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Abstract
Based on a study of the text of the OMI SEI message, a number of small changes are proposed to improve clarity of the design, summarized as follows.
· Item 1: Require non-zero width and height of bounding boxes
· Item 2: Clarify that bounding box parameters are in units of chroma samples
· Item 3: Clarify that the mask mapping process uses luma samples
· Item 4: Require that cropped width and height of the auxiliary pictures be equal to those of the primary picture
· Item 5: Allow different luma bit-depths for the primary layer and the object mask auxiliary layers
All proposed changes to VSEI are included in the attachment, which is a marked version of the VSEI v4 specification text of the object mask information SEI message.
Proposals
Item 1: Require non-zero width and height of bounding boxes
The values of the width and height of the mask bounding boxes, omi_mask_width[ i ][ j ] and omi_mask_height[ i ][ j ] are currently allowed to be equal to 0. If one or both of those values is equal to 0, the mask mapping process does not allow any samples to be mapped to mask index j, due to the conditions in the current semantics highlighted below in cyan.
It is proposed to change the omi_mask_width[ i ][ j ] and omi_mask_height[ i ][ j ] syntax elements to be omi_mask_width_minus1[ i ][ j ] and omi_mask_height_minus1[ i ][ j ] so that the value 0 is not allowed. 
It is noted that the annotated regions SEI message allows width and height of bounding boxes to be equal to 0. During development of the annotated regions SEI message, a potential use case discussed was to indicate a position of something like a cursor that was not directly included in the video samples. Such a use case is asserted to not be relevant for object masks which have a much more specific usage, and it is unclear how a receiver should interpret bounding box parameters with width or height of zero.
Current semantics
[bookmark: _Hlk190416827]for( i = 0; i < omi_num_aux_pic_layer_minus1; i++ )
	for( j = 0; j < omi_num_mask_in_pic[ i ]; j++ )
		if( x  >=  omi_mask_left[ i ][ j ] &&
			x < omi_mask_left[ i ][ j ] + omi_mask_width[ i ][ j ] &&	(102)
			y  >=  omi_mask_top[ i ][ j ] &&
			y < omi_mask_top[ i ][ j ] + omi_mask_height[ i ][ j ] && 
			pI[ i ][ x ][ y ]  = =  omi_aux_sample_value [ i ][ j ] )
				the sample at location (x, y) of the current primary picture is associated with an object mask 				identified by MaskId[ i ][ j ]

Proposed syntax 

	[bookmark: _Hlk190700308]…
	

						if( omi_mask_bounding_box_present_flag[ i ][ j ] ) {
	

							omi_mask_top[ i ][ j ]
	u(16)

							omi_mask_left[ i ][ j ]
	u(16)

							omi_mask_width_minus1[ i ][ j ]
	u(16)

							omi_mask_height_minus1[ i ][ j ]
	u(16)

						}
	

	…
	



Proposed semantics are provided in the attachment.

Item 2: Clarify that bounding box parameters are in units of chroma samples
The text below highlighted in cyan is unclear regarding if the bounding box parameters are signalled in units of luma samples or chroma samples. The range constraints and inference values refer to SubWidthC and SubHeightC, but the mask mapping process refers to sample location (x, y) in the cropped picture.
It is proposed to clarify that the syntax elements are expressed in units of chroma samples. It is also proposed to update the mask mapping process to multiply the signaled width and height by SubWidthC and SubWidthH, respectively.
Current semantics, with relevant aspects in cyan
omi_mask_top[ i ][ j ] and omi_mask_left[ i ][ j ] specify the x and y coordinates of the top-left corner, respectively, of the bounding box of the j-th object mask of the i-th object mask auxiliary layer associated with the current primary layer, relative to the top-left luma sample of the cropped decoded picture. 
The value of omi_mask_left[ i ][ j ] shall be in the range of 0 to ( CroppedWidth / SubWidthC − 1 ), inclusive. When it is not present, the value of omi_mask_left[ i ][ j ] is inferred to be 0.
The value of omi_mask_top[ i ][ j ] shall be in the range of 0 to ( CroppedHeight / SubHeightC − 1 ), inclusive. When it is not present, the value of omi_mask_top[ i ][ j ] is inferred to be 0.
omi_mask_width[ i ][ j ] and omi_mask_height[ i ][ j ] specify the width and height, respectively, of the bounding box of the j-th object mask of the i-th object mask auxiliary layer associated with the current primary layer.
The value of omi_mask_width[ i ][ j ] shall be in the range of 0 to ( CroppedWidth / SubWidthC − omi_mask_left[ i ][ j ] ), inclusive. When it is not present, the value of omi_mask_width [ i ][ j ] is inferred to be ( CroppedWidth / SubWidthC − omi_mask_left[ i ][ j ] ).
The value of omi_mask_height[ i ][ j ] shall be in the range of 0 to ( CroppedHeight / SubHeightC − omi_mask_top[ i ][ j ] ), inclusive. When it is not present, the value of omi_mask_height [ i ][ j ] is inferred to be ( CroppedHeight / SubWidthC − omi_mask_top[ i ][ j ] ).
The identified object mask is within a bounding box containing luma samples with horizontal coordinates from SubWidthC * omi_mask_left[ i ][ j ]  to SubWidthC * ( omi_mask_left[ i ][ j ] + omi_mask_width[ i ][ j ] ) − 1, inclusive, relative to the leftmost luma sample column of the cropped decoded picture and vertical coordinates from SubHeightC * omi_mask_top[ i ][ j ]  to SubHeightC * ( omi_mask_top[ i ][ j ] + omi_mask_height[ i ][ j ] ) − 1, inclusive, relative to the topmost luma sample row of the cropped decoded picture.
Variable pI[ i ] [ x ][ y ] is the decoded value of the sample at the relative sample location (x, y) in the cropped picture of the i-th auxiliary layer associated with the current primary layer. The mask area is determined as follows.
for( i = 0; i < omi_num_aux_pic_layer_minus1; i++ )
	for( j = 0; j < omi_num_mask_in_pic[ i ]; j++ )
		if( x  >=  omi_mask_left[ i ][ j ] &&
			x < omi_mask_left[ i ][ j ] + omi_mask_width[ i ][ j ] &&	(102)
			y  >=  omi_mask_top[ i ][ j ] &&
			y < omi_mask_top[ i ][ j ] + omi_mask_height[ i ][ j ] && 
			pI[ i ][ x ][ y ]  = =  omi_aux_sample_value [ i ][ j ] )
				the sample at location (x, y) of the current primary picture is associated with an object mask 				identified by MaskId[ i ][ j ]
Proposed semantics
omi_mask_top[ i ][ j ] and omi_mask_left[ i ][ j ] specify the x and y coordinates of the top-left corner, respectively,  in chroma samples, of the bounding box of the j-th object mask of the i-th object mask auxiliary layer associated with the current primary layer, relative to the top-left luma sample of the cropped decoded picture. 
The value of omi_mask_left[ i ][ j ] shall be in the range of 0 to ( CroppedWidth / SubWidthC − 1 ), inclusive. When it is not present, the value of omi_mask_left[ i ][ j ] is inferred to be 0.
The value of omi_mask_top[ i ][ j ] shall be in the range of 0 to ( CroppedHeight / SubHeightC − 1 ), inclusive. When it is not present, the value of omi_mask_top[ i ][ j ] is inferred to be 0.
omi_mask_width[ i ][ j ] and omi_mask_height[ i ][ j ] specify the width and height, respectively, in chroma samples, of the bounding box of the j-th object mask of the i-th object mask auxiliary layer associated with the current primary layer.
The value of omi_mask_width[ i ][ j ] shall be in the range of 0 to ( CroppedWidth / SubWidthC − omi_mask_left[ i ][ j ] ), inclusive. When it is not present, the value of omi_mask_width [ i ][ j ] is inferred to be ( CroppedWidth / SubWidthC − omi_mask_left[ i ][ j ] ).
The value of omi_mask_height[ i ][ j ] shall be in the range of 0 to ( CroppedHeight / SubHeightC − omi_mask_top[ i ][ j ] ), inclusive. When it is not present, the value of omi_mask_height [ i ][ j ] is inferred to be ( CroppedHeight / SubWidthC − omi_mask_top[ i ][ j ] ).
The identified object mask is within a bounding box containing luma samples with horizontal coordinates from SubWidthC * omi_mask_left[ i ][ j ]  to SubWidthC * ( omi_mask_left[ i ][ j ] + omi_mask_width[ i ][ j ] ) − 1, inclusive, relative to the leftmost luma sample column of the cropped decoded picture and vertical coordinates from SubHeightC * omi_mask_top[ i ][ j ]  to SubHeightC * ( omi_mask_top[ i ][ j ] + omi_mask_height[ i ][ j ] ) − 1, inclusive, relative to the topmost luma sample row of the cropped decoded picture.
Variable pI[ i ][ x ][ y ] is the decoded value of the sample at the relative sample location (x, y) in the cropped picture of the i-th auxiliary layer associated with the current primary layer. The mask area is determined as follows.
for( i = 0; i < omi_num_aux_pic_layer_minus1; i++ )
	for( j = 0; j < omi_num_mask_in_pic[ i ]; j++ )
		if( x  >=  omi_mask_left[ i ][ j ] * SubWidthC &&
			x < ( omi_mask_left[ i ][ j ] + omi_mask_width[ i ][ j ] ) * SubWidthC &&	(102)
			y  >=  omi_mask_top[ i ][ j ] * SubHeightC &&
			y < ( omi_mask_top[ i ][ j ] + omi_mask_height[ i ][ j ] ) * SubHeight && 
			pI[ i ][ x ][ y ]  = =  omi_aux_sample_value [ i ][ j ] )
				the sample at location (x, y) of the current primary picture is associated with an object mask 				identified by MaskId[ i ][ j ]

Item 3: Clarify that the mask mapping process uses luma samples
The mask mapping process is the semantics refers to “decoded value of the sample at the relative sample location (x, y).” It is proposed to clarify that the process applies to luma samples. 
It is noted that there is no restriction that the auxiliary pictures be monochrome, so referring to samples is imprecise.
Proposed semantics
Variable pI[ i ][ x ][ y ] is the decoded value of the luma sample at the relative sample location (x, y) in the cropped picture of the i-th auxiliary layer associated with the current primary layer. The mask area is determined as follows.

Item 4: Require that cropped width and height of the auxiliary pictures be equal to those of the primary picture and that auxiliary picture is present
[bookmark: _Hlk190705448][bookmark: _Hlk190705372]The semantics appear to assume that when an OMI SEI message persists, that whenever a primary layer picture is present in an AU, a picture for each associated object mask auxiliary layers is also present in the AU, but there is no such requirement stated. It is proposed to add a conformance requirement that all AUs containing a primary picture where an OMI SEI message applies shall also contain a picture in all associated object mask auxiliary layers described by the OMI SEI message.
The semantics also appear to assume that the cropped decoded picture sizes of the primary layer pictures and auxiliary layer pictures are the same, but there is no such requirement stated. It is proposed to add a conformance requirement that the cropped width and height of all object mask auxiliary pictures be equal to the cropped width and height of the primary picture.
Because the OMI SEI message is carried in the primary picture PU, the VVC interface variables for the cropped width and height are for the primary picture.  It is proposed to modify the interface to include the cropped width and height for the primary picture and all of the auxiliary pictures described by the OMI SEI message. The omiNumAuxLayer and omiAuxLayerId[ i ] are modified to be global variables OmiNumAuxLayer and OmiAuxLayer[ i ] so that they can be referenced in the VVC interface text.]
Proposed semantics in VSEI
Use of this SEI message requires the definition of the following variables:
–	A bit depth for the samples of the luma component, denoted herein by BitDepthY.
[bookmark: _Hlk193109770]–	A cropped picture width and picture height in units of luma samples, denoted herein by CroppedWidth[ lId ] and CroppedHeight[ lId ], respectively, for lId equal to the layer identifier value of the primary layer and the layer identifier values of the associated object mask auxiliary layers.
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in clause 7.3.
The variables SubWidthC and SubHeightC are derived from ChromaFormatIdc as specified by Table 2.
[Ed. Changing omiNumAuxLayer and omiAuxLayerId[ i ] to be global variables OmiNumAuxLayer and OmiAuxLayer[ i ] are shown in the attached modified specification, but not here..]The variable omiNumAuxLayer indicating the number of object mask auxiliary layers associated with the current primary layer and the array omiAuxLayerId[ i ] indicating the layer identifier of the i-th object mask auxiliary layer associated with the current primary layer are derived as follows.
omiNumAuxLayer = 0;
for( i = 0; i <= sdi_max_layers_minus1; i++ )
	if( sdi_aux_id[ i ] = = AUX_OBJECT_MASK )
		for( j = 0; j <= sdi_num_associated_primary_layers_minus1[ i ]; j++ )									(100)
			if( sdi_layer_id[ sdi_associated_primary_layer_idx[ i ][ j ] ]  = =  omiPrimaryLayerId ) {
				omiAuxLayerId[ omiNumAuxLayer ] = sdi_layer_id[ i ]
				omiNumAuxLayer++;
			}
where omiPrimaryLayerId is the layer identifier of the current primary layer.
[bookmark: _Hlk190425152]It is a requirement of bitstream conformance that when an OMI SEI message persists for a picture picA in the current primary layer, the AU that contains picA shall contain an auxiliary picture with layer identifier equal to omiAuxLayerId[ i ] for i in the range of 0 .. omiNumAuxLayer − 1, inclusive.
It is a requirement of bitstream conformance that the values of CroppedWidth[ lId ] and CroppedHeight[ lId ] for all lId equal to omiAuxLayerId[ i ] for i in the range of 0 .. omiNumAuxLayer − 1, inclusive, shall be equal to the values of CroppedWidth[ omiPrimaryLayerId ] and CroppedHeight[ omiPrimaryLayerId ], respectively. 

Proposed semantics in VVC

For purposes of interpretation of the object mask information SEI message for an AU that includes a picture for which the OMI SEI message applies, the following variables are specified:
–	BitDepthY is set equal to BitDepth.
–	CroppedWidth[ lId ] for lId equal to nuh_layer_id of the SEI NAL unit that contains this SEI message or OmiAuxLayerId[ i ] for all values of i in the range of 0 .. OmiNumAuxLayer − 1, inclusive, is set equal to (  pps_pic_width_in_luma_samples  –  SubWidthC  *  (  pps_conf_win_left_offset + pps_conf_win_right_offset  ) ) for the PPS that applies to the coded picture with nuh_layer_id equal to lId in the AU.
–	CroppedHeight[ lId ] for lId equal to nuh_layer_id of the SEI NAL unit that contains this SEI message or OmiAuxLayerId[ i ] for all values of i in the range of 0 .. OmiNumAuxLayer − 1, inclusive, is set equal to (  pps_pic_height_in_luma_samples  −  SubHeightC  *  (  pps_conf_win_top_offset + pps_conf_win_bottom_offset  ) ) for the PPS that applies to the coded picture with nuh_layer_id equal to lId in the AU.
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.

Item 5: Allow different luma bit-depths for the primary layer and the object mask auxiliary layers
Because the OMI SEI message is carried in the primary picture PU, the VVC interface variable for the bit depth is for the primary picture. Since only a single BitDepthY value is passed as an interface variable, the semantics seem to require that the luma bit-depth be the same for the primary layer and all the associated object mask auxiliary layers, although this restriction is not explicitly stated and does not actually seem necessary. For example, a primary layer may be coded using 10 bits, while an object mask auxiliary layer is coded using 8 bits.
It is proposed to allow different luma bit-depths of the primary and the object mask auxiliary layers. The proposed text achieves this by passing a layer-wise luma bit-depth interface variable.
Alternatively, a constraint should be specified that requires the luma bit-depth of the primary layer and all the associated object mask auxiliary layers be equal. 
[bookmark: _Hlk190706418]Proposed semantics in VSEI

Use of this SEI message requires the definition of the following variables:
[bookmark: _Hlk190706636]–	A bit depth for the samples of the luma component, denoted herein by BitDepthY[ lId ] for lId equal to the layer identifier value of the layer identifier values of the object mask auxiliary layers associated with the primary layer.
–	A cropped picture width and picture height in units of luma samples, denoted herein by CroppedWidth and CroppedHeight, respectively.
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in clause 7.3.
…
[bookmark: _Hlk190706695][bookmark: _Hlk190706723]omi_mask_sample_value_length_minus8 plus 8 specifies the length, in bits, of the omi_aux_sample_value[ i ][ j ] syntax element. The value of omi_mask_sample_value_length_minus8 shall be in the range of 0 to 8, inclusive. The value of omi_mask_sample_value_length_minus8 plus 8 shall be less than or equal to the greatest value of BitDepthY[ lId ] for lId equal to OmiAuxLayerId[ i ] among all values i in the range of 0 .. OmiNumAuxLayer − 1, inclusive.
…
omi_aux_sample_value[ i ][ j ] specifies the luma value of the samples corresponding to the area of the j-th object mask of the i-th object mask auxiliary layer associated with the current primary layer. The value of omi_aux_sample_value[ i ][ j ] shall be less than 1 << BitDepthY[ omiAuxLayerId[ i ] ]. These samples are bounded by the bounding box specified by the syntax elements omi_mask_top[ i ][ j ], omi_mask_left[ i ][ j ], omi_mask_width[ i ][ j ] and omi_mask_height[ i ][ j ], if present in the current SEI message. The length of the omi_aux_sample_value [ i ][ j ] syntax element is omi_mask_sample_value_length_minus8 + 8 bits.

Proposed semantics in VVC

For purposes of interpretation of the object mask information SEI message, the following variables are specified:
–	BitDepthY[ lId ] for lId equal to OmiAuxLayerId[ i ] for all values of i in the range of 0 .. OmiNumAuxLayer − 1, inclusive is set equal to BitDepth derived from the SPS that applies to the CLVS with nuh_layer_id equal to lId.
–	CroppedWidth is set equal to (  pps_pic_width_in_luma_samples  –  SubWidthC  *  (  pps_conf_win_left_offset + pps_conf_win_right_offset  ) ).
–	CroppedHeight is set equal to (  pps_pic_height_in_luma_samples  −  SubHeightC  *  (  pps_conf_win_top_offset + pps_conf_win_bottom_offset  ) ).
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
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