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Abstract

At 1st JCT-VC meeting, TE3 has been established to investigate the potential improvement on inter-frame coding. This contribution reports the investigation and refinement on the following three inter-coding areas: 

(1). New representation method for block with two segments.

(2). Coding of block partitioning parameters.
(3). Improved motion vector prediction for non-AVC block partitioning.
Those preliminary research works show that the compression capability of flexible motion partitioning can be further improved.

1 Introduction

In natural images, object’s boundary or contour usually divides a block into 2 regions with arbitrary shape. Conventional quad-tree structured representation of motion partitioning can not deal with this situation efficiently. To solve the problem, the concept of flexible motion partitioning has been introduced in the past few years [1 ~ 5]. It has show satisfied coding gain for inter-frame coding, especially in the blocks that contain different object’s content.
In the following sections, the new block representation method, coding of partitioning parameters and modification and refinement of motion vector prediction mechanism will be discussed.
2 Representation method for block with flexible motion partitioning
Different to traditional motion partition modes specified in MPEG4-AVC/H.264, flexible motion partitioning introduces more flexible segmentation mechanism. A block can be divided into two asymmetric rectangles, or two triangles, or a triangle and a pentagon, or two non-rectangular quadrangles. In order to represent those diverse partitioning, two parameters are used to indicate the shape of two segments in a block.
The general idea of this representation is to use two parameters to indicate the position of points of intersection between the boundary of two segments and the boundary of the block. As illustrated at Figure A, the boundary between two segments is controlled by the point A and B. Move the position of point A and B, the partitioning of the block can be changed. At the decoder side, after parsing the value of two position parameters, the block partitioning can get.
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                                    Figure 1

In order to code the two position parameters efficiently, the quad-tree structure used in MPEG4-AVC/H.264 is used to identify the block partitioning. Meanwhile, the value of one point's position is used to code another point's position.
To code position parameters efficiently as well as control block partitioning flexibly, we design the following representation method.
In MPEG4/AVC, quad-tree design is used. In the case of flexible block partitioning, quad-tree design is extended. AVC mb_type P_L0_16x16, P_L0_L0_16x8 and P_L0_L0_8x16 are used to indicate the partitioning method. 
If vertical / horizontal partitioning is used at the current macroblock, mb_type P_L0_L0_16x8 / P_L0_L0_8x16 is coded. In these cases, a parameter, which follows mb_type and is called ‘pos’, is coded and used to indicate the size of two rectangles. If the value of pos is 0, traditional AVC partitioning is used (16x8 / 8x16). Otherwise, the macroblock is divided into two asymmetric rectangles. Fig. 2(a) and 2(b) illustrate the coding procedures.
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             Fig. 2(a)                                Fig. 2(b)
If a macroblock is divided into two arbitrary polygons, a parameter, which is call ‘direction_flag’ is coded and used to indicate the partitioning direction, left-down to right-up partitioning or left-up to right-down partitioning. Then, two position parameters are coded. As we can see from Fig. 1, the block partitioning is control by the position of point A and B. The points A, B and a terminal point of the macroblock, which is defined as O, form a triangle. The parameter pos is used to indicate the position of pint A, which means the length of the triangle’s edge AO can be indicated. pos is defined as position parameter in the following text. A parameter scale_factor is used to indicate the multiple between the edge BO and AO. If the value of scale_factor is 0, the lengths of BO and AO are same. If the value of scale_factor is 1, the length of BO is two times as the other triangle’s edge. If the value of scale_factor is -1, the length of BO is half as the other triangle’s edge. These three cases, scale_factor = 0, 1, -1, are illustrated at Fig. 3(a) ~ (c) respectively.
As we discussed above, scale_factor = 0 means 45 degree partitioning, and scale_factor = 1/-1 menas 22.5 degree and 66.5 degree partitioning. Following the above instruction, if scale_factor = 2/-2, the flexible partitioning can be extended to 11.25 / 78.75 degree partitioning.
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                     Fig. 3(a)                                   Fig. 3(b)
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            Fig. 3(c)
3 Coding of block partitioning parameters

As discussed in Section 2, the block partitioning can be represented by the position parameters. Considering the connectivity property of image texture, same or similar block partitioning would be used at some specific areas in an image. Therefore, information of neighboring blocks could be used to predict current block's position parameters and save the coding bits.
As illustrated at Fig. 4, blockE is the current macroblock; blockA, blockB are the neighboring blocks of blockE. The position parameters of blockA (left block) and blockB (up block) are used to form the blockE's predictive position parameter. Base on our investigation and experiment, the following predictive mechanism shows good performance for predicting position parameter.
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                 Figure 4 An image block and its neighbor blocks
Firstly, classify the block partitioning into four partitioning modes:

  Mode0 : Vertical partitioning;

  Mode1: Horizontal partitioning

  Mode2: Left-up to right-down partitioning, including +66.5, +45 and +22.5 degree partitioning

  Mode3: Right-up to left-down partitioning, including -66.5, -45 and -22.5 degree partitioning
Define ModeA, ModeB and ModeE as the partitioning mode of blockA, blockB and blockE. 

Define posA, posB and posE as the position parameter of blockA, blockB and blockE.

Set parameters ConditionA, ConditionB
The following is the procedure for deriving blockE's predictive position parameter.
If block A satisfy one of the following conditions, set ConditionA to 0:

· Block A is not available;

· Block A's partitioning mode isn’t same as current block’s.

· If block A's partitioning mode is same as blockE’s, set ConditionA to 1.
If block B satisfy one of the following conditions, set ConditionB to 0:

· Block B is not available;

· Block B s partitioning isn’t same as current block’s.

· If block B's partitioning is same as current block’s, set ConditionB to 1.
Get PposE as follow:

· If ConditionA == 1 and ConditionB == 0, set PposE = posA;, else

· If ConditionA == 0 and ConditionB == 1, set PposE = posB, else

· If ConditionA == 1 and ConditionB == 1, set PposE = Min (posA, posB);

· Else, set PposE = 0.

After get the predictive value (PposE), the difference between the current block's position parameter and predictive value can be got, and coded.
The above procedure shows simplified and efficient property for coding the partitioning parameters.
4 Improved motion vector prediction for non-AVC MB partitioning
Base on the same strategy mentioned at Section 3, the motion vector prediction method can be refined under consideration of neighboring macroblocks' partitioning mode. In some scenario, a series of block with particular shape always indicate boundary information or texture information. The accuracy of predictive motion vector can be further improved by using partitioning information of neighboring blocks and current blocks.
The general idea of this enhanced motion vector prediction mechanism is to find the neighboring blocks, which belong to the same object 
In the case of horizontal partitioning used at current macroblock, the left and up macroblock is used to get current block’s predictive motion vector. If the left marcoblock uses horizontal partitioning, motion vector prediction procedure is illustrated at Fig. 5(a); otherwise, if the up marcoblock uses horizontal partitioning, the prediction procedure is illustrated at Fig. 5(b).
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               Fig. 5(a)                                   Fig. 5(b)
In the case vertical partitioning used at current macroblock, the left and up macroblock is used to get current block’s predictive motion vector. If the up macroblock uses vertical portioning, motion vector prediction procedure is illustrated at Fig. 6(a); otherwise, if the left marcoblock uses horizontal partitioning, the prediction procedure is illustrated at Fig. 6(b).
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              Fig. 6(a)                                    Fig. 6(b)
In the case of down-right to up-left partitioning used at current macroblock, the left, up and up-right macroblock is used to get current block’s predictive motion vector. If anyone of those three macroblock has same partitioning mode as the current macroblock, this macroblock’s motion vectors are used to form predictive motion vector. The procedure is illustrated at Fig. 7.
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                         Fig. 7
In the case of down-left to up-right partitioning used at current macroblock, the left, up and up-left macroblock is used to get current block’s predictive motion vector. If anyone of those three macroblock has same partitioning mode as the current macroblock, this macroblock’s motion vectors are used to form predictive motion vector. The procedure is illustrated at Fig. 8.
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             Fig. 8
If the above conditions can’t be satisfied, median motion vector prediction is used.
5 Compression performance discussion
The proposed modification and improvement of flexible motion representation was implemented in KTA2.6_r1. 
In the simulation, for horizontal / vertical partitioning case, the partitioning with the pos value +/-2, +/-4, +/-6 are tested. Totally, 12 partitioning modes are tested for horizontal and vertical flexible partitioning. For arbitrary partitioning case, the partitioning with the pos value 0 +/-4, +/-8 and +/-12 are tested. Meanwhile, the left-up to right-down and left-down to right-up partitioning, and the partitioning with the scale_factor value 0, 1, -1 are also tested. Totally, 42 partitioning modes are tested.
	Class B, C, and D test sequences for constraint set 2 condition [10] are chose for simulation. The following KTA tools are turned on: MDDT; QALF; HPF. The results are presented in Tables 1.

　
	low-bitrate range
	high-bitrate range

	sequence
	BD-bitrate
	BD-bitrate

	BasketballPass_416x240_50
	-2.56%
	-4.05%

	BlowingBubbles_416x240_50
	-2.23%
	-1.99%

	BQSquare_416x240_60
	-5.04%
	-4.97%

	RaceHorses_416x240_30
	-3.98%
	-4.93%

	Average Class D
	-3.45%
	-3.99%


	BasketballDrill_832x480_50
	-4.63%
	-4.82%

	BQMall_832x480_60
	-6.16%
	-6.39%

	PartyScene_832x480_50
	-4.07%
	-3.65%

	RaceHorses_832x480_30
	-5.85%
	-7.00%

	Average Class C
	-5.18%
	-5.47%

	BasketballDrive_1920x1080_50
	-2.52%
	-3.29%

	BQTerrace_1920x1080_60
	-1.18%
	-1.47%

	Cactus_1920x1080_50
	-2.54%
	-2.33%

	Kimono1_1920x1080_24
	-1.34%
	-1.60%

	ParkScene_1920x1080_24
	-0.93%
	-0.95%

	Average Class B
	-1.7%
	-1.93%

	Average
	-3.48%


6 Closing remarks
Flexible motion partitioning has show satisfied compression capability. Our preliminary research preliminary research works reveal that the compression capability of flexible motion partitioning can be further improved. We suggest continuing TE/CE to explore the potential improvement on inter-frame coding.
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