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Abstract

To achieve better coding gain of intra (I) frames in H.264/MPEG AVC, multiple predictor sets for intra coding (MPSI) are proposed to improve the accuracy of intra prediction. A new predictor set is introduced with similar subsets as the original one in H.264/AVC, in which 8 are directional and 1 is non-directional. The same method in H.264/AVC is used to predict the intra prediction mode of current block. Experimental results show that the proposed method achieves 3.14 % average bit reduction for I frames at constraint set 1 and constraint set 2 with CABAC, and 3.89 % average bit reduction at constraint set 2 of CAVLC. The technique is compatible with other KTA tools like Adaptive Loop Filter, and achieves more bit reduction when used together. 
1 Introduction
H.264/AVC uses intra prediction to reduce the spatial redundancy between spatially adjacent blocks, in which pixels from the already coded neighboring blocks are used to predict the current block. For luminance block, H.264 has a predictor set of 9 predictors for 4x4 and 8x8 blocks. The predictors can be divided into two subsets according to the texture feature of the predictors. One is directional subset with 8 directional predictors; another is non-directional with 1 DC predictor as shown in Fig. 1.

[image: image1]
Fig 1 Prediction Modes in H.264/MPEG AVC
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It has been proved that the above method works well for general sequences. However the weakness of the prediction method is that it is not able to represent sample prediction blocks with complex textures.

In this contribution, a framework to improve the intra coding efficiency is proposed. A new predictor set is introduced with similar subsets as the original one in H.264/AVC, in which there are also 8 directional and 1 non-directional predictors. The method has two advantages: (1) The same method in H.264/AVC can be used to predict the intra prediction mode of current block; (2) The technique is compatible with other KTA tools like Adaptive Loop Filter, and shows more coding gain. 

2 Multiple predictor sets for intra coding
As described in Section 1, the new predictor set for intra prediction also consists of one directional subset and one non-directional subset. 
2.1  Directional subset
The directional subset has 8 directional predictors which are uniform rotated from original predictors of H.264/AVC. Keeping the prediction modes and rotating the directional subset in H.264/AVC of 12.5o counterclockwise, the new 8 directional predictors and their corresponding prediction modes are shown in Fig.2 (b). 


[image: image2.emf]0

3

4

5

6

7

8

1

0

3

4

5

6

7

8

1

0

3

4

5

6

7

8

1

0

3

4

5

6

7

8

1

+

(a)

(b)

(c)


Fig 2 Directional Subsets for Intra Coding (a) Directional Subset in H.264/AVC; (b) New Directional Subset after rotating counterclockwise (2) with arctan(4); (c) All Directions

The pixel values in current block are also predicted by the pixels from the already decoded neighboring blocks. The prediction value is calculated through linear interpolation of its neighboring decoded pixels. The calculations also only need simple additions and right shifts as H.264/AVC. Thus the computational complexity on the decoder side is minimum.

2.2 Non-directional subset
Template matching [3] is used for the non-directional subset in the new predictor set. To reduce the computational complexity, the searching range is limited to the decoded pixels of current Macroblock and an “L” shape with the width of 48 and height of 32 pixels as shown in Fig 3. The template used for searching is the 9 adjacent pixels of a 4x4 block or 17 pixels of an 8x8 one.
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Fig 3 Template Matching for non-directional prediction subset
2.3 Encoding and decoding processes
In H.264/AVC, the predicted value of current intra prediction mode is set to the smaller intra prediction mode of upper block and left block. Because the predictors with same intra prediction mode in different predictor set have similar texture features, the predicted value of intra prediction mode can also use the smaller intra prediction mode of its upper left block in spite of which predictor set it belongs to.

For example, if the upper block has a prediction mode 4 of set 0, and the left block has a prediction mode 1 of set 1, the predicted mode for the current mode is set to 1.

The rate-distortion optimization technique is used at the Macroblock level to decide which predictor set will be adapted for the Macroblock. A bit of predictor_set_flag is introduced to indicate the set. The syntax in the bit-stream is as follows:

if( transform_8x8_mode_flag && mb_type = = I_NxN )
{

transform_size_8x8_flag
predictor_set_flag

}

At the decoder side, the decoder first decodes the predictor_set_flag, then follows the same procedure as in H.264/AVC.

…

3 Experimental results

The proposed method was implemented into jm11.0kta2.6r1 software, and experiments have been performed on I frames according to JCT CFP satisfies constraint set 1 and 2. 

Experimental conditions are as follows:

Constraint set 1 and 2 (All I-frame, CABAC ), Constraint set 2( All I-frame, CAVLC )

· MPSI is applied to Intra 4x4 and Intra 8x8 prediction for all constrain sets 
· RDO enabled

· RDOQ enabled
· Full length CFP test sequences (WQVGA, WVGA, 720P and HD)
· Use QP defined in Alpha anchor.
Tab 1 shows the results in the Constraint set 1 and 2 (CABAC)[5], and Tab 2 shows the experimental results in the case of Constraint set 2 (CAVLC ). Average PSNR gain and bit reduction are calculated based on the Bjontegarrd method [1]

 REF _Ref257352760 \r \h 
[2].

In the case of Constraint set 1 and 2 (CABAC), the average bit reduction is about 3.14% for all sequences, 1.84% for WQVGA, 3.61% for WVGA, 4.18% for 720p and 3.18% for 1080p. Picture size larger than WQVGA has apparently better gain.

In the case of Constraint set 2 (CAVLC), the average bit reduction is 3.89% for all sequences, 2.20% for WQVGA, about 4.1% for WVGA, and about 5.32 % for 720p, and 4.22% for 1080p. Picture size larger than WQVGA appears to have better gain.
Tab 1 Coding efficiency of Constraint set 1 and 2 (CABAC, MPSI only)
	Resolution
	Sequence
	Bitrate
	ΔBitrate (%)
	ΔPSNR (dB)

	Class D

WQVGA

416x240
	BasketballPass
	High 
	-2.13
	0.13

	
	
	Low 
	-2.39
	0.13

	
	BQSqure
	High 
	-2.01
	0.17

	
	
	Low 
	-2.31 
	0.17 

	
	BlowingBubbles
	High 
	-1.23 
	0.09 

	
	
	Low 
	-1.52 
	0.09 

	
	RaceHorses
	High 
	-1.37 
	0.10 

	
	
	Low 
	-1.75 
	0.11 

	Average coding efficiency for WQVAG
	-1.84 
	0.13 

	Class C

WVGA

832x480
	PartyScene
	High 
	-1.56 
	0.09 

	
	
	Low 
	-1.79 
	0.08 

	
	BQMall
	High 
	-3.10 
	0.17 

	
	
	Low 
	-3.41 
	0.18 

	
	BasketballDrill
	High 
	-7.33 
	0.34 

	
	
	Low 
	-7.22 
	0.33 

	
	RaceHorses
	High 
	-2.12 
	0.11 

	
	
	Low 
	-2.33 
	0.11 

	Average coding efficiency for WVAG
	-3.61 
	0.18 

	Class E

720P
1280x720
	Vidyo1
	High 
	-4.81 
	0.26 

	
	
	Low 
	-4.96 
	0.28 

	
	Vidyo3
	High 
	-3.91 
	0.24 

	
	
	Low 
	-4.59 
	0.28 

	
	Vidyo4
	High 
	-3.25 
	0.17 

	
	
	Low 
	-3.57 
	0.18 

	Average coding efficiency for 720P
	-4.18 
	0.23 

	Class B

1080P
832x480
	Kimono
	High 
	-1.60 
	0.05 

	
	
	Low 
	-1.87 
	0.07 

	
	Cactus
	High 
	-3.64 
	0.14 

	
	
	Low 
	-4.37 
	0.17 

	
	BasketballDrive
	High 
	-3.50 
	0.11 

	
	
	Low 
	-4.36 
	0.14 

	
	BQTerrace
	High 
	-4.77 
	0.21 

	
	
	Low 
	-5.55 
	0.24 

	
	Parkscene
	High
	-0.97 
	0.05 

	
	
	Low
	-1.16 
	0.05 

	Average coding efficiency for 1080P
	-3.18 
	0.12 

	Average Coding efficiency for all sequences
	-3.14
	0.16


Tab 2 Coding efficiency of Constraint set 2 (CAVLC, MPSI only)
	Resolution
	Sequence
	Bitrate
	ΔBitrate (%)
	ΔPSNR (dB)

	Class D

WQVGA

416x240
	BasketballPass
	High 
	-2.67
	0.18

	
	
	Low 
	-3.05
	0.18

	
	BQSqure
	High 
	-2.36
	0.21

	
	
	Low 
	-2.66
	0.21

	
	BlowingBubbles
	High 
	-1.39
	0.11

	
	
	Low 
	-1.68
	0.11

	
	RaceHorses
	High 
	-1.69
	0.13

	
	
	Low 
	-2.12
	0.14

	Average coding efficiency for WQVAG
	-2.20
	0.16

	Class C

WVGA

832x480
	PartyScene
	High 
	-1.75
	0.10

	
	
	Low 
	-1.93
	0.10

	
	BQMall
	High 
	-3.84
	0.24

	
	
	Low 
	-4.18
	0.25

	
	BasketballDrill
	High 
	-7.91
	0.41

	
	
	Low 
	-7.54
	0.38

	
	RaceHorses
	High 
	-2.64
	0.15

	
	
	Low 
	-2.99
	0.15

	Average coding efficiency for WVAG
	-4.10
	0.22

	Class E

720P
1280x720
	Vidyo1
	High 
	-5.66
	0.35

	
	
	Low 
	-5.74
	0.37

	
	Vidyo3
	High 
	-5.55
	0.38

	
	
	Low 
	-6.34
	0.44

	
	Vidyo4
	High 
	-4.18
	0.24

	
	
	Low 
	-4.42
	0.26

	Average coding efficiency for 720P
	-5.32
	0.34

	Class B

1080P
832x480
	Kimono
	High 
	-2.65
	0.10

	
	
	Low 
	-3.13
	0.14

	
	Cactus
	High 
	-4.47
	0.19

	
	
	Low 
	-5.26
	0.23

	
	BasketballDrive
	High 
	-4.69
	0.17

	
	
	Low 
	-5.63
	0.22

	
	BQTerrace
	High 
	-6.05
	0.29

	
	
	Low 
	-6.97
	0.34

	
	Parkscene
	High
	-1.49
	0.08

	
	
	Low
	-1.80
	0.09

	Average coding efficiency for 1080P
	-4.22
	0.19

	Average Coding efficiency for all sequences
	-3.89
	0.22


Tab 3. shows the results when MPSI works together with Adaptive Loop Filter (ALF). The anchor is only turning on ALF, and the proposed is turning on both MPSI and ALF. The case of Constraint set 1 and 2 (CABAC) is tested. The average bit reduction is 3.36% for all sequences, 1.89% for WQVGA, 3.65% for WVGA, 4.74% for 720p and 3.48% for 1080p.
Tab 3 Coding efficiency of Constraint set 1 and 2 (CABAC, MPSI + ALF)
Anchor: Only ALF is turned on; Proposed: Both MPSI and ALF are turned on

	Resolution
	Sequence
	Bitrate
	ΔBitrate (%)
	ΔPSNR (dB)

	Class D

WQVGA

416x240
	BasketballPass
	High 
	-2.33
	0.15

	
	
	Low 
	-2.53
	0.14

	
	BQSqure
	High 
	-1.99
	0.17

	
	
	Low 
	-2.29
	0.17

	
	BlowingBubbles
	High 
	-1.22
	0.09

	
	
	Low 
	-1.53
	0.09

	
	RaceHorses
	High 
	-1.46
	0.11

	
	
	Low 
	-1.78
	0.11

	Average coding efficiency for WQVAG
	-1.89
	0.13

	Class C

WVGA

832x480
	PartyScene
	High 
	-1.56
	0.09

	
	
	Low 
	-1.74
	0.08

	
	BQMall
	High 
	-3.26
	0.18

	
	
	Low 
	-3.51
	0.19

	
	BasketballDrill
	High 
	-7.21
	0.34

	
	
	Low 
	-7.14
	0.33

	
	RaceHorses
	High 
	-2.20
	0.12

	
	
	Low 
	-2.55
	0.12

	Average coding efficiency for WVAG
	-3.65
	0.18

	Class E

720P
1280x720
	Vidyo1
	High 
	-5.20
	0.28

	
	
	Low 
	-5.31
	0.30

	
	Vidyo3
	High 
	-4.83
	0.30

	
	
	Low 
	-5.59
	0.35

	
	Vidyo4
	High 
	-3.61
	0.19

	
	
	Low 
	-3.93
	0.20

	Average coding efficiency for 720P
	-4.74
	0.27

	Class B

1080P
832x480
	Kimono
	High 
	-1.99
	0.06

	
	
	Low 
	-2.23
	0.08

	
	Cactus
	High 
	-4.00
	0.15

	
	
	Low 
	-4.80
	0.19

	
	BasketballDrive
	High 
	-3.98
	0.12

	
	
	Low 
	-4.89
	0.16

	
	BQTerrace
	High 
	-4.82
	0.20

	
	
	Low 
	-5.53
	0.23

	
	Parkscene
	High
	-1.18
	0.06

	
	
	Low
	-1.35
	0.06

	Average coding efficiency for 1080P
	-3.48
	0.13

	Average Coding efficiency for all sequences
	-3.36
	0.17


4 Complexity analysis

4.1 Encoding time and measurement methodology
The encoding time is measured on a DellT7500 workstation. The computer has 8 2.4G Xeon cores with 12GB installed memory. The operation system is 64 bit Windows 7 professional. The anchor and proposed are running simultaneously to test the encoding time. Tab 4 and Tab 5 gives the comparison results of encoding time. The average encoding time increasing is 102.24% for all sequences of Constraint set 1 and 2 (CABAC, MPSI) and 103.99% for all sequences of Constraint set 2 (CAVLC, MPSI). Because the number of candidates for deciding the best predictor set is double, the encoding time is also doubled.
Tab 4 Encoding time comparison of Constraint set 1 and 2 (CABAC, MPSI only)
	Resolution
	Sequence
	Average ΔTime (%)

	Class D

WQVGA

416x240
	BasketballPass
	102.4457547

	
	BQSqure
	98.79243861

	
	BlowingBubbles
	95.27065458

	
	RaceHorses
	99.66727287

	WQVGA Average
	99.04403018

	Class C

WVGA

832x480
	PartyScene
	102.0096679

	
	BQMall
	105.091504

	
	BasketballDrill
	104.4768222

	
	RaceHorses
	104.3397826

	WVGA Average
	103.9794442

	Class E

720P
1280x720
	Vidyo1
	105.6655913

	
	Vidyo3
	108.5042937

	
	Vidyo4
	107.5252656

	720P Average
	107.2317169

	Class B

1080P
832x480
	Kimono
	100.2774867

	
	Cactus
	100.9915225

	
	BasketballDrive
	103.4756683

	
	BQTerrace
	100.0307788

	
	Parkscene
	97.33944029

	1080P Average
	100.4229793

	All Average
	102.2439965


Tab 5 Encoding time comparison of Constraint set 1 and 2 (CAVLC, MPSI only)
	Resolution
	Sequence
	Average ΔTime (%)

	Class D

WQVGA

416x240
	BasketballPass
	102.4477706

	
	BQSqure
	98.4877664

	
	BlowingBubbles
	98.05588703

	
	RaceHorses
	99.12481752

	WQVGA Average
	99.52906038

	Class C

WVGA

832x480
	PartyScene
	102.1773402

	
	BQMall
	105.9983546

	
	BasketballDrill
	104.5288646

	
	RaceHorses
	104.8334235

	WVGA Average
	104.3844957

	Class E

720P
1280x720
	Vidyo1
	110.5624321

	
	Vidyo3
	112.7659786

	
	Vidyo4
	111.6514325

	720P Average
	111.6599477

	Class B

1080P
832x480
	Kimono
	103.3904962

	
	Cactus
	102.0298208

	
	BasketballDrive
	105.5615468

	
	BQTerrace
	101.0145559

	
	Parkscene
	101.2611463

	1080P Average
	102.6515132

	All Average
	103.9932271


4.2 Decoding time and measurement methodology

The decoding time is measured by the same methodology as encoding time measurement. Tab 6 and Tab 7 gives the comparison results of decoding time. The average decoding time increasing is 27.43% for all sequences of Constraint set 1 and 2 (CABAC, MPSI) and 56.95% for all sequences of Constraint set 2 (CAVLC, MPSI). The decoding time increasing is mainly caused by template matching, because the best matching block is also to be derived at the decoder side.
Tab 6 Decoding time comparison of Constraint set 1 and 2 (CABAC, MPSI only)
	Resolution
	Sequence
	Average ΔTime (%)

	Class D

WQVGA

416x240
	BasketballPass
	23.47309712

	
	BQSqure
	33.46427433

	
	BlowingBubbles
	15.89815009

	
	RaceHorses
	15.48483755

	WQVGA Average
	22.08008977

	Class C

WVGA

832x480
	PartyScene
	21.05240191

	
	BQMall
	28.798849

	
	BasketballDrill
	48.77927175

	
	RaceHorses
	22.12729643

	WVGA Average
	30.18945477

	Class E

720P
1280x720
	Vidyo1
	33.76548223

	
	Vidyo3
	35.36019598

	
	Vidyo4
	26.42970573

	720P Average
	31.85179465

	Class B

1080P
832x480
	Kimono
	15.79685619

	
	Cactus
	29.38907485

	
	BasketballDrive
	32.09230938

	
	BQTerrace
	42.74053321

	
	Parkscene
	14.1785734

	1080P Average
	26.8394694

	All Average
	27.42693182


Tab 7 Decoding time comparison of Constraint set 2 (CAVLC, MPSI only)
	Resolution
	Sequence
	Average ΔTime (%)

	Class D

WQVGA

416x240
	BasketballPass
	55.28289284

	
	BQSqure
	75.37015466

	
	BlowingBubbles
	34.19103086

	
	RaceHorses
	30.50940605

	WQVGA Average
	48.8383711

	Class C

WVGA

832x480
	PartyScene
	50.33924228

	
	BQMall
	64.09627475

	
	BasketballDrill
	90.0725856

	
	RaceHorses
	48.77977019

	WVGA Average
	63.32196821

	Class E

720P
1280x720
	Vidyo1
	60.10529794

	
	Vidyo3
	64.88537557

	
	Vidyo4
	51.62854064

	720P Average
	58.87307138

	Class B

1080P
832x480
	Kimono
	45.21076348

	
	Cactus
	59.31883964

	
	BasketballDrive
	57.08535512

	
	BQTerrace
	81.52498469

	
	Parkscene
	42.76055492

	1080P Average
	57.18009957

	All Average
	56.94756683


5 Analysis 

For MPSI, the analysis of the selection repartition between the original or new predictor sets is depicted in Tab 8. Set0 is the original predictor set in H.264/AVC, and Set1 is the new predictor set in this proposal. 4x4, 8x8 and 16x16 represents the block size. It shows that on average on the test set, the new predictor is selected 12.8% for 4x4 blocks and 24.29% for 8x8 blocks. Given that the selection results from a RD choice, this result confirms that the MPSI is useful. Note that these values exclude the cases where both predictors provide the same value, under which the original predictor has the priority to be selected. 
Tab 8 Average percentage of the appearance of different predictor sets of 

Constraint set 1 and 2 (CABAC, MPSI only)
	Resolution
	Sequence
	Average Percentage of Appearance (%)

	
	
	Set 0 4x4
	Set1 4x4
	Set0 8x8
	Set1 8x8
	16*16

	Class D

WQVGA

416x240
	BasketballPass
	18.37 
	12.39 
	30.63 
	22.57 
	16.04 

	
	BQSqure
	32.19 
	31.95 
	12.25 
	11.33 
	12.28 

	
	BlowingBubbles
	41.14 
	26.35 
	17.94 
	11.99 
	2.58 

	
	RaceHorses
	20.01 
	18.12 
	32.59 
	24.78 
	4.51 

	WQVGA Average
	27.92 
	22.20 
	23.35 
	17.67 
	8.85 

	Class C

WVGA

832x480
	PartyScene
	30.09 
	16.13 
	23.75 
	15.35 
	14.68 

	
	BQMall
	17.48 
	9.62 
	26.47 
	21.61 
	24.82 

	
	BasketballDrill
	6.61 
	16.10 
	22.03 
	39.84 
	15.41 

	
	RaceHorses
	8.96 
	10.21 
	27.77 
	28.29 
	24.76 

	WVGA Average
	15.79 
	13.02 
	25.00 
	26.27 
	19.92 

	Class E

720P

1280x720
	Vidyo1
	5.16 
	5.57 
	22.41 
	28.64 
	38.22 

	
	Vidyo3
	9.37 
	6.49 
	19.05 
	19.51 
	45.57 

	
	Vidyo4
	7.04 
	4.32 
	25.67 
	24.98 
	37.98 

	720P Average
	7.19 
	5.46 
	22.38 
	24.38 
	40.59 

	Class D

WQVGA

416x240
	Kimono
	2.50 
	2.72 
	38.58 
	36.66 
	19.54 

	
	Cactus
	10.82 
	11.35 
	29.75 
	29.15 
	18.93 

	
	BasketballDrive
	10.94 
	5.68 
	29.69 
	23.46 
	30.22 

	
	BQTerrace
	13.35 
	18.74 
	22.14 
	25.03 
	20.74 

	
	Parkscene
	12.15 
	9.06 
	35.22 
	25.51 
	18.06 

	1080P Average
	9.95 
	9.51 
	31.07 
	27.96 
	21.50 

	All Average
	15.39 
	12.80 
	26.00 
	24.29 
	21.52 


6 Conclusion

A new method is proposed to improve the coding efficiency of Intra frames by using multiple predictor sets. A new predictor set with similar subsets as in H.264/AVC is introduced to get better prediction of local images with complex textures. The same method in H.264/AVC can be used to predict the intra prediction mode. The selected predictor set is indicated on a macroblock level. MPSI achieves 3.14 % bit reduction at Constraint set 1 and 2 (CABAC), and 3.89% bit reduction at Constraint set 2 (CAVLC) on average. Moreover, MPSI is is compatible with other KTA tools, and is able to achieve more coding gain when used together. 
This technique can also be integrated into block size larger than 8x8 with more predictor sets, which will be our next work.
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