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Abstract

One of the application areas of the HEVC is the UHD (ultra high definition) video coding, in which the picture size can go up to 8K x 4K (7680 x 4320). The large search range required for the UHD video coding pose great challenge for the chip design in terms of on-chip memory size and memory bandwidth. In this contribution, it is proposed to enable sub-picture based raster scanning order in the HEVC to facilitate the cost-effective UHD video designs. 
1 Introduction 
One of the application areas of the HEVC is the UHD (ultra high definition) video coding, in which the picture size can go up to 8K x 4K (7680 x 4320). The big picture size poses great challenge for the chip design to devise cost-effective video solutions, due to the fact that the UHD requires ever bigger search range in the motion estimation to provide the intended coding efficiency of the new standard, while on-chip memory for buffering the reference blocks for the motion estimation and compensation is the most expensive part of the chip, hence the limiting factor for the cost-effective video solutions.
2 Motion estimation with growing window
Another bottleneck for the HD video design is the memory bandwidth. In the HD video designs, the growing search window is commonly used to minimize the memory bandwidth (data traffic between on-chip and off-chip) required for loading the reference data for the motion estimation and motion compensation. Figure 1 illustrates how the growing widow works. Both the reference picture and current picture can be divided into a set of non-overlapped macroblock (MB) rows (in this particular example, the picture has 8 MB rows), each MB row is made up of a same amount of MBs determined by the horizontal picture size and macroblock size. In the growing window fashion, the horizontal reference block size is equal to the horizontal picture size, the vertical size of the reference block depends on the on-chip memory size available for the motion estimation and compensation. In the example shown in Figure 1, the growing window size (reference block size) has three MB rows,; for the growing window used for the MBs of the 2nd MB row in the current picture, row 1 and 2 are re-used from the previous growing window (growing window for MB row 1 of the current picture), only row 3 of the reference data is loaded from the off-chip memory; Likewise, for the growing window used for the MBs of the 3rd MB row in the current picture, only row 4 of reference data is loaded from the off-chip memory, row 2 and 3 of reference data are re-used from the previous growing window; and so on so forth. Therefore, with the growing window search strategy, only one MB row of reference data needs to be loaded when the coding of the current picture is moving from the one MB row to the next row.
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 Figure 1: Motion Estimation with growing search window
For search range 
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, the on-chip memory size required by the growing window can be computed by using the equation below
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Where N x N is MB size, picWidth is the horizontal size of the picture.

For 8K x 4K (7680 x 4320) video, if the search range is 256 x 256, and MB size is 64 x 64, the on-chip memory size for the growing widow will be 4,423,680 bytes (over 4.4 Mbytes). This is very expensive for the chip design. Therefore, it is desirable for this standard to enable big enough search range for the UHD coding while still keeping the on-chip memory size requirements in check.
3 Sub-picture based raster scanning coding order
In order to reduce the on-chip memory requirements without impacting the coding efficiency, we propose to extend the traditional picture-based rater-scanning order coding (see Figure 2 (a)) to sub-picture based raster scanning order coding (see Figure 2 (b), (c) and (d) in the HEVC. How a picture is divided into sub-pictures can be signaled in the high-level syntax such as in the sequence parameter sets. While macroblocks (in HEVC the corresponding terminology is LCU) inside a sub-picture follow the rater-scanning order, the sub-pictures of a picture also follow the raster scanning coding order, i.e. from left to right, from top to bottom. The coding of the sub-pictures does not need to be independent, it depends on the slice partitioning within the picture. Note that Figure 2 only shows examples of sub-picture partitioning. Other patterns of sub-picture partitioning are also possible. It is recommended that sub-pictures be divided along the LCU boundary.   
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Figure 2: Sub-picture partitioning. (a) non sub-picture partitioning, (b) a picture is partitioned into two sub-pictures, (c) a picture is partitioned into three sub-pictures, (d)  a picture is partitioned into four sub-pictures
It should be pointed out, the sub-pictures on the vertical picture boundary in Figure 2 and rest of sub pictures (inside the picture) will have different horizontal size in order to keep the exact the same search ranges for all the sub-pictures under the same growing window memory size. This is the consequence of the fact, that for the sub-pictures on the vertical picture boundary, the search window only needs to overlap with the neighboring sub-picture by srX pixels to the right or to the left direction, while for the sub-pictures inside the picture, the search window has to overlap with the neighboring sub-pictures by a total of 2*srX picture (srX pixels to the right and left). Therefore, in an optimal partitioning of sub-pictures, the horizontal size of sub-pictures on the vertical picture boundary will be larger than the rest of sub-pictures by srX pixels.      

If we treat (a) as the special case of the sub-picture partitioning, for search range 
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, the on-chip memory size required by the growing window in the sub-picture coding mode can be computed as
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Where K is the number of sub-pictures.

Because of the search window overlapping in horizontal direction, the on-chip memory size saving causes the memory bandwidth increase relative to the growing window on undivided picture. The memory bandwidth increase (%) can be calculated by
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Table 1 list the growing window memory size and memory bandwidth increase (%) for different number of sub-pictures. As shown in Table 1, even if the picture is divided into two sub-pictures, the on-chip memory requirement for the growing window almost goes down by half, which is significant cost saving for the chip design. The memory size reduction leads to the memory bandwidth increase due to search window overlapping in the horizontal direction. It is up to users to make right trade-off between the search range and number of sub-pictures for the given budget of on-chip memory size and memory bandwidth.  
	srX
	srY
	N
	K
	picWidth
	memSize (bytes)
	On-chip memory size reduction (%) 
	Memory bandwidth increase (%)

	256
	256
	64
	1
	7680
	4423680
	0
	0

	256
	256
	64
	2
	7680
	2359296
	-46.67
	6.67

	256
	256
	64
	3
	7680
	1671168
	-62.22
	13.33

	256
	256
	64
	4
	7680
	1327104
	-70.00
	20.00

	256
	256
	64
	5
	7680
	1120666
	-74.66
	26.67

	256
	256
	64
	6
	7680
	983040
	-77.78
	33.33


Table  1: Growing window memory size and memory bandwidth increase for different number of sub-pictures
4 Discussions and future work

The MPEG4 AVC/H.264 FMO can already support the proposed sub-picture raster scanning coding order, but in FMO the sub-pictures will have to belong to different slices. The proposed coding order does not force the sub-pictures to be divided into different slices, thus minimizes the potential coding efficiency loss. 
The actual coding efficiency impact will be investigated.
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