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Abstract

A simplification of Mode-Dependent Directional Transform (MDDT) was previously proposed in JCTVC-B024 that requires only two transform matrices: a DCT and a derived KLT. However, the choice of transforms in JCTVC-B024 was only specified for the 9 intra prediction modes present in H.264/AVC. In this proposal, a choice of transforms is presented for the 34 intra prediction modes possible in the unified intra prediction in TMuC. As in the earlier proposal, only 2 transform matrices are necessary, and no training is required.

1 Introduction

In MDDT, separable transforms are used to approximate an ideal non-separable directional transform [1]. Specifically, if X is an N x N block of pixels, then its 2D transform coefficients are given by:
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The subscript m in Cm and Rm denotes the dependence of the column and row transforms on the prediction mode. Note that in H.264, Cm = Rm = M, where M is an integer Discrete Cosine Transform (DCT) transform matrix. In the Mode-Dependent Directional Transform (MDDT) scheme, Karhunen-Loève Transforms (KLT) are used for Cm and Rm and are computed by performing SVD on residual blocks of prediction mode m collected from training video sequences.

In an earlier proposal, we derived using an image correlation model what the KLT should be for various intra prediction mode [2]. In particular, for vertical intra prediction, we found that the row transform should just be the DCT, and the KLT for the vertical transform is found to be:
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We also proposed a set of choices of transforms for each intra prediction mode in H.264/AVC. Table 1 summarizes these choices.

Table 1. Choice of KLT/DCT for each intra prediction mode in H.264/AVC

	Mode
	Column Transform
	Row Transform

	0
	KLT
	DCT

	1
	DCT
	KLT

	2
	DCT
	DCT

	3
	KLT
	DCT

	4
	KLT
	KLT

	5
	KLT
	KLT

	6
	KLT
	KLT

	7
	KLT
	DCT

	8
	DCT
	KLT


2 Choice of transforms for Unified Intra Prediction

The Unified Intra Prediction scheme was adopted into TMuC [3]. This proposal replaces the previous combination of Angular Intra prediction and Arbitrary Directional Intra. The new intra prediction modes, compared to that in H.264/AVC, allow for directional prediction at finer granularity.

Our analysis indicates the following choice of transforms (Table 2):

Table 2. Choice of KLT/DCT for each intra prediction mode in Unified Intra Prediction (TMuC)

	“Logical” Mode
	Mode Mnemonics
	Column Transform
	Row Transform

	0
	Vert
	KLT
	DCT

	1
	Horz
	DCT
	KLT

	2
	DC
	DCT
	DCT

	3
	Vert-8
	KLT
	KLT

	4
	Vert-4
	KLT
	KLT

	5
	Vert+4
	KLT
	DCT

	6
	Vert+8
	KLT
	DCT

	7
	Horz-4
	KLT
	KLT

	8
	Horz+4
	DCT
	KLT

	9
	Horz+8
	DCT
	KLT

	10
	Vert-6
	KLT
	KLT

	11
	Vert-2
	KLT
	KLT

	12
	Vert+1
	KLT
	DCT

	13
	Vert+6
	KLT
	DCT

	14
	Horz-6
	KLT
	KLT

	15
	Horz-2
	KLT
	KLT

	16
	Horz+2
	DCT
	KLT

	17
	Horz+6
	DCT
	KLT

	18
	Vert-7
	KLT
	KLT

	19
	Vert-5
	KLT
	KLT

	20
	Vert-3
	KLT
	KLT

	21
	Vert-1
	KLT
	KLT

	22
	Vert+1
	KLT
	DCT

	23
	Vert+3
	KLT
	DCT

	24
	Vert+5
	KLT
	DCT

	25
	Vert+7
	KLT
	DCT

	26
	Horz-7
	KLT
	KLT

	27
	Horz-5
	KLT
	KLT

	28
	Horz-3
	KLT
	KLT

	29
	Horz-1
	KLT
	KLT

	30
	Horz+1
	DCT
	KLT

	31
	Horz+3
	DCT
	KLT

	32
	Horz+5
	DCT
	KLT

	33
	Horz+7
	DCT
	KLT


3 Implementation and Simulation Results

We have implemented our proposed approach on the TMuC v0.7 software, where as specified in TMuC [4], the 4x4 and 8x8 block transforms for intra prediction residual uses the proposed combinations of DCT and derived KLT transforms shown in Table 2. Note that in the proposed approach, only two transform matrices need to be stored for each block size (one of which is the DCT), instead of 18 transform matrices in MDDT.

We use the default software configuration as defined in the test conditions, JCTVC-B300 [5], and tested using “Intra, high efficiency” and “Random access, high efficiency” conditions.

We compare the TMuC anchor, our proposed method using the TMuC MDDT map [2], and the proposed choice of transforms. Detailed results are presented in our TE7 report (JCTVC-C037). Here, we provide the summary of BD-Rate [6] results. Table 3 shows the RD results for “Intra, high efficiency”. With the current TMuC MDDT map, our proposed set of transforms lead to a negligible rate increase. With the proposed choices of transforms in Table 2, the RD performance is virtually the same as TMuC 0.7 reference, even though only 2 transforms are used.
Table 3. RD results for all intra configuration 
	Sequence
	[2] vs TMuC
	Proposed vs TMuC

	
	BD-Rate (%)
	BD-Rate (%)

	Average for Class A
	0.1
	0.0

	Average for Class B
	0.1
	0.1

	Average for Class C
	0.1
	0.0

	Average for Class D
	0.1
	0.0

	Average for Class E
	0.1
	0.0


Table 3 shows the RD results for “Random access, high efficiency”. Again, with the current TMuC MDDT map, our proposed set of transforms has very negligible rate increase. With the proposed choices of transforms in Table 2, the RD performance is again virtually the same as TMuC 0.7 reference.

Table 4. RD results for hierarchical B configuration

	Sequence
	[2] vs TMuC
	Proposed vs TMuC

	
	BD-Rate (%)
	BD-Rate (%)

	Average for Class A
	0.1
	0.0

	Average for Class B
	0.1
	0.1

	Average for Class C
	0.0
	0.0

	Average for Class D
	0.1
	0.0


4 Conclusion

This proposal presents an update of our previous proposal [2] to better suit the Unified Intra Prediction used in TMuC. As in our earlier proposal, only two transforms: DCT and a derived KLT. Experimental results show that there is no significant loss in coding efficiency. We recommend considering this proposal for adoption in the TM/TMuC.
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