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Abstract

In this contribution, a mode-dependent residual reordering (MDRR) method is proposed to further simplify the mode-dependent directional transform (MDDT) for Intra coding. In the proposed MDRR, between the prediction and transform stages, a certain kind of reordering is implemented on the residual samples for each mode in spatial. The reordering is manipulated in a way that the distribution statistics of reordered residual samples present less mode-dependent characteristic. After the reordering, the nine Intra modes in I4MB and I8MB modes will be assigned into three groups, and only one transform matrix is assigned for each group. With the proposed MDRR, the number of transform matrices in MDDT is reduced from original 18, 18 and 8 to the proposed 3, 3 and 3 for I4MB, I8MB and I16MB, respectively. Experimental results show that, under the testing condition specified in the AhG report on alternative transforms with all-Intra conditions, compared with MDDT, average BD rate increase of 0.1% and BD PSNR drop of -0.005dB is observed.

1 Problem Statement
For Intra coding, due to the mode-dependent distribution characteristics of residual samples, mode-dependent transforms are proposed in MDDT, and superior coding performance over conventional DCT is achieved [1]. Furthermore, a novel rate-distortion optimized transform (RDOT) which employs multiple candidate transform matrices for each Intra mode has also been proposed [2] to collaboratively work with MDDT, and further improvements on the coding performance is achieved.
Although both MDDT and RDOT further refine the transform for Intra prediction residuals by applying more transform functions, the complexity is also increased. In MDDT, non-orthogonal column and row transform matrices are employed, and total 18, 18 and 8 transform matrices are needed for I4MB, I8MB and I16MB, respectively. To simplify MDDT, an orthogonal MDDT (OMDDT) [3] method is proposed by applying orthogonal column and row transforms. With OMDDT, the number of candidate transform matrices is halved, and the matrix multiplication in transform can be reused.
To further reduce the number of transform matrices, in this contribution, a mode-dependent residual reordering method is proposed.
2 Proposed method
To illustrate the idea of MDRR, comparisons of original MDDT and simplified MDDT using MDRR is shown in Fig. 1 and 2, respectively. As it is shown, for mode 0, 1 and 7 in I4MB and I8MB, the original MDDT employs 3 different pairs of transform matrices. However, in the simplified MDDT using proposed MDRR, the residuals are reordered prior to transform, and only one pair of orthogonal column and row transform matrix is used to these modes.
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The residual reordering methods for different modes of I4MB are also shown in Fig. 3. For the case of I8MB, the reordering methods are similar. 
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Furthermore, after the residual reordering, the nine modes are classified into three groups indicated in Table 1. For each group of prediction modes, a single transform matrix is used. 
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	Group 1
	Group 2
	Group 3

	I4MB modes (0~8)
	0, 1, 3, 7, 8
	4, 5, 6
	2(DC)

	I8MB modes (0~8)
	0, 1, 3, 7, 8
	4, 5, 6
	2(DC)

	I16MB modes (0~3)
	0, 1
	3
	2(DC)


3 Simulation results
The proposed MDDR has been incorporated into jm11.0kta2.6r1. The testing condition specified in the AhG report on alternative transforms with all-Intra conditions is used for running the simulation. Table 2 below shows BD-PSNR and BD-Rate [4] compared to jm11.0kta2.6r1 with MDDT off. Table 3 shows a comparison of the total number of transform matrices in MDDT and proposed MDRR.
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	Sequence
	Original MDDT
	Simplified MDDT using proposed MDRR

	
	BD-PSNR
	BD-Rate
	BD-PSNR
	BD-Rate

	BasketballPass_p416x240_50fps
	0.240
	-4.538
	0.227
	-4.313

	BQSquare_p416x240_60fps
	0.348
	-4.264
	0.365
	-4.469

	BlowingBubbles_p416x240_50fps
	0.211
	-3.985
	0.220
	-4.152

	RaceHorses_p416x240_30fps
	0.231
	-4.088
	0.218
	-3.883

	BasketballDrill_p832x480_50fps
	0.237
	-5.215
	0.226
	-4.976

	BQMall_p832x480_60fps
	0.349
	-5.918
	0.362
	-6.137

	PartyScene_p832x480_50fps
	0.267
	-3.933
	0.274
	-4.027

	RaceHorses_p832x480_30fps
	0.186
	-3.016
	0.188
	-3.052

	vidyo1_p1280x720_60fp
	0.438
	-7.675
	0.381
	-6.735

	vidyo3_p1280x720_60fps
	0.528
	-8.239
	0.528
	-8.231

	vidyo4_p1280x720_60fps
	0.359
	-7.209
	0.338
	-6.804

	ParkScene_p1920x1080_24fps
	0.204
	-4.661
	0.200
	-4.576

	Kimono1_p1920x1080_24fps
	0.277
	-6.742
	0.267
	-6.500

	Cactus_p1920x1080_50fps
	0.221
	-5.409
	0.213
	-5.217

	BasketballDrive_p1920x1080_50fps
	0.241
	-7.689
	0.255
	-8.128

	BQTerrace_p1920x1080_60fps
	0.357
	-6.890
	0.345
	-6.671

	Average
	0.293
	-5.592
	0.288
	-5.492

	Best Case
	0.528
	-8.24
	0.528
	-8.23

	Worst Case
	0.186
	-3.02
	0.188
	-3.05
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	Original MDDT
	Simplified MDDT with MDRR

	I4MB modes (0~8)
	18
	3

	I8MB modes (0~8)
	18
	3

	I16MB modes (0~3)
	8
	3
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Figure 3 Residual reordering methods for different modes of I4MB in MDRR








Figure 1 Transform scheme for mode 0, 1, 7 of I4/8MB in MDDT








Figure 2 Transform scheme for mode 0, 1, 7 of I4/8MB in simplified MDDT using MDRR








Table 1 Prediction modes grouping in different Intra modes








Table 3 Comparison on the number of transform matrices used in original MDDT and simplified MDDT with proposed MDRR








Table 2 Coding gain of original MDDT and simplified MDDT using proposed MDRR compared to jm11.0kta2.6r1 with MDDT disabled
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