	 

	
	night
	720p
	60 Hz
	 
	 
	 
	 

	
	shuttlestart
	720p
	60 Hz
	 
	 
	 
	 


The impact on encoder speed is roughly linear in the number of added partition modes. Using 90 additional macroblock modes and 42 new submacroblock modes, the KTA encoder requires approximately 9 times the encoding time of the corresponding anchors.

We illustrated the process of eliminating the least popular modes (see also VCEG-AH25 [6]) with the results in the table below, where a number of sequences were re-encoded (using the Baseline Profile) with 50 instead of 90 modes enabled at the MB level, and 22 instead of 42 at the submacroblock level. It can be observed that most of the coding gain is attained but the required encoding time is now reduced to around 5 times the encoding time of the corresponding anchors.
	Sequence
	Format
	Frame Rate
	Full set
BD-PSNR (dB)
	Full set

BD-bit rate (%)
	Reduced set

BD-PSNR (dB)
	Reduced set

BD-bit rate (%)

	container
	QCIF
	15 Hz
	0.1608
	3.434
	0.1453
	3.204

	foreman
	QCIF
	15 Hz
	0.3442
	6.646
	0.3257
	6.298

	silent
	QCIF
	15 Hz
	0.2428
	4.291
	0.2059
	3.635

	paris
	CIF
	15 Hz
	0.2678
	4.673
	0.2502
	4.358

	foreman
	CIF
	30 Hz
	0.2124
	4.879
	0.1808
	4.165

	mobile
	CIF
	30 Hz
	0.2876
	5.330
	0.2626
	4.883

	tempete
	CIF
	30 Hz
	0.2472
	5.062
	0.2381
	4.877


4. Conclusions and future work

This proposal describes a reference software contribution for extended bipartitioning of macroblocks and submacroblocks, which complements the existing H.264 quadtree of inter coding partitions. Whereas the H.264 quadtree is based on the idea of using more and smaller partitions, drawn from a limited set of block shapes and sizes, this proposal focuses on introducing a higher diversity of partition shapes while keeping the number of macroblock/submacroblock partitions at 2 (“bipartitioning”).
The proposed software aims to be flexible in allowing experimentation with new partition shapes. Because the shape masks are generated programmatically at encoder and decoder side, it can serve as a basis to explore new shapes.
Due to the relatively low number of new modes introduced, it is feasible to use exhaustive rate-distortion optimized MB/sub-MB mode decision to choose the best mode, with acceptable computational complexity. Coding efficiency gains are around 2% – 6% and less for high definition material. Encoding times increase linearly with the number of new partition types to be evaluated. The extended partitioning scheme works well together with the other key H.264 inter coding tools.
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