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1. Introduction

In the current JVT FCD [1], the intra prediction of luma component consists of two methods: 4x4 prediction and 16x16 prediction. We propose simple schemes in order to improve both 4x4 and 16x16 intra prediction. For the intra 4x4 prediction, we reduce the reference pels from 17 to 9 for the memory bandwidth reduction. We also enhance the intra 4x4 mode coding method. For the intra 16x16, the order of MBtype is changed for the coding efficiency.

2. Proposed methods

2.1 Memory bandwidth reduction in intra 4x4 prediction

The memory bandwidth reduction for the concurrent processing is an open issue. We use all 9 prediction modes. In the case of mode 3, 7, and 8, which uses the pels of upper right and down left block, we simply replace those pels with the right bottom pel in the upper block and the right bottom pel in the left block as shown in Fig. 1 (b).

2.2 Intra 4x4 mode coding improvement

We propose two algorithms for Intra 4x4 mode coding in this document. According to the current JVT FCD, the minimum mode number between the upper block and left block is referred as most_probable_mode. First, in our experiments, it is shown that the horizontal prediction mode is the most frequently used mode, especially in the interlace sequence. The mode order should be changed in order to obtain more most_probable_modes.

Therefore, we propose to change mode order such that mode 0 and mode 1 are assigned to the horizontal mode and vertical mode, respectively.

Second, the “outside” case is described. For the cases where either the upper block or the left block is outside, the most_probable_mode is set to the prediction mode 2 in the current JVT FCD.  Since “outside” cases always happen in the slice or the image boundary area, we propose to assign the mode 2 to the “outside” block and use the minimum mode number between the upper block and the left block as the most_probable_mode.

2.3 Intra 16x16 mode coding improvement.

In the current JVT FCD, the intra 16x16 mode is used to be coded with the combination of nc and AC. The order of this combination is (imode, nc, AC) as shown in Table 1, where imode means intra 16x16 mode. However, we found that the nc value 2 is the least frequently used as shown in Table 2. Therefore, we propose to change the order of the combination as (imode, AC, nc) as shown in Table 3.

Table 1. Macroblock types for I slices, (imode, nc, AC)

Value of mb_type
Name of mb_type
Value of mb_type
Name of mb_type

0
Intra_4x4
13
Intra_16x16_0_0_1

1
Intra_16x16_0_0_0
14
Intra_16x16_1_0_1

2
Intra_16x16_1_0_0
15
Intra_16x16_2_0_1

3
Intra_16x16_2_0_0
16
Intra_16x16_3_0_1

4
Intra_16x16_3_0_0
17
Intra_16x16_0_1_1

5
Intra_16x16_0_1_0
18
Intra_16x16_1_1_1

6
Intra_16x16_1_1_0
19
Intra_16x16_2_1_1

7
Intra_16x16_2_1_0
20
Intra_16x16_3_1_1

8
Intra_16x16_3_1_0
21
Intra_16x16_0_2_1

9
Intra_16x16_0_2_0
22
Intra_16x16_1_2_1

10
Intra_16x16_1_2_0
23
Intra_16x16_2_2_1

11
Intra_16x16_2_2_0
24
Intra_16x16_3_2_1

12
Intra_16x16_3_2_0



Table 2. nc frequency (%)

nc
0
1
2

Progressive
48.47 
47.26 
4.27 

Interlace
59.10 
34.76 
6.14 

Table 3. Proposed table for the macroblock types for I slices, (imode, AC, nc)

Value of mb_type
Name of mb_type
Value of mb_type
Name of mb_type

0
Intra_4x4
13
Intra_16x16_0_1_1

1
Intra_16x16_0_0_0
14
Intra_16x16_1_1_1

2
Intra_16x16_1_0_0
15
Intra_16x16_2_1_1

3
Intra_16x16_2_0_0
16
Intra_16x16_3_1_1

4
Intra_16x16_3_0_0
17
Intra_16x16_0_0_2

5
Intra_16x16_0_1_0
18
Intra_16x16_1_0_2

6
Intra_16x16_1_1_0
19
Intra_16x16_2_0_2

7
Intra_16x16_2_1_0
20
Intra_16x16_3_0_2

8
Intra_16x16_3_1_0
21
Intra_16x16_0_1_2

9
Intra_16x16_0_0_1
22
Intra_16x16_1_1_2

10
Intra_16x16_1_0_1
23
Intra_16x16_2_1_2

11
Intra_16x16_2_0_1
24
Intra_16x16_3_1_2

12
Intra_16x16_3_0_1



3. Experimental results

The common test condition [2] is used except that all frames are coded as intra frame. Both CABAC and UVLC are tested with low QP = 12, 16, 20, 24 and high QP = 28, 32, 36, 40. The Bjontegaard Delta bitrate is calculated for Y component. Additionally, the results for the higher resolution sequences are included where all of 50 frames are coded as intra frame with the rate of 3 frame skip. In the tables below, the negative sign means that the bitrate is reduced, which implies the better performance of the proposed method.

3.1 Results of the Section 2.1, Memory bandwidth reduction in intra 4x4 prediction

Results of the common condition sequences (Bjontegaard Delta bitrate (%))


Qp
Container
Foreman
Mobile
News
Paris
Silent
Tempete
Average

CABAC 
Low
0.11%
0.38%
0.12%
0.08%
0.10%
0.70%
0.14%
0.23%


High
0.20%
1.46%
0.53%
0.54%
0.40%
2.02%
0.68%
0.83%

UVLC
Low
0.11%
0.33%
0.05%
0.07%
0.11%
0.64%
0.07%
0.20%


High
0.10%
1.75%
0.53%
0.73%
0.48%
3.10%
0.82%
1.07%

Results of the interlace sequences (Bjontegaard Delta bitrate (%))

Qp
Canoa
F1 car
Rugby
Mobile
Football
Tempete
Average

CABAC 
Low
0.04%
0.08%
0.13%
0.14%
0.09%
0.06%
0.09%


High
0.25%
0.23%
0.27%
0.55%
0.36%
0.71%
0.40%

UVLC
Low
-0.06%
0.04%
-0.01%
0.04%
0.01%
0.07%
0.02%


High
0.31%
0.20%
0.39%
0.49%
0.36%
0.87%
0.44%

3.2 Results of the Section 2.2, Intra 4x4 mode coding enhancements

Results of the common condition sequences (Bjontegaard Delta bitrate (%))

Qp
Container
Foreman
Mobile
News
Paris
Silent
Tempete
Average

CABAC
Low
-0.03%
-0.12%
0.00%
0.03%
-0.04%
-0.14%
-0.04%
-0.05%


High
0.15%
-0.51%
-0.04%
0.12%
-0.03%
-0.35%
-0.21%
-0.12%

UVLC 
Low
0.01%
-0.18%
0.00%
0.05%
-0.06%
-0.13%
-0.03%
-0.05%


High
0.10%
-0.58%
-0.03%
0.08%
-0.17%
-0.17%
-0.16%
-0.13%

Results of the interlace sequences (Bjontegaard Delta bitrate (%))

Qp
Canoa
F1 car
Rugby
Mobile
Football
Tempete
Average

CABAC
Low
-0.30%
-0.12%
-0.17%
0.01%
-0.15%
-0.08%
-0.14%


High
-1.03%
-0.30%
-0.45%
-0.14%
-0.48%
-0.42%
-0.47%

UVLC 
Low
-0.15%
-0.05%
-0.09%
-0.03%
-0.09%
-0.03%
-0.07%


High
-0.62%
-0.21%
-0.28%
-0.11%
-0.34%
-0.23%
-0.30%

3.3 Results of the Section 2.3, Intra 16x16 mode coding enhancements

Since this modification affects the UVLC case, only the result of the UVLC case is shown below.
Results of the common condition sequences (Bjontegaard Delta bitrate (%))
Qp
Container
Foreman
Mobile
News
Paris
Silent
Tempete
Average

Low
-0.01
0.00
0.00
0.00
0.00
0.00
-0.03
-0.01

High
-0.03
-0.06
-0.01
-0.05
-0.02
-0.11
0.01
-0.04

Results of the interlace sequences (Bjontegaard Delta bitrate (%))
Qp
Canoa
F1 car
Rugby
Mobile
Football
Tempete
Average

Low
0.00
0.00
0.00
0.00
0.00
0.00
0.00

High
-0.01
-0.19
0.01
-0.18
-0.22
-0.22
-0.14

3.4 Results of the total intra 4x4 prediction enhancement (Section 2.1 and 2.2 are combined)

Results of the common condition sequences (Bjontegaard Delta bitrate (%))

Qp
Container
Foreman
Mobile
News
Paris
Silent
Tempete
Average

CABAC
Low
0.07
0.31
0.13
0.07
0.06
0.56
0.11
0.19


High
0.38
0.88
0.49
0.64
0.29
1.66
0.40
0.68

UVLC
Low
0.12
0.16
0.05
0.06
0.04
0.52
0.04
0.14


High
0.22
1.16
0.49
0.81
0.35
2.85
0.65
0.93

Results of the interlace sequences (Bjontegaard Delta bitrate (%))

Qp
Canoa
F1 car
Rugby
Mobile
Football
Tempete
Average

CABAC
Low
-0.28
-0.02
-0.07
0.12
-0.09
0.04
-0.05


High
-0.85
0.03
-0.14
0.38
-0.16
0.30
-0.07

UVLC
Low
-0.16
-0.04
-0.10
0.02
-0.04
0.04
-0.05


High
-0.31
0.06
0.05
0.43
0.10
0.65
0.16

4. Conclusions

We propose to restrict the reference blocks to the upper block and the left block. This scheme will benefit the concurrent processing of the 4x4 blocks. In our simulations, the proposed method provides almost the same performance as the current JVT FCD does in the most cases of progressive and interlace sequences as shown in Table 3.1.  In addition, We also introduce the enhanced intra 4x4 mode coding scheme.  Regarding intra 4x4 prediction, the change of mode order is proposed.  Table 3.2 indicates that the change of mode order leads to the better coding efficiency than the current JVT FCD does.  

With the combination of two proposed methods for the concurrent processing and improved coding efficiency, Table 3.4 shows that the combined methods will maintain the same quality as the current JVT FCD and improve the coding efficiency in the most cases of interlace sequences. 

Our proposal includes the change of intra 16x16 table in this document. Since it is much less probable of having nc value of 2 as our experiment shows in Table 2, it is more reasonable that it should be located at the last of intra macroblock type table to achieve better coding efficiency as shown in Table 3. In our experiment, the slight change order of nc value can provide the better coding efficiency as shown in Section 3.3. 
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