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1 Introduction

Two simple ways of improving Intra prediction in H.26L include:

· extending the area from which predictions are possible,

· optimizing the ordering of 4x4 blocks within a macroblock.

The first point is already included in MVC Intra prediction and is straightforward to carry over to TML. However, the gain from using extended prediction modes is further increased by adapting the order in which the blocks are coded. With an option of two block orders for each macroblock to be coded, the additional gain is of the same order as that of extending the predictions.

The main aspects of altering the block scan orders are:

· more data available for prediction,

· the additional gain is increased as the prediction modes are improved,

· no need to code the choice of scan order, as it can be predicted,

· low complexity and easy to implement,

· can also be used for motion vector or other types of predictions.

2 Extended Prediction

When making Intra predictions for a 4x4 block, TML presently uses blocks above and/or to the left for all 6 modes. These blocks are marked U, L and UL in Figure 1. 
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Figure 1. Current 4x4 block C to be coded. It may be predicted from blocks L (left), UL (up left) and U (up). Extended prediction includes blocks DL (down left) and UR (up right).
However, two of the diagonal prediction modes include pixels that should be extrapolated from UR and DL, but are instead assigned values from pixels in U and L, respectively. This is illustrated in Figure 2 for mode 1 of TML-4.


Figure 2. Only the shaded area of C can be directly predicted from U with the diagonal prediction mode 1. Extended prediction including UR predicts the rest of C.

For extended prediction we include UR for mode 1 and similarly DL for mode 5.

3 Block Scan Orders

The TML block scan order for 4x4 blocks in Intra prediction is depicted in Figure 3. Each 4x4 block has a number of adjacent, previously coded blocks that may be used for prediction. For situations where prediction from blocks above is better than from those to the left, it is more advantageous to scan the blocks row by row. This way the number of blocks to predict from is maximized. Similarly, if the prediction is better from the left than from above, the best choice is to scan the blocks column by column (see Figure 3).


Figure 3. Different block orders of 4x4 luma blocks within a macroblock. 

4 Results

We have extended the predicton modes 1 and 5 of TML-4 as described above. Furthermore, we have implemented the two new block orders row by row and column by column. The choice of block order for each macroblock is based upon its left and top neighbors. If the left macroblock is available for prediction, the blocks are scanned column by column. On the other hand, if the top macroblock is available for prediction, the blocks are scanned row by row. If both cases apply, we use a majority decision based on the prediction modes of the neighboring 4x4 blocks.

The enclosed curves for PSNR versus bit usage are calculated for the first picture of each sequence. They compare TML-4 with extended prediction and with the combination of extended prediction and adapted block orders. The gain may seem modest: 0.25 to 0.4dB (5% bits saved) for Foreman QCIF and less for other sequences. However, this is to a large extent due to the limited number of extended prediction modes. Note that we have only included a minor extension to the existing modes of TML-4.

As Intra prediction for TML is further improved (for instance by implementing modes from MVC that includes extended prediction) the extra gain from optimizing block orders will be further increased.
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foreman

		

		TML-4:

		QP		bits		PSNR (dB)

		d:\seqs\h26l\foreman_qcif.yuv

		10		43570		41.9

		12		35617		40.47

		14		28952		39.03

		16		23862		37.74

		18		19634		36.16

		20		15804		34.82

		22		12983		33.41

		24		10079		31.89

		26		8307		30.64

		28		6573		29.1

		Extended prediction:

		d:\seqs\h26l\foreman_qcif.yuv

		10		43186		41.91

		12		35258		40.45

		14		28663		39.04

		16		23319		37.66

		18		19516		36.16

		20		15395		34.69

		22		12576		33.35

		24		9622		31.89

		26		8066		30.56

		28		6382		29.01

		Adapted orders and Extended prediction:

		d:\seqs\h26l\foreman_qcif.yuv

		10		42716		41.91

		12		34805		40.5

		14		28277		39.02

		16		23153		37.72

		18		19294		36.21

		20		15453		34.75

		22		12424		33.39

		24		9713		31.95

		26		7812		30.45

		28		6266		29.12
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silent

		

		TML-4:

		QP		bits		PSNR (dB)

		d:\seqs\h26l\silent_qcif.yuv

		10		56836		41.31

		12		46248		39.79

		14		37399		38.31

		16		30083		36.79

		18		24293		35.32

		20		19368		34.01

		22		15397		32.66

		24		11895		31.4

		26		9256		30.18

		28		7255		28.81

		Extended prediction:

		d:\seqs\h26l\silent_qcif.yuv

		10		56708		41.34

		12		46195		39.76

		14		37232		38.27

		16		29954		36.75

		18		23982		35.29

		20		19164		33.95

		22		15385		32.65

		24		11774		31.34

		26		9217		30.13

		28		7137		28.76

		Adapted orders and Extended prediction:

		d:\seqs\h26l\silent_qcif.yuv

		10		56627		41.33

		12		46116		39.8

		14		37281		38.29

		16		29897		36.78

		18		24180		35.29

		20		19264		33.95

		22		15344		32.66

		24		11703		31.37

		26		9190		30.11

		28		7199		28.78
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news

		

		TML-4:

		QP		bits		PSNR (dB)

		d:\seqs\h26l\news_qcif.yuv

		10		53419		42.42

		12		46032		41.07

		14		38338		39.46

		16		32228		37.93

		18		27534		36.29

		20		23048		34.88

		22		19110		33.3

		24		16020		31.71

		26		13140		30.24

		28		10341		28.64

		Extended prediction:

		d:\seqs\h26l\news_qcif.yuv

		10		53328		42.42

		12		45872		41.01

		14		38261		39.46

		16		32110		37.97

		18		27480		36.3

		20		22830		34.87

		22		19085		33.23

		24		15935		31.69

		26		13131		30.27

		28		10313		28.69

		Adapted orders and Extended prediction:

		d:\seqs\h26l\news_qcif.yuv

		10		53277		42.44

		12		45886		41.04

		14		38304		39.48

		16		32056		37.97

		18		27372		36.27

		20		23006		34.88

		22		19040		33.19

		24		15879		31.66

		26		13079		30.23

		28		10371		28.7
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		TML-4:

		QP		bits		PSNR (dB)

		d:\seqs\h26l\container_qcif.yuv

		10		49955		41.62

		12		41775		40.26

		14		34472		38.88

		16		28489		37.47

		18		23825		35.99

		20		19684		34.68

		22		16135		33.18

		24		13303		31.53

		26		10648		30.24

		28		8271		28.65

		Extended prediction:

		d:\seqs\h26l\container_qcif.yuv

		10		49926		41.63

		12		41734		40.26

		14		34408		38.82

		16		28539		37.5

		18		23835		36.02

		20		19595		34.63

		22		16143		33.22

		24		13401		31.63

		26		10743		30.24

		28		8082		28.66

		Adapted orders and Extended prediction:

		d:\seqs\h26l\container_qcif.yuv

		10		49866		41.6

		12		41734		40.28

		14		34384		38.84

		16		28463		37.47

		18		23748		35.99

		20		19533		34.69

		22		16093		33.19

		24		13332		31.55

		26		10735		30.32

		28		8075		28.64
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