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Introduction
At the Porto Seguro meeting, Ericsson proposed a constrained intra prediction for H.26L in order to allow refresh of intra macroblocks in P frames. The proposal (D.154) was accepted and is now implemented as an option in TML 8.4. 

However, a question concerning the signaling of intra prediction modes in H.26L was raised. In the current design (with or without constrained intra prediction), there are some gaps in the VLC table when not all prediction modes are available.

In this informative contribution we report that the bitrate increase due to these gaps in the VLC table is only marginal, between zero and 0.07% for the worst-case scenario. On the other hand, removing the gaps in the VLC table leads to a less clean design with several new look-up tables.

As changing the VLC table only gives a marginal bitrate reduction at the price of a less clean design, we refrain from proposing this change.

Current H.26L implementation

Each 4x4 block in an intra-coded macroblock has an intra prediction mode: 0 (DC) or 1-5 (directional prediction modes):


The intra prediction mode itself is predicted from the neighboring blocks if present. The mode of the current block (C) is predicted from the modes of the block to the left (L) and the block above (U): 
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Furthermore, the predicted modes are coded two-by-two into one UVLC codeword.

Example of coding near a corner

As an example of a possible gap in the VLC table, let us see how intra prediction modes are coded when no predictions can be made for the first block of a macroblock. This occurs for a macroblock located at the top left corner of a frame, at the beginning of a slice, or in the case of constrained intra prediction: surrounded by inter macroblocks.

As the first block has no available neighbors (L and U are missing), it is predicted to be DC coded. The next block will have one neighbor to the left (L available, U missing) and can thus also be predicted in one of two directions, modes 4 and 5. This gives the following possible combinations for the first two blocks (in descending probability order):

	Block 1
	Block 2
	Modes (predicted)

	DC (mode 0)
	DC (mode 0)
	00

	DC (mode 0)
	Horizontal (mode 4)
	01

	DC (mode 0)
	Tilted Horizontal (mode 5)
	02


The last column indexes the predicted modes which are are coded as one UVLC codeword. In the current H.26L design, the corresponding UVLC codewords have indices 0, 1, and 3. Hence, the 02 combination is coded with index 3 instead of index 2, resulting in a 2 bit longer codeword than necessary. However, the combined coding of two blocks is optimal for the two most common possibilities.

Similarly, blocks at a left edge or top edge of a frame or slice (or next to inter macroblocks) will have restrictions on accessible prediction modes. By identifying these cases, refined coding tables can be applied. Although the indices are shifted, only a few combinations will actually be replaced by shorter codewords.

Results

Refined coding tables covering all cases of the above intra prediction modes have been implemented in TML5.91. In order to see the maximum effect, only the first frame (intra) of each sequence has been coded and prediction has been limited to a maximum by placing each macroblock in its own slice. The bit savings are very modest as can be seen the table below.


Table: Percentage bits saved at different quantizers. Zero means no difference.

.

	Sequence
	QP28
	QP24
	QP20 
	QP16

	Container QCIF
	0
	0.010
	0.039
	0.017

	Foreman QCIF
	0
	0.034
	0.034
	0.055

	News QCIF
	0.012
	0.044
	0.068
	0.045

	Silent QCIF
	0
	0.011
	0.047
	0.065

	Paris CIF
	0.055
	0.055
	0.050
	0.047

	Mobile CIF
	0.045
	0.052
	0.056
	0.043

	Tempete CIF
	0.020
	0.031
	0.042
	0.049
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