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The proposal of [1] includes a Coded Block Pattern (CBP) that contains information of which 8x8 blocks - luma and chroma - contain transform coefficients.  Notice that an 8x8 block contains 4 4x4 blocks meaning that the statement '8x8 block contains coefficients' means that 'one or more of the 4 4x4 blocks contain coefficients'.  No information is given about which of the 4x4 blocks are skipped.  Skipped 4x4 blocks are coded using an initial EOB symbol.  Thus, the EOB symbol serves two purposes signalling the end of a run of coded coefficients and signalling a skipped 4x4 block.  In the current proposal the UVLC assigns a 1-bit codeword to EOB in both cases.  The dual use of EOB limits the freedom of designing a VLC to represent coefficient data.  We propose a 4x4 CBP to signal which 4x4 blocks of an 8x8 block are skipped. .  The advantage is we can now modify the VLC for coefficient data without altering the bits used to signal skipped 4x4 blocks. We introduce the 4x4 CBP without changing the number of bits used for coding by removing the initial EOBs and modifying the coding of the initial symbol in a block that is not skipped, 

Coded Block Pattern 4x4 (CBP4x4)

The symbol CBP4x4 contains information of which 4x4 blocks of an 8x8 block contain transform coefficients. The existing CBP is composed of two parts CBP = CBPY + 16xnc.  CBPY signals the presence of nonzero coefficients in 8x8-luminance blocks while nc signals the presence of coefficients in the 8x8 chrominance blocks U and V.  In our modification, the existing CBP is used to signal the presence of a CBP4x4. When present, a 0 in position n of CBP4x4 (binary representation) means that the corresponding 4x4 block has no coefficients whereas a 1 means that the 4x4 block has one or more non-zero coefficients.  The ordering of 8x8 blocks is given in [1] the order of 4x4 sub-blocks is shown in Figure 1.  
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Figure 1 Order of 4x4 sub-blocks
For luminance data, CBP4x4 is present for each 8x8 block that contains coefficients as signaled by CBPY.  Up to 4 CBP4x4 symbols are sent one for each 1 bit of CBPY.

For chrominance data, nc is used to signal the presence of a pair of CBP4x4 symbols.

· nc=0: no chroma coefficients at all. No CBP4x4.

· nc=1: There are nonzero 2x2 transform coefficients.  All chroma AC coefficients = 0.  Therefore we do not send any EOB for chroma AC coefficients and no CBP4x4.

· nc=2: There may be 2x2 nonzero coefficients and there is at least one nonzero chroma AC coefficient present.  In this case we need to send two CBP4x4 symbols (the first for U and the second for V) Up to 8 EOBs are needed one for each coded 4x4 block.

The modified syntax is shown inFigure 2.

Bit usage

Since one value of CBP4x4 is signalled by the original CBP, there are 15 CBP4x4 values that must be signalled.  These can be signalled using a 4-bit fixed length code Table 1 that adds four additional bits per macroblock.  

Table 1CBP4x4 fixed length codewords 

1xxx

01xx

001x

0001

To offset the bits used by CBP4x4 we have the following changes:

· The EOB symbol for skipped 4x4 blocks is removed.  EOB is never the first symbol of a block of transform coefficients.

· The first non-zero coefficient of a block is coded differently, Table 2
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Table 2.  Since EOB does not occur as the symbol of a block containing coefficients, the VLC for the first codeword is modified. The 1-bit codeword is removed.  For other codewords, the last data bit is moved behind the terminating 1-bit and the last 0-synch bit is deleted.  This gives a saving of 1-bit per codeword. For remaining coefficients the original UVLC is used.  An equivalent VLC using configuration [2,4,8,16,32,64] based on the method of [2] is also presented.  In this case, all data bits are moved to the rear of the codeword. The compression performance of both codes is identical.
Table 2 First coefficient 

Non-EOB VLC
[2,4,8,16,32,64]

1x,
1x,

0x1x,
01xx,

0x0x1x
001xxx,

…
…

For skipped 4x4 blocks we save one bit by removing the EOB symbol.  For non-skipped blocks one bit is saved in the coding of the first non-zero coefficient.  In total we save 4 bits on coefficient data and the number of bits used remains identical. The burden of using the EOB symbol to signal skipped blocks is removed from further VLC design. 

These results can be improved through the use of entropy coding.  The CBP4x4 values can be organized by the number of blocks they.  An entropy code should respect this structure.  One important choice is the interpretation of the absence of CBP4x4.  Above, CBP4x4 is absent when all four blocks are skipped.  This assumes this is the most probable value of CBP4x4.  When this assumption does not hold and the probability of coding all four blocks is highest, we invert the meaning of the bits of CBP4x4.  A missing CBP4x4 implies all blocks are coded while a 1-bit in CBP4x4 signals that a block is skipped rather than coded.  We conducted a simple experiment to show the room for improvement.  We counted the frequency of symbols for the first nonzero coefficient and the remaining coefficients.  As shown above we can easily save 1-bit in coding the first nonzero coefficients.  Removing the initial EOB symbols from statistics for the remaining coefficients shows the UVLC can be improved for coding these symbols can be slightly improved as well Figure 2.  These results are preliminary, but the 1-bit savings for the first non-zero coefficient holds in general.  Additional gains are possible using entropy coding.

Table 3 Comparison of VLCs for coefficient coding


First non-zero
Remaining

Entropy
4.04
3.51

UVLC Redundancy
5.20
3.68

Non-EOB VLC
4.20
--

Modified syntax

The syntax is modified slightly to include a 4x4CBP as signaled by the current CBP values, Figure 2.
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Figure 2 Diagram of Modified Syntax

Conclusions

The current CBP references only 8x8 blocks.  The pattern of skipped 4x4 blocks can be included without additional overhead by making use of the fact that EOB is not the first symbol of a non-skipped block. Including this information frees the VLC design form handling initial EOB symbols creating more room for optimization. 
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