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Abstract

In this contribution, an extended mode dependent coefficient scan (MDCS) method is proposed. Based on the MDCS in HM-4.0, modified MDCS is applied to larger TU sizes including 16×16 and 32×32. Moreover, two scan patterns for horizontal and vertical scans are proposed. It is reported that the first scan pattern can achieve 0.1% and 0.4% coding efficiency gains for HE-AI and LC-AI, respectively. The second scan pattern can achieve 0.1% and 0.5% coding efficiency gains for HE-AI and LC-AI, respectively. Run times are unchanged on average.
1 Introduction
Mode dependent coefficient scan (MDCS) is used for intra coded coefficients. For CABAC, three scan patterns, including diagonal, horizontal, and vertical scans, as illustrated in Figure 1, are used to code the significance map and coefficient levels backward. For CAVLC, diagonal scan is replaced by zigzag scan, as illustrated in Figure 2. The selection of the scan patterns for each TU size is based on the intra prediction modes, as shown in Table 1, where 0, 1, and 2 stand for diagonal/zigzag, horizontal, and vertical scans, respectively. In HM-4.0, MDCS is only used for TU sizes of 4x4 and 8x8. In this contribution, an MDCS is extended to TU sizes of 16x16 and 32x32, and two kinds of scan patterns are proposed for horizontal and vertical scans. The rest of this document is organized as follows. Details of the proposed method will be described in Section 2, simulation results will be shown in Section 3, and conclusions will be given in Section 4.
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2 Proposed method
The proposed method is to extend MDCS to intra blocks with TU sizes of 16x16 and 32x32. The selection of scan patterns is according to Table 2. Moreover, two alternative scan patterns are proposed to replace the original horizontal and vertical scans as shown in Figure 1 and Figure 2. Those two alternative scan patterns are described in the following sections, in which only horizontal scan will be described and vertical scan can be easily derived by diagonal mirroring.


[image: image4]
The CABAC throughput can be reduced by if the context for the next bin depends on the current bin or if the state update for the current bin depends on the value of the current bin. In the 6th JCT-VC meeting, unified scan in JCTVC-F288 [1] was adopted to code significance map and coefficient level backward, where context formation of the significant map for TUs larger than 8x8 was modified to deal with the reverse scan as shown in Figure 3. In Figure 3, it is shown that contexts of significance map will not depend on the previous one in the scan order. However, if extended MDCS directly applies original horizontal and vertical scans to TUs of 16x16 and 32x32, context formation of a significant flag will depend on that of previous significant flags, which reduces the processing throughput of CABAC.

[image: image5]
2.1 First scan pattern

A first scan pattern is proposed to achieve horizontal and vertical scans while increasing the scan positions that can apply independent context formation between two consecutive significance flags in scan order. Figure 4 shows the horizontal scan pattern for 16x16 TUs, where the numbers specify the scan order. Scan positions 1-2, 3-4, 5-6, and so on are grouped into pairs except the first position and the last position cannot be paired. The context formation for one significant flag is independent of the other significant flag in one pair. Consequently, 2-parallel processing can be achieved for almost all context formation of the significance map. The first horizontal scan pattern for 32x32 TUs can be found in Appendix.
2.2 Second scan pattern

The second scan pattern is created with the same concept as the first scan pattern and is adjusted based on JCTVC-F124 [2]. In JCTVC-F124, image correlation model is created. Given the variance of each transform coefficient, the scan order can be derived by sorting the positions in a descending order of the variance values. From the experiments, it is shown that the first eight positions in the first row have the highest variances for horizontal scan, which means the eight positions should be scanned first to get better coding efficiency. Therefore, the second horizontal scan pattern for 16x16 TUs is proposed in Figure 5. Scan positions 8-9, 10-11, 12-13, and so on are grouped into pairs except the first eight and the last eight positions cannot be paired. The context formation for one significant flag is independent of the other significant flag in one pair. Consequently, 2-parallel processing can be achieved for most context formation of the significance map. The second horizontal scan pattern for 32x32 TUs can be found in Appendix.
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3 Simulation results

Experiments were conducted according to the common test conditions defined in JCTVC-F900 [3], and all intra cases were tested. The software is modified based on HM-4.0, and the anchor is HM-4.0. Simulation results of the proposed two scan patterns are shown in Table 1 and Table 2, respectively. The first scan pattern achieves 0.1% and 0.4% bit rate reductions for HE-AI and LC-AI, respectively. The second scan pattern achieves 0.1% and 0.5% bit rate reductions for HE-AI and LC-AI, respectively. Run times are not changed on average.

[image: image8]
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4 Conclusions

MediaTek extended MDCS to TUs of 16x16 and 32x32, and two scan patterns were proposed. Simulation results reportedly showed that the first scan pattern can achieve 0.1% and 0.4% bit rate savings for HE-AI and LC-AI, respectively. The second scan pattern can achieve 0.1% and 0.5% bit rate savings for HE-AI and LC-AI, respectively. No run time increase is observed.
5 Patent rights declaration(s)
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7 Appendix
7.1 First horizontal scan for 32x32 TUs
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7.2 Second horizontal scan for 32x32 TUs
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Figure 2.  Three scan patterns for CAVLC:


zigzag (left), horizontal (middle), and vertical (right)
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Figure 3.  Context formation of the significance map for the reverse scan





Table 2.  Results of second scan pattern
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Figure 1.  Three scan patterns for CABAC:


diagonal (left), horizontal (middle), and vertical (right)











Table 1.  Results of first scan pattern
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Table 1.  Look-up table of scan patterns for intra luma block in HM4.0


                  Intra Mode�    TU size�
0�
1�
2�
3�
4�
5�
6�
7�
8�
9�
10�
11�
12�
13�
14�
15�
16�
17�
18�
19�
20�
21�
22�
23�
24�
25�
26�
27�
28�
29�
30�
31�
32�
33�
34�
�
32x32�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
�
16x16�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
�
8x8�
0�
1�
2�
0�
0�
1�
1�
0�
2�
2�
0�
0�
1�
1�
0�
0�
2�
2�
0�
0�
0�
1�
1�
1�
1�
0�
0�
0�
0�
2�
2�
2�
2�
0�
0�
�
4x4�
0�
1�
2�
0�
0�
1�
1�
0�
2�
2�
0�
0�
1�
1�
0�
0�
2�
2�
0�
0�
0�
1�
1�
1�
1�
0�
0�
0�
0�
2�
2�
2�
2�
0�
0�
�






Table 2.  Look-up table of scan patterns for TU sizes of 16x16 and 32x32


                  Intra Mode�    TU size�
0�
1�
2�
3�
4�
5�
6�
7�
8�
9�
10�
11�
12�
13�
14�
15�
16�
17�
18�
19�
20�
21�
22�
23�
24�
25�
26�
27�
28�
29�
30�
31�
32�
33�
34�
�
32x32�
0�
1�
2�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
1�
1�
0�
0�
0�
0�
0�
0�
2�
2�
0�
0�
0�
�
16x16�
0�
1�
2�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
0�
1�
1�
0�
0�
0�
0�
0�
0�
2�
2�
0�
0�
0�
�
8x8�
0�
1�
2�
0�
0�
1�
1�
0�
2�
2�
0�
0�
1�
1�
0�
0�
2�
2�
0�
0�
0�
1�
1�
1�
1�
0�
0�
0�
0�
2�
2�
2�
2�
0�
0�
�
4x4�
0�
1�
2�
0�
0�
1�
1�
0�
2�
2�
0�
0�
1�
1�
0�
0�
2�
2�
0�
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0�
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Figure 4.	Proposed horizontal scan pattern for TU size of 16x16
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Figure 5.  Another proposed horizontal scan pattern for TU size of 16x16
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