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Abstract
The conception of CTB has been proposed. But the modes of the CTB on the frame boundary may be limited when the video resolution is not an integral multiple of the LCTB. Therefore, a method of CTB splitting on the frame boundary for arbitrary resolution video is proposed in this document, where the non-square CTB and a new representation of the CTB mode significantly contribute to the coding efficiency. The proposed method is well compatible to the current TmuC and no extra syntax is needed.
1 Introduction

At the April JCT-VC meeting, the conception of coding tree block (CTB) has been proposed [1] and employed into the TmuC. The CTB is defined as a square-shaped block of various sizes, for efficient and flexible representation of the video content. Two special terms are defined: the largest coding unit (LCTB) and the smallest coding unit (SCTB). The size of CTBs in a video frame is limited between the size of the LCTB and that of the SCTB.

In practice, the video resolution is usually not an integral multiple of the LCTB size. When this is the case, it is noticeable that the current CTB splitting method on the frame boundary in the TmuC is not efficient, where the CTBs are limited to a small size.


In this proposal, a new CTBs splitting method is proposed for CTBs on the frame boundary, when the video resolution is not equal to the integral multiple of the LCTB size. The new CTBs modes can be used to improve the coding efficiency.
2 Problem Statement
Consider an example where the LCTB size is 128x128 and the video resolution is 176x144. During coding, a frame should be initially divided into four LCTBs, which are identified as LCTB 0, LCTB 1, LCTB 2, LCTB 3, as shown in Fig. 1 (a). Because the video resolution is not equal to an integral multiple of the LCTB size, some pixels in LCTB 1, 2 and 3 exceed the frame boundary and are of no actual values. Take CTB splitting in LCTB 2 as an example. In the current TmuC, LCTB 2 can not be taken as a CTB, which should be split into four CTBs of 64x64, as shown in Fig. 1 (b). The splitting process will be recursive until all the pixels of a CTB are in the frame and the CTB size is no less than that of the SCTB. As the final result of CTB splitting, the CTB with size of 16x16 is obtained as Fig. 1 (c). Therefore, the size of the CTBs in LCTB 2 is limited between 16x16 and the SCTB size. Considering syntax and semantics, the LCTB, SCTB and the split_coding_unit_flag are all used to represent the CTBs on the frame boundary. The CTB mode of LCTB 2 as Fig. 1 (c) can be represented by split_coding_unit_flag bitstream as: 00000000 with LCTB size of 128x128 and SCTB size of 8x8.

Fig. 2 shows the CTB mode of a coded frame of the “Claire” sequence (QCIF) as obtained by the TmuC. It can be observed that there are a lot of small CTBs on the frame boundary, using the current splitting method. Obviously, this is not the optimal CTB splitting mode, due to the unnecessary cost of motion vectors and DCT for small CTBs on the frame boundary. On the other hand, the coding performance could be improved for inter prediction, if the CTB is of 128x16 size or 64x16 size at the frame boundary used as the motion estimation unit. 
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  (a)                      (b)                  (c)

Fig. 1 CTB splitting. (a) LCTBs, (b) The splitting of LCTB 2, (c) The recursive splitting of LCTB 2.
[image: image4.emf]         
Fig. 2 CTBs modes for “Claire”.
It is noticeable that padding can be employed for a frame when the video resolution is not an integral multiply of the LCTB. By using padding, the CTBs sizes on the frame boundary can be choose between LCTB and SCTB, and would not be influenced by the video resolution. However, padding may increase the coding bit rate since the padded area is to be coded but not shown at the receiver.

3 Method description
A CTB splitting method on the frame boundary is proposed for arbitrary resolution video. This proposed method introduces non-square CTB modes to extend the CTB candidate set on the frame boundary. That is, using the original splitting method, the modes of CTB in LCTB 2 in Fig. 1 are limited to between 16x16 and the SCTB size. The proposed method adds rectangular shapes of 128x16, 64x16 and 32x16 to the CTB candidate set, as shown in Fig. 3. Accordingly, the CTB size of 128x16 can be as a unit for motion estimation. The DCT is performed as usual, i.e. 16x16 based in this case.
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Fig. 3 The new CTB splitting. (a) LCTBs, (b) The CTB mode of 128x16, (c) The CTB mode of 64*16, (d) The CTB mode of 32x16.
The proposed splitting method for CTBs on the frame boundary is illustrated in detail as follows.

Assume that the video resolution is not an integral multiple of the LCTB size. The size of LCTB is LxL and the size of the block with actual pixel values on the frame boundary is of size MxN.
1) Determine the value of L1, where L1=2n with 
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. L1 is depended on the video resolution and the LCTB size.
2) Construct the splitting framework, as shown in Fig. 4.
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      Fig. 4. The splitting framework of a CTB    Fig. 5. CTB modes on the frame boundary
3) Add the block mode of MxN into the candidate set as one of CTB extension modes.
4) Split the block of L1xL1 into four equally sized sub-units. Simultaneously, the block of MxN may be divided. If yes, the new blocks with actual pixel values obtained by splitting the block of MxN are introduced as candidate CTB modes. This splitting process above is going on and a set of candidate CTB modes can be obtained finally. By this setting, new extension CTB modes are introduced when the width of the CTB is not equal to its height.
For syntax and semantics, we can follow the old fashion using the LCTB, the SCTB and the split flag to represent the new CTBs on the frame boundary. When the first split_coding_unit_flag is equal to 0, the current CTB is not split and its size is MxN. On the contrary, when the first split_coding_unit_flag is equal to 1, the current CTB should be split according to the proposed method. An example of the CTB modes on the frame boundary is shown in Fig. 5. Assuming that the LCTB is size of 128x128 and the SCTB is 8x8, the representation of the corresponding CTBs using the split flag is: 101010000.
It should be noticed that the proposed splitting method targeting the CTBs on the frame boundary is consistent with the original splitting method for non-boundary CTBs in the current TmuC. And the representation of split_coding_unit_flag can also be the same to the splitting of non-boundary CTBs in the current TmuC. Therefore, no extra syntax is needed for the proposed method.
4 Experimental results
The proposed method is integrated into TmuC 0.5 and is compared with the original TmuC 0.5. The Bjontegaard Delta method is used to evaluate the performance of the proposed method.
Table1. The proposed method compared with TmuC 0.5

	sequence
	BD bit-rate(%)
	PSNR(dB)

	Kimono1_1920x1080
	-0.12%
	0.004

	ParkScene_1920x1080_24
	-0.20%
	0.007

	BQTerrace_1920x1080
	-0.06%
	0.002

	Average
	-0.126%
	0.004

	BQMall_832x480_60
	-0.13%
	0.006

	BasketballDrill_832x480_50
	-0.21%
	0.009

	PartyScene_832x480_50
	-0.48%
	0.029

	Average
	-0.273%
	0.015

	vidyo4_720p_60
	-0.17%
	0.005

	vidyo1_720p_60
	-0.25%
	0.008

	vidyo3_720p_60
	-0.08%
	0.002

	Average
	-0.170%
	0.005

	BasketballPass_416x240_50
	-1.30%
	0.069

	BlowingBubbles_416x240_50
	-0.72%
	0.033

	RaceHorses_416x240_30
	-0.56%
	0.032

	Average
	-0. 862%
	0.044

	Total average
	-0.358%
	0.017



The experimental result shows that the proposed method can bring considerable improvement in coding efficiency. Compared with the original TmuC0.5, an average performance gain of bit rate of -0.358% and PSNR of 0.017 dB can be obtained.
5 Conclusion

CTB splitting on frame boundary for arbitrary resolution video is present in this document, which is employed to extend the splitting modes of CTBs on a frame boundary when video resolution is not an integral multiple of the LCTB size. The proposed method extends the CTB modes for arbitrary resolution video and improves the coding performance. Meanwhile, no extra syntax is needed for the proposed method.
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