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Abstract
In this contribution, video coding using motion partitions larger than 16x16 is implemented. In particular, partition sizes of 32x32, 32x16, and 16x32 are used in addition to the partition sizes already allowed in H.264. Larger block transforms are also used. Under VCEG common testing conditions, the proposed scheme achieves 12.4% bit rate reduction on average for the HD test sequences for hierarchical B coding. 
The Proposed Solution

It has been demonstrated that video coding using blocks bigger than 16x16 can provide substantial coding gain compared to H.264, especially when applied on high definition video sequences [2]. In this contribution, we propose a coding system that encodes the input video using bigger than 16x16 blocks as follows: 
1. New motion partitions (32x32, 32x16, and 16x32) are used.

In addition to the existing motion partition sizes (16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4) in H.264, inter coding using 32x32, 32x16, and 16x32 partitions is also enabled. Figure 1 shows all the motion block partitions allowed in the proposed scheme. Consider each 32x32 block as a “super macroblock” or SMB. Input video is coded in units of SMBs. For each SMB, smb_skip_flag signals the SKIP or DIRECT mode in the same way as in H.264. In addition, four values of smb_type are signaled with the following meanings: 

0: 32x32 partition

1: 32x16 partition

2: 16x32 partition

3: 16x16 partition

The smb_type of an SMB is signaled in the same way as the mb_type of a macroblock; in other words, all the CABAC contexts and context initialization remain the same. If smb_type is between 0 and 2 (i.e., bigger than 16x16 partition is used), then one motion vector per prediction list is signaled for each partition. If smb_type is between 0 and 2, or if the SMB has DIRECT mode, residual coefficients are signaled for each 16x16 MB in the SMB in raster scan order, re-using the same syntax elements as in residual_block() in H.264 (except when bigger transforms are used as described in 2). 

If the mb_type of an SMB is 3 (i.e., 16x16 partition is used), then the four 16x16 macroblocks in the SMB are signaled in raster scan order using the same syntax elements as macroblock_layer() in H.264. In other words, each 16x16 macroblock may be partitioned further in the quadtree manner, from size 16x16 down to size 4x4. Also the signaling of cbp and transform coefficients remain the same as in H.264 (except for bigger block transforms as described in 2).
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Figure 1: Motion partitions used in the proposed scheme

2. New block transforms with larger basis functions are used.

Bigger transforms allow to better capture the usually smoother content in high definition video. For inter coded macroblocks, 16x16, 16x8, and 8x16 transforms are used in addition to 4x4 and 8x8 integer transforms. For each motion partition of size MxN, where M, N <= 16, MxN transform is used. For bigger motion partitions, 16x16 transform is used. For intra coded macroblocks, MDDT [3] is used. The bigger block transform coefficients are sent with minimal changes to the significance, last significance, and magnitude coding in CABAC. 

Simulation Results
The proposed scheme is implemented in KTA2.0 and tested under the VCEG common testing conditions [1]. The configuration UseRDO_Q is set to 1 but macroblock level delta QP is disabled due to software constraint. Tables 1 shows the percentages of BD rate reduction for all HD test sequences. For IPPP coding, average rate reduction of 6.5% is achieved; for IBBP coding, average rate reduction of 10.4% is achieved; and for hierarchical B coding, average rate reduction of 12.4% is achieved. The proposed scheme becomes more effective as the video resolution increases. For the 1080p sequence “rolling_tomatoes”, the proposed scheme achieves up to 21% rate reduction. 
Table 1: Simulation results using the proposed scheme
	
	　
	IPPP
	IBBP
	Hier B

	HD
	bigships
	-9.1
	-6.72
	-7.08

	
	city
	-6.1
	-10.8
	-14.88

	
	crew
	-7.37
	-10.99
	-12.59

	
	night
	-1.11
	-4.54
	-5.48

	
	shuttlestart
	-6.26
	-11.42
	-13.42

	
	rolling tomatoes
	-9.2
	-18.19
	-20.71

	Average
	-6.52
	-10.44
	-12.36
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