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Addition of Alpha Channel to AVC/H.264 Frext

We propose the addition of an optional Alpha Channel to AVC/H.264 Frext.  In Munich it was decided to use the AVC/H.264  luma coding algorithm to code the alpha channel. Here we propose sending the coded alpha channel with the video in order to keep the two together for ease of management, transport and so on.

We propose delimiting the alpha channel at the NAL layer in order to facilitate its optional nature.  In coded video sequences that include alpha, there would be one alpha picture for every primary coded (luma-chroma) picture, and the coded alpha picture would be contained in the same access unit as its corresponding primary coded picture.  The alpha coded slice NAL units of each access unit would be sent after the NAL units of the primary coded picture and redundant coded pictures, if any.  The presence or absence of the alpha NAL units would not affect the decoding of the remaining NAL units in any way. 

For HRD purposes, alpha coded slice NAL units would be considered as non-VCL NAL units belonging to the same access unit as its corresponding primary coded picture. 

Some restrictions would be placed on how the alpha pictures are coded.  These include:

1. If the primary coded picture is an IDR picture then the alpha picture shall be inferred to be an alpha IDR picture with the same idr_pic_id. 

2. An alpha picture shall contain all macroblocks of a complete coded picture.

3. redundant_pic_id shall be equal to 0 in an alpha slice.

4. The chroma format of monochrome shall be inferred for an alpha slice.

5. The bit depth and the opaque/transparency alpha values of the luma component of an alpha slice are specified by the sequence parameter set extension rather than the sequence parameter set.

6. In all other ways the coding of alpha pictures shall follow the constraints specified for redundant coded pictures.

We propose the following additions to the FRExt Amendement. 

In Table 7-1, replace the row:

	13..23
	Reserved
	


with the following four rows:

	13
	Sequence parameter  set extension
	0

	14..18
	Reserved
	

	19
	Coded Slice of an alpha picture without partitioning
	2,3,4

	20..23
	Reserved
	


add the following section

--------------------------------

7.3.2.12  Sequence parameter set extension syntax:

	seq_parameter_set_extension_rbsp ( ) {
	C
	Descriptor

	
seq_parameter_set_id
	0
	ue(v)

	
alpha_format_idc
	0
	ue(v)

	
if( alpha_format_idc != 0 ){
	
	

	

bit_depth_alpha_minus8
	0
	ue(v)

	

alpha_opaque_value
	0
	u(v)

	

alpha_transparent_value
	0
	u(v)

	
}
	
	

	
additional_extension_flag
	0
	u(1)

	
rbsp_trailing_bits()
	0
	

	}
	
	


----------------------------------

In Section 7.4.1.2.3 Order of NAL units and coded pictures and association to access units, replace the following text

-------------------------

· When an end of sequence NAL unit is present, it shall follow the primary coded picture and all redundant coded pictures (if any).

-------------------------

with the following 

-------------------------

· When a sequence parameter set extension NAL unit is present, it shall be the next NAL unit after the associated sequence parameter set NAL unit.  Both NAL units shall have the same value of seq_parameter_set_id .  For purposes of activation, it shall be considered part of the associated sequence parameter set.

· When an alpha coded picture is present, it shall follow the primary coded picture and all redundant coded pictures (if any) of the same access unit.  If any access unit of the sequence contains an alpha coded picture, then each access unit of the sequence shall contain exactly one alpha coded picture.  NAL units of an alpha coded picture shall be considered non-VCL NAL units. 

· When an end of sequence NAL unit is present, it shall follow the primary coded picture and all redundant coded pictures (if any) and the alpha coded picture (if any) of the same access unit.

------------------------

replace Figure 7-1 and its caption with the following-

--------------------------


[image: image1.wmf]
Figure 7‑1 – The structure of an access unit not containing any NAL units with nal_unit_type equal to 0, 7, 8, or in the range of 12 to 18 or 20 to 31, inclusive

--------------------------

Add the following section

-------------------------------

7.4.2.12 Sequence parameter set extension RBSP semantics
seq_parameter_set_id  identifies the sequence parameter set that is extended by the sequence parameter set extension.  The value of seq_parameter_set_id shall be in the range of 0 to 31, inclusive.
alpha_format_idc equal to 0 indicates that there are no alpha pictures in this sequence. alpha_format_idc equal to 1 indicates that exactly one alpha picture exists in each access unit of the sequence, and that the associated video picture in this access unit should be multiplied by the alpha picture in this access unit after output.  alpha_format_idc equal to 2 indicates that exactly one alpha picture exists in each access unit of the sequence, and that the associated video picture in this access unit should not be multiplied by the alpha picture in this access unit after output. The value of alpha_format_idc shall be in the range of 0 to 2, inclusive.

bit_depth_alpha_minus8 specifies the bit depth of the samples of the alpha array.  bit_depth_alpha_minus8 shall be in the range of 0 to 4, inclusive.

alpha_opaque_value specifies the value of an alpha sample for which the associated luma and chroma samples of the same access unit are opaque. The size of the alpha_opaque_value syntax element is bit_depth_alpha_minus8+8 bits.

alpha_transparent_value specifies the value of an alpha sample for which the associated luma and chroma samples of the same access unit are transparent. The size of the alpha_transparent_value syntax element is bit_depth_alpha_minus8+8 bits.

NOTE – alpha_opaque_value may be greater than alpha_transparent_value, or it may be less than alpha_transparent_value. Decoded alpha sample values would normally be clipped to the range of alpha_opaque_value to alpha_transparent_value, inclusive.  

Decoding of alpha pictures is optional.  NAL units having nal_unit_type 19 may be discarded without affecting the decoding of the remaining NAL units. 

A coded slice of any alpha coded picture shall obey the same constraints as a coded slice of a redundant picture, with the following exceptions. 

· If the associated primary coded picture is an IDR picture, then the alpha coded picture is inferred to also be an IDR picture to be decoded as if it had nal_unit_type = 5.  An alpha coded IDR picture shall have the same idr_pic_id value as the associated primary coded picture. If the associated primary coded picture is a non-IDR picture, then the alpha coded picture is inferred to also be a non-IDR picture to be decoded as if it had nal_unit_type = 1.

· Decoded slices within the same alpha picture shall cover the entire picture area and shall not overlap. 

· An alpha picture shall contain all macroblocks of a complete coded picture.

· redundant_pic_id shall be equal to 0 in an alpha slice.

· The chroma format of monochrome shall be inferred for an alpha slice.

The optionally decoded alpha pictures are decoded as if they were all contained in a separate video stream using the same syntax and semantics as the luma with bit_depth_luma_minus8 replaced by bit_depth_alpha_minus8 and subject to the above restrictions.  

NOTE –Alpha composition is normally performed with a background picture B, a foreground picture F, and an alpha picture A, all of the same size.  We assume that the chroma of B and F have been upsampled to the same resolution as luma.  We denote corresponding samples of B, F and A by b, f and a, respectively.  We denote luma and chroma samples by subscripts Y, Cb and Cr.

We define the variable AlphaRange as follows:





AlphaRange = alpha_opaque_value - alpha_transparent_value
Thus, in alpha composition samples d of the displayed picture D might be calculated as


dY  = ( (a - alpha_transparent_value)*fY + (alpha_opaque_value - a)*bY + AlphaRange/2 ) / AlphaRange


dCB = ( (a - alpha_transparent_value)*fCB + (alpha_opaque_value - a)*bCB + AlphaRange/2 ) / AlphaRange


dCR = ( (a - alpha_transparent_value)*fCR + (alpha_opaque_value - a)*bCR + AlphaRange/2 ) / AlphaRange

The samples of pictures D, F and B could also represent red, green and blue component values (see E.2.1).  Here we have assumed Y, Cb and Cr component values.  A component, e.g. Y, is assumed to have the same bit depth in each of the pictures D, F and B.  However, different components, e.g. Y and Cb, need not have the same bit depth. 

If alpha_format_idc = 1, then F would be the decoded picture obtained from the decoded luma and chroma, and A would be the decoded picture obtained from the decoded alpha. In this case, alpha composition requires that samples of F be multiplied by samples of A.

A picture format that is useful for editing or direct viewing, and that is commonly used, is called pre-multiplied black video.  If the foreground picture was F, then the pre-multiplied black video S is given by





sY  = ( (a - alpha_transparent_value)*fY  ) / AlphaRange





sCB = ( (a - alpha_transparent_value)*fCB) / AlphaRange





sCR = ( (a - alpha_transparent_value)*fCR) / AlphaRange

Pre-multiplied black video has the characteristic that the picture S will appear correct if displayed against a black background.  For a non-black background B, the composition of the displayed picture D might be calculated as




dY  = sY + ( (alpha_opaque_value - a)*bY + AlphaRange/2 ) / AlphaRange




dCB = sCB + ( (alpha_opaque_value - a)*bCB + AlphaRange/2 ) / AlphaRange




dCR = sCR + ( (alpha_opaque_value - a)*bCR + AlphaRange/2 ) / AlphaRange

If alpha_format_idc = 2, then S would be the decoded picture obtained from the decoded luma and chroma, and A would again be the decoded picture obtained from the decoded alpha.  In this case, alpha composition does not require that samples of S be multiplied by samples of A.

Note that if the pre-multiplied black video S is further processed, for example by filtering or enhancement operations, to obtain a processed pre-multiplied black video S´, then the possibility of composition overflow must be taken into account.  In particular, the luma of S´ should not increase to the point where the composed luma would overflow, and the chroma of S´ should not increase to the point where the corresponding composed red, green or blue components would overflow. 

For red, green, blue composition a simple restriction may be used.  Let MaxPel be the maximum value of the red, green, blue components (also usually equal to the maximum value of luma).  Then any possible overflow of the composition is avoided by enforcing the following restriction for every sample of each red, green, blue component:





s´ <  (a*MaxPel) / AlphaRange

Another alternative is to wait until the actual composition, and clip the composed image. 

additional_extension_flag equal to 0 indicates that no additional data follows within the sequence parameter set extension syntax structure prior to the RBSP trailing bits.  The value of additional_extension_flag shall be equal to 0 in bitstreams conforming to this Recommendation | International Standard.  The value of 1 for additional_extension_flag is reserved for future use by ITU‑T | ISO/IEC.  Decoders that conform to this Recommendation | International Standard shall ignore (remove from the bitstream and discard without effect on the decoding process) all data that follows the value of 1 for additional_extension_flag in a sequence parameter set extension NAL unit.

------------------------------------
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