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Abstract

This contribution is related to core experiment 2: Motion Partitioning and OBMC. In the contribution, Non-Square Quadtree Transform is proposed to be used when partition type is 2NxN and Nx2N. The average bitrate saving of this technique is 0.2% for RA_HE, 0.4% for RA_LC, 0.9% for LD_B_HE, 1.6% for LD_B_LC, 0.9% for LD_P_HE and 1.5% for LD_P_LC. Both encoding and decoding time are almost same as HM3.0.
1 Introduction 

At current HEVC standard, residual quad transform (RQT) is used at block residual transform. A transform block can be split recursive. When a transform block cross the boundary of motion block, high frequency coefficients are generated which will impose negative influence on coding performance. 
To solve the problem mentioned above, implicit TU split method has proposed at [1], and has been adopted to HEVC working draft. At [1], RQT root location in inter mode is tied to PU partition type when max_transform_hierarchy_depth_inter is equal to 0. Besides the implicit TU method, non-square TU has proposed at [2]. At [2], 2Nx0.5N or 0.5Nx2N TU is used at motion partitions when PU partition type is asymmetric partition.
Considering PU partition type can reflect local region's texture property, non-square TU can also be used at symmetric motion partitions. The size of a transform unit is tied to PU partition type.

Base on the method described at [2] and task of CE2 [3], this contribution reports the coding results of Non-Square Quadtree Transform (NSQT), which is the combination of non-square TU with RQT structure. The performance of NSQT used at implicit TU method is also reported at this contribution.
2 Non-Square Quadtree Transform (NSQT)

AT NSQT’s design, 2Nx2N transform is still used at RQT’s first level, which is based on the consideration that 2Nx2N transform can get better result when residual inside a coding unit is small. What's more, use 2Nx2N TU at RQT's first level can also save signaling bits that could help to improve coding efficiency.
At RQT's second and third level, non-square TU is used when the PU partition type is 2NxN or Nx2N. Let's define 2M = 1 << log2TrafoSize. Then, for the case of 2NxN PU type, TU size at RQT's second and third level will be 2Mx0.5M; for the case of Nx2N PU type, TU size at RQT's second and third level will be 0.5Mx2M. For 2Nx2N and NxN PU types, square TU with the size of 2Mx2M or MxM is used. 
According to the methodology described above, at RQT’s second level, a block is divided into four non-square TU along with vertical direction if PU partition type is 2NxN, or four non-square TU along with horizontal direction if PU partition type is Nx2N. At RQT’s third level, a block is divided into four non-square TU along with horizontal and vertical direction. This method preserves the residual quadtree structure, and coding performance can be improved. Figure 1a and 1b illustrate this implementation scheme.
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          Figure1a: Illustration of TU split at RQT's second and third level (2NxN PU type)

        [image: image2.jpg]NxaN

N

Py




        Figure1b: Illustration of TU split at RQT's second and third level (Nx2N PU type)
At current NSQT design, no new core transform is introduced. The core transform of 2Nx0.5N and 0.5Nx2N can be reused by 0.5Nx0.5N and 2Nx2N core transform. In general, a NxM block is transformed by the following steps as described in [4].

                            CMxN = TM x BNxM x TNT
where BNxM denotes a block with N pixels M rows. TN and TM are the transform matrices of size NxN and MxM, respectively. CNxM denotes the transformed NxM block.
According to the above analysis, 2Nx0.5N core transform can be achieved as follow:

                            C2Nx0.5N = T0.5N x B2Nx0.5N x T2NT
0.5Nx2N core transform can be achieved as follow:

                          C0.5Nx2N = Tm x B0.5Nx2N x T0.5NT
Non additional quantization table is added to current implementation. Based on the principle of this design, non-square TU is used at 32x16, 16x32, 16x8, 8x16, 8x4 and 4x8 partition at luma and chroma component
3 Experimental results
The proposed method is implemented on HM3.0_rev.823 software. The coding efficiency is evaluated in RA_HE, RA_LC, LD_B_HE, LD_B_LC, LD_P_HE and LD_P_LC configurations based on the common conditions defined in JCTVC-700 [5]. The coding efficiency is measured by using BD-Rate. The experimental results are shown in Table 1.
                Table 1: NSQT for 2NxN and Nx2N symmetric partitions

	　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.2 
	-0.6 
	-0.5 
	-0.2 
	-0.5 
	-0.3 

	Class B
	-0.2 
	-1.4 
	-1.1 
	-0.5 
	-1.2 
	-0.9 

	Class C
	-0.2 
	-0.5 
	-0.5 
	-0.4 
	-0.6 
	-0.5 

	Class D
	-0.2 
	-0.5 
	-0.4 
	-0.4 
	-0.2 
	-0.1 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	-0.2 
	-0.8 
	-0.7 
	-0.4 
	-0.7 
	-0.5 

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.7 
	-3.5 
	-3.1 
	-1.3 
	-3.0 
	-2.9 

	Class C
	-0.7 
	-2.0 
	-2.0 
	-1.2 
	-1.6 
	-1.5 

	Class D
	-0.8 
	-1.8 
	-1.5 
	-1.2 
	-1.1 
	-0.7 

	Class E
	-1.4 
	-2.5 
	-3.0 
	-2.8 
	-2.3 
	-2.9 

	Overall
	-0.9 
	-2.5 
	-2.4 
	-1.6 
	-2.0 
	-2.0 

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	

	　
	Low delay P HE
	Low delay P LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.6 
	-3.8 
	-3.7 
	-1.1 
	-2.3 
	-2.0 

	Class C
	-0.8 
	-2.3 
	-2.3 
	-1.2 
	-1.5 
	-1.2 

	Class D
	-0.9 
	-2.1 
	-1.6 
	-1.3 
	-0.9 
	-0.3 

	Class E
	-1.6 
	-2.8 
	-3.9 
	-2.7 
	-2.1 
	-2.7 

	Overall
	-0.9 
	-2.8 
	-2.9 
	-1.5 
	-1.8 
	-1.5 

	Enc Time[%]
	102%
	103%

	Dec Time[%]
	99%
	101%


To evaluate the efficiency of the combination of NSQT + implicit TU, an additional test with QuadtreeTUMaxDepthInter set to 1 at configuration file is tested. Besides the setting of QuadtreeTUMaxDepthInter, other configuration setting is same as JCTVC-E700. Considering implicit TU method has been integrated at HM3.1, the proposed method (NSQT + implicit TU) is evaluated at HM3.1 platform. The experimental results are shown in Table 2.
                               Table 2: NSQT + implicit TU

	　
	　
	Random access
	　
	　
	Random access LoCo
	　

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	-0.2 
	-0.3 
	0.0 
	-0.7 
	-0.5 

	Class B
	-0.1 
	-1.2 
	-1.1 
	-0.2 
	-1.5 
	-1.2 

	Class C
	0.0 
	-0.7 
	-0.4 
	-0.1 
	-0.9 
	-0.5 

	Class D
	0.2 
	-0.5 
	-0.1 
	0.2 
	-0.5 
	-0.3 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.0 
	-0.7 
	-0.5 
	-0.1 
	-0.9 
	-0.7 

	Enc Time[%]
	102%
	101%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	

	　
	Low delay
	Low delay LoCo

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.4 
	-3.2 
	-3.3 
	-1.1 
	-3.7 
	-3.3 

	Class C
	-0.4 
	-2.3 
	-2.1 
	-0.7 
	-2.2 
	-1.9 

	Class D
	-0.3 
	-1.8 
	-1.3 
	-0.5 
	-1.4 
	-1.1 

	Class E
	-1.4 
	-1.7 
	-2.1 
	-2.5 
	-3.3 
	-3.3 

	All
	-0.6 
	-2.3 
	-2.3 
	-1.1 
	-2.7 
	-2.4 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	100%
	101%


4 Modification of working draft

The details of working draft modification can be found at the appendix: JCTVC-F410_change_for_wd.doc.
5 Conclusion
In this contribution, Non-Square Quadtree Transform is proposed. Compare to HM3.0 anchor, The average bitrate saving of this technique is 0.2% for RA_HE, 0.4% for LD_HE, 0.9% for LD_HE and 1.6% for LD_LOCO. No additional encoder and decoder complexity are introduced. It is recommended to incorporate Non-Square Quadtree Transform into HM.
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