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Abstract

A SMDDT (Simplified MDDT) scheme is proposed in this document. It comprises two parts, ST (Simplified Transform) and SSO (Symmetry-based Scanning Order). In the SMDDT-ST, the combination of DCT and DST is used. In the SMDDT-SSO, 2 additional scanning orders as well as the existing zigzag scanning order are used. The BD-Rate reduction of the proposed SMDDT scheme is -2.0% in the Intra HE case and -2.9% in the Intra LC case.
1 Description of the proposed SMDDT scheme
The proposed SMDDT scheme comprises two parts, the simplified transform and the symmetry-based scanning order.
1.1 Simplified transform
In [1] and [2], the 8 pairs of separable KLT in the original MDDT are replaced by the combinations of DCT and DST (Odd Type 3 Discrete Sine Transform), while the performance of the original MDDT is maintained. This simplified transform is adopted in the proposed SMDDT scheme due to its simplicity. The ST modes defined in the proposed SMDDT scheme is shown in Table 1. The mapping from the prediction mode to the ST mode is illustrated in Table 2.
Table 1. Implementation of each ST mode

	ST Mode
	Implementation
	For Intra prediction modes

	
	Vertical transform
	Horizontal transform
	

	0
	DCT
	DCT
	DC
prediction

	1
	DST
	DST
	Using both above and left reference pixels

	2
	DST
	DCT
	Using only above reference pixels

	3
	DCT
	DST
	Using only left reference pixels


Through a set of comparative tests, we find out that the 4x4 and 8x8 ST provide most of the coding gains, so we use only 4x4 and 8x8 ST in the proposed SMDDT scheme. 

1.2 Symmetry-based scanning order

In [3], it is shown that the scan orders in the original MDDT scheme have symmetric properties. Specifically, if two intra prediction directions are horizontal or vertical symmetric, the two corresponding scan orders are the same; if two prediction directions are transposing symmetric, the two scan orders are also transposing symmetric. Based on the symmetry, the 8 directional scanning orders can be reduced to 3.

In the context of TMuC0.9, there are 34 intra prediction modes, one DC mode and 33 directional prediction modes. The directions of the 33 directional prediction modes are shown in Fig. 1(a). Based on the symmetry, all the 33 directions in Fig. 1(a) can be mapped to the 9 directions in Fig. 1(b) by horizontal/vertical flip and diagonal transpose. Further, the 9 directions in Fig. 1 (b) can be reduced to 3 directions marked as 0, 1, and 2 by merging adjacent directions. In the proposed SSO mode, one scanning order is used for each of the three directions. So basically, all the prediction directions that mapped to one of the three directions share the same scanning order. The mapping from the prediction mode to the SSO mode is illustrated in Table 2.
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Fig. 1 (a) 33 prediction directions in TMuC0.9, (b) SSO modes 

Because the SSO is not compatible with the transform coefficient coding method for 16x16 and 32x32 TU when CABAC is used in the TMuC0.9, it is only implemented for TU of size 4x4 and 8x8. Under LC condition, the SSO is implemented for TU of all sizes.
The two scanning orders used are trained from a set of sequences excluding the sequences in the common test condition. We firstly encode the set of sequences using TMuC0.9, getting the statistics of the significant flag count of each block position inside a TU. Then we sort the count in a descending order and get the scanning order. 

1.3 The proposed SMDDT scheme

For clarity, the mappings from the intra prediction mode to the ST mode and the SSO mode are arranged together in Table 2.

Table 2. The proposed SMDDT scheme: mappings from the intra prediction mode to the ST mode and the SSO mode

	IP mode 
(in Logical order)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Direction
	DC
	V-8
	V-7
	V-6
	V-5
	V-4
	V-3
	V-2
	V-1
	V+0
	V+1
	V+2
	V+3
	V+4
	V+5
	V+6
	V+7

	ST mode
	0
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2
	2
	2
	2

	SSO mode
	0
	0
	0
	0
	2
	2
	2
	1
	1
	1
	1
	1
	2
	2
	2
	0
	0

	IP mode 
(in Logical order)
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33

	Direction
	V+8
	H-7
	H-6
	H-5
	H-4
	H-3
	H-2
	H-1
	H+0
	H+1
	H+2
	H+3
	H+4
	H+5
	H+6
	H+7
	H+8

	ST mode
	2
	1
	1
	1
	1
	1
	1
	1
	3
	3
	3
	3
	3
	3
	3
	3
	3

	SSO mode
	0
	0
	0
	2
	2
	2
	1
	1
	1
	1
	1
	2
	2
	2
	0
	0
	0


2 Performance
2.1 RD results
As required in [4], the test condition specified in [5] is used for getting the RD data. 
	
	Intra
	Intra LoCo

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

	Class A
	-2.8 
	-3.1 
	-3.0 
	-3.4 
	-1.3 
	-0.9 

	Class B
	-1.3 
	-1.7 
	-1.6 
	-2.5 
	-2.0 
	-2.0 

	Class C
	-1.9 
	-1.7 
	-1.7 
	-2.6 
	-2.0 
	-2.1 

	Class D
	-2.0 
	-1.8 
	-1.8 
	-2.5 
	-1.9 
	-1.9 

	Class E
	-2.7 
	-2.9 
	-2.6 
	-4.1 
	-1.8 
	-2.0 

	All
	-2.0 
	-2.1 
	-2.0 
	-2.9 
	-1.9 
	-1.9 

	Dec Time[%]
	101%
	103%


	
	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
	-1.1 
	-0.6 
	-0.5 
	-1.2 
	0.0 
	0.1 

	Class B
	-0.7 
	-0.5 
	-0.8 
	-1.1 
	-0.7 
	-0.8 

	Class C
	-0.9 
	-0.6 
	-0.6 
	-1.0 
	-0.6 
	-0.6 

	Class D
	-0.8 
	-0.4 
	-0.1 
	-0.8 
	-0.7 
	-0.4 

	Class E
	
	
	
	
	
	

	All
	-0.8 
	-0.5 
	-0.5 
	-1.0 
	-0.6 
	-0.5 

	Dec Time[%]
	100%
	101%


When only the SMDDT-ST is implemented, the RD performance is -1.3%/-2.2% in Intra HE/LC case. When SMDDT-SSO is implemented on top of the SMDDT-ST, the additional coding gain is -0.7%/-0.7% in Intra HE/LC case. And the total gain of the combination of SMDDT-ST and SMDDT-SSO is -2.0%/-2.9%.

2.2 Complexity

Only 4x4 and 8x8 transforms are used in the SMDDT-ST. The 4x4 and 8x8 DCT share the same implementation already in TMuC0.9. The 8x8 DST is implemented as regular matrix multiplication. The 4x4 DST is simplified using the same method proposed in [6].

Besides the existing zigzag scan, only two additional fixed scanning orders are needed. For 4x4 and 8x8 TU, the full scanning orders are stored. For TU larger than 8x8, only first 64 scanning positions are stored in order since at most 64 coefficients are coded in TMuC0.9. Because the proposed SMDDT-SSO only performs the conditional swap of the x and y component of a block position, so the computational complexity is negligible. 
3 Conclusion

From the experiment results, we conclude that the additional scanning orders can improve the efficiency in coding intra coefficients. It is also shown that the number of additional scanning orders can be reduced if the scanning orders are designed in a symmetric way. Also the additional scanning orders with symmetric features can be implemented efficiently. 
4 References

[1] C. Yeo Y. H. Tan, Z. Li, S. Rahardja, “TE7: Results for Mode-Dependent Fast Separable KLT for Block-based Intra Coding”, JCTVC-C037, Guangzhou, October, 2010.

[2] C. Yeo Y. H. Tan, Z. Li, “Choice of transforms in MDDT for Unified Intra Prediction”, JCTVC-C039, Guangzhou, October, 2010.

[3] H. Yang, J. Zhou, H. Yu, “Symmetry-based Scan Order Sharing Scheme for MDDT”, JCTVC-C106, Guangzhou, October, 2010.
[4] R. Cohen, C. Yeo, R. Joshi, “CE7: Alternative Transforms”, JCTVC-C507, Guangzhou, October, 2010.
[5] F. Bossen, “Common test conditions and software reference configurations”, JCTVC-C500, Guangzhou, October, 2010.
[6] C. Yeo Y. H. Tan, Z. Li, S. Rahardja, “CE7: Mode-Dependent Transforms for Block-based Intra Coding from Institute for Infocomm Research”, JCTVC-D046, Daegu, January, 2011.
5 Patent rights declaration(s)
Huawei Technologies Co.,Ltd. may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).

Page: 5
Date Saved: 2011-01-20

_1344322827.vsd

_1356527579.vsd
1


2


0



