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Abstract
The generative face video and generative face video enhancement SEI messages were adopted into the draft text of VSEI version 4 at the 36th JVET meeting, and the corresponding interface text for VVC was adopted at 37th JVET meeting. This contribution proposes to add the generative face video and generative face video enhancement SEI messages to the next version of HEVC and AVC.
Introduction
The generative face video (GFV) SEI message(s) carries facial parameters which are used to generate subsequent face pictures at the decoder side based on the base picture(s) coded with a traditional codec, such as VVC, HEVC or AVC. The generative face enhancement (GFVE) SEI message(s) signals enhancement parameters which are used to improve the subjective quality of the face pictures generated with the GFV SEI message(s). 
Currently, these two SEI messages were adopted into VSEI version 4 with interface text added in VVC spec., so that these two SEI messages can be embedded into a VVC bitstream allowing subsequent face pictures to be generated based on the base picture(s) decoded from the VVC bitstream.
From a technical point of view, the base picture(s) used in the face picture generation process are not limited to VVC-encoded pictures only, but rather can be encoded by any codec. Given that HEVC and AVC are two widely adopted and almost ubiquitous standards nowadays, it makes sense to add GFV and GFVE SEI messages to HEVC and AVC to broaden the use of generative face video coding technology in combination with ITU-T and ISO/IEC standards. Thus, this contribution proposes to add the GFV and GFVE SEI messages into HEVC and AVC such that they can be used together with HEVC-encoded or AVC-encoded base pictures. 
Proposed changes in the latest HEVC draft in JVET-AK1006
The proposed HEVC spec. changes are as follows, with corresponding changes to include GFV and GFVE messages highlighted in yellow:
[bookmark: _Ref399007788][bookmark: _Toc415476025][bookmark: _Toc423599300][bookmark: _Toc423601804][bookmark: _Toc501130266][bookmark: _Toc170290920]D.2.1	General SEI message syntax
	sei_payload( payloadType, payloadSize ) {
	Descriptor

		…
	

		else /* nal_unit_type  = =  SUFFIX_SEI_NUT */
	

			if( payloadType  = =  3 )
	

				filler_payload( payloadSize )
	

			else if( payloadType  = =  4 )
	

				user_data_registered_itu_t_t35( payloadSize )
	

			else if( payloadType  = =  5 )
	

				user_data_unregistered( payloadSize )
	

			else if( payloadType  = =  17 )
	

				progressive_refinement_segment_end( payloadSize )
	

			else if( payloadType  = =  22 )
	

				post_filter_hint( payloadSize )
	

			else if( payloadType  = =  132 )
	

				decoded_picture_hash( payloadSize )
	

			else if( payloadType  = =  146 )
	

				coded_region_completion( payloadSize )
	

			else if( payloadType  = =  210 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				nn_post_filter_characteristics( payloadSize )
	

			else if( payloadType  = =  211 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				nn_post_filter_activation( payloadSize )
	

			else if( payloadType  = =  222 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				digitally_signed_content_verification( payloadSize )
	

			else if( payloadType  = =  223 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				generative_face_video( payloadSize )
	

			else if( payloadType  = =  224 ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

				generative_face_video_enhancement( payloadSize )
	

			else
	

				reserved_sei_message( payloadSize )
	



[bookmark: _Ref399007842][bookmark: _Ref399011607][bookmark: _Toc415476060][bookmark: _Toc423599335][bookmark: _Toc423601839][bookmark: _Toc501130312][bookmark: _Toc170290970]D.3.1	General SEI payload semantics
...
The list SingleLayerSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 200 to 202, inclusive, 205, 210 to 212, inclusive, 216, 218, and 220 to 222 224, inclusive.
The list VclAssociatedSeiList is set to consist of the payloadType values 2, 3, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 131, 132, 134 to 152, inclusive, 154 to 159, inclusive, 200 to 202, inclusive, 205, 210 to 212, inclusive, 216, 218, and 220 to 222 224, inclusive.
The list PicUnitRepConSeiList is set to consist of the payloadType values 0, 1, 2, 6, 9, 15, 16, 17, 19, 22, 23, 45, 47, 56, 128, 129, 131, 132, 133, 135 to 152, inclusive, 154 to 159, inclusive, 200 to 202, inclusive, 205, 210 to 212, inclusive, 216, 218, and 220 to 222 224, inclusive.
[bookmark: _Hlk170292549]NOTE 3 – SingleLayerSeiList consists of the payloadType values of the SEI messages specified in Annex D excluding 0 (buffering period), 1 (picture timing), 4 (user data registered by Recommendation ITU-T T.35), 5 (user data unregistered), 130 (decoding unit information) and 133 (scalable nesting). VclAssociatedSeiList consists of the payloadType values of the SEI messages that, when non-scalable-nested and contained in an SEI NAL unit, infer constraints on the NAL unit header of the SEI NAL unit on the basis of the NAL unit header of the associated VCL NAL unit. PicUnitRepConSeiList consists of the payloadType values of the SEI messages that are subject to the restriction on 8 repetitions per picture unit.

D.4.5 Use of the generative face video SEI message
For purposes of interpretation of the generative face video SEI message, the following variables are specified:
–	CroppedWidth is set equal to ( pic_width_in_luma_samples − SubWidthC * ( conf_win_right_offset + conf_win_left_offset ) ) and CroppedHeight is set equal to ( pic_height_in_luma_samples − SubHeightC * ( conf_win_bottom_offset + conf_win_top_offset ) ).
–	Luma sample array CroppedYPic and chroma sample arrays CroppedCbPic and CroppedCrPic are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of the cropped decoded picture resulting from decoding the picture unit that includes the generative face video SEI message.
–	BitDepthY is set equal to BitDepthY.
–	BitDepthC is set equal to BitDepthC.
–	ChromaFormatIdc is set equal to chroma_format_idc.
D.4.6 Use of the generative face video enhancement SEI message
For purposes of interpretation of the generative face video enhancement SEI message, the following variables are specified:
–	CroppedWidth is set equal to ( pic_width_in_luma_samples − SubWidthC * ( conf_win_right_offset + conf_win_left_offset ) ) and CroppedHeight is set equal to ( pic_height_in_luma_samples − SubHeightC * ( conf_win_bottom_offset + conf_win_top_offset ) ).
–	BitDepthY is set equal to BitDepthY.
–	BitDepthC is set equal to BitDepthC–	ChromaFormatIdc is set equal to chroma_format_idc.

Proposed changes in the latest AVC draft in JVET-AK1017
The proposed AVC spec. changes are as follows, with corresponding changes to include GFV and GFVE messages highlighted in yellow:
D.1.1	General SEI message syntax
	sei_payload( payloadType, payloadSize ) {
	C
	Descriptor

	…
	
	

	else if( payloadType  = =  216 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		source_picture_timing_info( payloadSize )
	
	

	else if( payloadType  = =  218 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		modality_info( payloadSize )
	
	

	else if( payloadType  = =  220 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		digitally_signed_content_initialization( payloadSize )
	
	

	else if( payloadType  = =  221 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		digitally_signed_content_selection( payloadSize )
	
	

	else if( payloadType  = =  222 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		digitally_signed_content_verification( payloadSize )
	
	

	else if( payloadType  = =  223 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		generative_face_video( payloadSize )
	
	

	else if( payloadType  = =  224 ) /* Specified in Rec. ITU-T H.274 | 
												ISO/IEC 23002-7 */
	
	

		generative_face_video_enhancement( payloadSize )
	
	

	else
	
	

		reserved_sei_message( payloadSize )
	5
	

	if( !byte_aligned( ) ) {
	
	

	bit_equal_to_one  /* equal to 1 */
	5
	f(1)

	while( !byte_aligned( ) )
	
	

	bit_equal_to_zero  /* equal to 0 */
	5
	f(1)

	}
	
	

	}
	
	



D.3.7 Use of the generative face video SEI message
For purposes of interpretation of the generative face video SEI message, the following variables are specified:
–	CroppedWidth and CroppedHeight, set as specified by Equations ‎7-23 and ‎7-24, respectively.
–	Luma sample array CroppedYPic and chroma sample arrays CroppedCbPic and CroppedCrPic are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of the cropped decoded picture resulting from decoding the picture unit that includes the generative face video SEI message.
–	BitDepthY is set equal to BitDepthY.
–	BitDepthC is set equal to BitDepthC.
–	ChromaFormatIdc is set equal to chroma_format_idc.
D.3.8 Use of the generative face video enhancement SEI message
For purposes of interpretation of the generative face video enhancement SEI message, the following variables are specified:
–	CroppedWidth and CroppedHeight, set as specified by Equations ‎7-23 and ‎7-24, respectively.
–	BitDepthY is set equal to BitDepthY.
–	BitDepthC is set equal to BitDepthC
–	ChromaFormatIdc is set equal to chroma_format_idc.
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