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Abstract
MDDT is adopted in TMUC to improve the transform efficiency by using different transform matrices for residual block of different intra mode. However, MDDT is implemented as directly matrix multiplication, which results in higher computation cost than that of DCT. In this contribution, we designed two symmetric transform matrices to simplify the MDDT matrices. And the proposed symmetric transform matrices can be implemented using lifting structure. Experimental results demonstrate that this proposal reduce the run-time complexity of MDDT without significant coding performance loss.
Introduction

To simplify MDDT [1], the transform matrices are approximated using eq (1). 
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where U and V can be any orthogonal matrices and 
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 is a known reordering matrix defined as
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For N=8, the reordering matrix 
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The implementation of 
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 is illustrated in Fig.1 for N=8. The whole transform is the concatenation of a simple butterfly transform, two separate transform U and V of halved data size, and a data reordering P. 
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Fig. 1. The butterfly implementation structure for S8.
Thus we obtained one symmetric 8x8 transform matrix and one symmetric 4x4 transform matrix. The matrices are mapped to intra prediction mode as follows






Table I: Vertical transform matrices mapping

	0
	KLT

	1
	DCT

	2
	DCT

	3
	S

	4
	S

	5
	S

	6
	S

	7
	S

	8
	S


Table II: Horizontal transform matrices mapping
	0
	DCT

	1
	KLT

	2
	DCT

	3
	S

	4
	S

	5
	S

	6
	S

	7
	S

	8
	S


The designed symmetric transform matrices are adopted for intra mode 3~8.
Simulation environment
The proposed scheme is tested against the test conditions as specified in TE7. The implementation is based on TMuC 0.7. Tests were conducted using intra high efficiency coding configurations [5].

We compare our proposed scheme with the TMuC anchor. And the transform matrices are mapped as in TMuC 0.7. Only the transform matrices are replaced with new ones.
Results
The coding efficiency results in this section are given in terms of BD-rate. The values are averaged over all sequences from one class. BD-PSNR, PSNR values and bit rates for every test point can be found in the attached Excel spreadsheet JCTVC-C305.xls. Table III summaries the test results. Symmetric transform matrices will result in about 0.5 percent BD-rate increases.

Table III: Average BD-rate for all test sequences
	HE Intra
	
	
	

	BD-rate
	Y
	U
	V

	Class A
	0.6
	0.5
	0.4

	Class B
	0.5
	0.5
	0.5

	Class C
	0.5
	0.5
	0.5

	Class D
	0.4
	0.5
	0.4

	Class E
	0.5
	0.5
	0.5

	All
	0.5
	0.5
	0.5


…

Conclusion
Experimental results demonstrate that this proposal reduce the run-time complexity of MDDT without significant coding performance loss.
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