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Abstract
[bookmark: _Hlk122511096]This contribution proposes common text based on JVET-AE0080 and JVET-AE0083 for a generative face video (GFV) SEI message for inclusion in the next version of VSEI. The proposed GFV SEI message conveys information for facial features extracted from source video prior to encoding that can be applied to a previously decoded reference picture to reconstruct a face picture at the current time. The proposed GFV SEI message is intended for ultra low bitrate face video compression applications such as video conferencing, live entertainment, and face animation.
Introduction
Versions of a GFV SEI message were proposed at the 29th and 30th JVET meetings (JVET-AC0088 [1] and JVET-AD0051 [2], respectively). During discussion at the 30th JVET meeting, the several comments were recorded in the meeting notes.
For the current 31st meeting of JVET, documents JVET-AE0080, JVET-AE0083, and JVET-AE0088 are submitted. Those contributions propose means of addressing comments noted during the 30th JVET meeting and provide additional information on the effectiveness of 3-D facial landmarks for generative face videos, including the observation that the visual quality of generated outputs outperforms that of VVC at the same bitrate.
The proponents of JVET-AE0080 and JVET-0083 have provided the common text contained in this contribution.
[bookmark: _Ref98511203]Proposal
The proposed GFV SEI message is designed to carry facial parameters for the feature representations listed in Table 1 of JVET-AE0083, including 2D keypoints, 2D landmarks, 3D keypoints, facial semantics, and other formats. The conveyed facial parameters may be used to generate a face picture.
[bookmark: _Hlk139886662]Each picture unit (PU) may contain a GFV SEI message. The decoded picture of a PU may be a base picture (i.e., a decoded output picture that may be used by a network to generate a novel face picture), a dummy picture (e.g., a picture unit of the minimum allowed resolution that contains only SEI messages), or a primary coded picture that can be fused by a generative face neural network to improve background texture and facial details. When the current picture is not a base picture, the GFV SEI message may be used to generate a novel face picture based on the previously decoded base picture, the facial parameters conveyed by the GFV SEI message, and, optionally, the primary coded picture.
Proposed SEI message scope
[bookmark: _Ref23256360][bookmark: _Toc50053519]Table 1 - Persistence scope of SEI messages (informative)
	SEI message
	Persistence scope

	…
	…

	Generative face video
	Specified by the syntax of the SEI message



Syntax of generative face video SEI message
Table 2 - generative face video SEI message syntax
	generative_face_video ( payloadSize ) {
	Descriptor

	[bookmark: _Hlk138347872]	gfv_id
	ue(v)

	[bookmark: _Hlk138341308]	gfv_base_pic_flag /*indicate if current decoded output picture is a base picture*/
	u(1)

		if( gfv_base_pic_flag ) { /*specify Generator( )*/
	

			gfv_key_present_flag
	

			if( gfv_key_present_flag ) {
	

				gfv_key
	u(32)

			else {
	

				gfv_nn_base_flag
	u(1)

				gfv_nn_mode_idc
	ue(v)

				if( gfv_nn_mode_idc  = =  1 ) {
	

					while( !byte_aligned( ) )
	

						gfv_nn_reserved_zero_bit_a
	u(1)

					gfv_nn_tag_uri
	st(v)

					gfv_nn_uri
	st(v)

				}
	

			}
	

		} else /* current decoded output picture is a driving picture*/
	

	[bookmark: _Hlk138349783]		gfv_drive_pic_fusion_flag /*indicate if DrivePicture is input to Generator( )*/
	ue(v)

		gfv_coordinate_present_flag
	u(1)

		if( gfv_coordinate_present_flag ) {
	

			gfv_coordinate_precision_factor_minus1
	ue(v)

			gfv_num_kp_minus1
	ue(v)

			gfv_kp_pred_flag
	u(1)

			gfv_coordinate_z_present_flag
	u(1)

			if(gfv_coordinate_z_present_flag )
	

				gfv_coordinate_z_max_value_minus1
	ue(v)

			for( i = 0; i  <=  num_kp_minus1; i++ ) {
	

				if(!gfv_kp_pred_flag) {
	

					gfv_coordinate_x_abs[ i ]
	u(v)

					if( gfv_coordinate_x_abs[ i ] )
	

						gfv_coordinate_x_sign_flag[ i ]
	u(1)

					gfv_coordinate_y_abs[ i ]
	u(v)

					if( gfv_coordinate_y_abs[ i ] )
	

						gfv_coordinate_y_sign_flag[ i ]
	u(1)

					if( gfv_coordinate_z_present_flag ) {
	

						gfv_coordinate_z_abs[ i ]
	u(v)

						if( gfv_coordinate_z_abs[ i ] )
	

							gfv_coordinate_z_sign_flag[ i ]
	u(1)

					}
	

				}
	

				else {
	

					gfv_coordinate_dx_abs[ i ]
	u(v)

					if(gfv_coordinate_dx_abs[ i ] )
	

						gfv_coordinate_dx_sign_flag[ i ]
	u(1)

					gfv_coordinate_dy_abs[ i ]
	u(v)

					if( gfv_coordinate_dy_abs[ i ] )
	

						gfv_coordinate_dy_sign_flag[ i ]
	u(1)

					if( gfv_coordinate_z_present_flag ) {
	

						gfv_coordinate_dz_abs[ i ]
	u(v)

						if( gfv_coordinate_dz_abs[ i ] )
	

							gfv_coordinate_dz_sign_flag[ i ]
	u(1)

					}
	

				}
	

			}
	

		}
	

		gfv_matrix_present_flag
	u(1)

		if(gfv_matrix_present_flag ) {
	

			gfv_matrix_element_precision_factor_minus1
	ue(v)

			gfv_num_matrix_types_minus1
	ue(v)

			for( i = 0; i  <=  num_matrix_types_minus1; i++ ) {
	

				gfv_matrix_type_idx[ i ]
	u(6)

				if( gfv_matrix_type_idx[ i ]  = =  0  | |  gfv_matrix_type_idx[ i ]  = =  1 ) {
	

					if( gfv_coordinate_present_flag )
	

						gfv_num_matrices_equal_to_num_kps_flag[ i ]
	u(1)

					if( !gfv_coordinate_present_flag  | |  !gfv_num_matrix_equal_to_num_kps_flag[ i ] )
	

						gfv_num_matrices_info[ i ]
	ue(v)

				}
	

				else if( gfv_matrix_type_idx[ i ]  = = 2  | |  gfv_matrix_type_idx[ i ]  = =  3  | |  gfv_matrix_type_idx[ i ]  >=  7 ){ 
	

					if( gfv_matrix_type_idx[ i ]  >=  7 )
	

						gfv_num_matrices_minus1[ i ]
	ue(v)

					gfv_matrix_width_minus1[ i ]
	ue(v)

					gfv_matrix_height_minus1[ i ]
	ue(v)

				}
	

					else if( gfv_matrix_type_idx[ i ]  >=  4  &&  gfv_matrix_type_idx[ i ]  <=  6  &&  !gfv_coordinate_present_flag )
	

						gfv_matrix_for_3D_space_flag[ i ]
	u(1)

				for( j = 0; j < numMatrices[ i ]; j++ ) {
	

					for( k = 0; k < matrixHeight[ i ]; k++ ) {
	

						for( l = 0; l <matrixWidth[ i ]; l++ ) {
	

							gfv_matrix_element_int[ i ][ j ][ k ][ l ]
	ue(v)

							gfv_matrix_element_dec[ i ][ j ][ k ][ l ]
	u (v)

							if( gfv_matrix_element_int[ i][ j ][ k ][ l ]  | |  gfv_matrix_element_dec[ i ][ j ][ k ][ l ] )
	

								gfv_matrix_element_sign_flag[ i ][ j ][ k ][ l ]
	u(1)

						}
	

					}
	

				}
	

			}
	

		}
	

		if( gfv_base_pic_flag  &&  !gfv_key_present_flag) 
	

			if( gfv_nn_mode_idc  = =  0 ) {
	

				while( !byte_aligned( ) )
	

					gfv_nn_reserved_zero_bit_b
	u(1)

				for( i = 0; more_data_in_payload( ); i++ )
	

					gfv_nn_payload_byte[ i ]
	b(8)

			}
	

	}
	



Semantics of generative face video SEI message
The generative face video (GFV) SEI message indicates facial parameters and specifies a neural network, denoted as Generator( ), that may be used to generate novel output pictures using the indicated facial parameters and previously decoded output pictures.
NOTE – Facial parameters could be determined from source pictures prior to encoding. Such source pictures may be referred to as driving pictures.
NOTE – Previously decoded output pictures input to Generator( ) may be a base picture (a decoded output picture that provides the reference texture from which novel face pictures may be generated) and, optionally, a picture that can be fused by Generator( ) to improve background texture and facial details. When the current picture is not a base picture, the GFV SEI message may be used to generate a novel face picture based on the previously decoded base picture, the facial parameters conveyed by the GFV SEI message, and, optionally, the fusion picture. Base and fusion pictures may be coded conforming to Rec. ITU-T H.264, Rec. ITU-T H.265, Rec. ITU-T H.266, etc.
NOTE – A Generator( ) may be a generative adversarial network (GAN), for example.
Use of this SEI message requires the definition of the following variables:
· Input picture width and height in units of luma samples, denoted herein by CroppedWidth and CroppedHeight, respectively.
· Luma sample array baseCroppedYPic and chroma sample arrays baseCroppedCbPic and baseCroppedCrPic for a decoded output picture, denoted as BasePicture, corresponding to a source base picture.
· Luma sample array driveCroppedYPic and chroma sample arrays driveCroppedCbPic and driveCroppedCrPic for a decoded output picture, denoted as DrivePicture, corresponding to a source driving picture.
· Bit depth BitDepthY for the luma sample array of the input pictures.
· Bit depth BitDepthC for the chroma sample arrays, if any, of the input pictures.
· A chroma format indicator, denoted herein by ChromaFormatIdc, as described in subclause ‎7.3.
The variables SubWidthC and SubHeightC are derived from ChromaFormatIdc as specified by Table 2.
gfv_id contains an identifying number that may be used to identify face feature information and specify a neural network that may be used as Generator( ). The value of gfv_id shall be in the range of 0 to 232–− 2, inclusive. Values of gfv_id from 256 to 511, inclusive, and from 231 to 232–− 2, inclusive, are reserved for future use by ITU-T | ISO/IEC. Decoders conforming to this edition of this document encountering a GFV SEI message with gfv_id in the range of 256 to 511, inclusive, or in the range of 231 to 232–− 2, inclusive, shall ignore the SEI message.
NOTE – Different values of gfv_id in different GFV SEI messages could be used to identify different faces when more than one face is present in an output picture, for example.
gfv_base_pic_flag equal to 1 indicates the current decoded output picture corresponds to a base picture. gfv_base_pic_flag equal to 0 indicates the current decoded output picture does not correspond to a base picture.
The following constraints apply to the value of gfv_base_pic_flag:
–	When a GFV SEI message is the first GFV SEI message, in decoding order, that has a particular gfv_id value within the current CLVS, the value of gfv_base_pic_flag shall be equal to 1.
–	When a GFV SEI message that has a particular gfv_id value has gfv_base_pic_flag being equal to 0, this SEI message pertains to the current decoded picture and all subsequent decoded pictures of the current layer, in output order, until the end of the current CLVS or up to but excluding the decoded picture that follows the current decoded picture in output order within the current CLVS and is associated with a subsequent GFV SEI message, in decoding order, having gfv_base_pic_flag equal to 0 and that particular gfv_id value within the current CLVS, whichever is earlier.
gfv_key_present_flag equal to 1 indicates that the syntax element gfv_key is present and the syntax elements gfv_nn_base_flag, gfv_nn_mode_idc, gfv_nn_reserved_zero_bit_a, gfv_nn_tag_uri, gfv_nn_uri, gfv_nn_payload_byte[ i ] are not present. gfv_key_present_flag equal to 0 indicates that the syntax element gfv_key is not present and the syntax elements gfv_nn_base_flag, gfv_nn_mode_idc, gfv_nn_reserved_zero_bit_a, gfv_nn_tag_uri, gfv_nn_uri, gfv_nn_payload_byte[ i ].
gfv_key indicates a key that may be used to identify the analysis network used to generate the syntax elements of the current generative face video SEI message. The value of gfv_key may be used to determine whether the analysis network at the encoder matches with the generative network at the decoder.
NOTE 1 – The generative network at the decoder may use the SEI message to generate the video pictures only if it recognizes the value of gfv_key. The value of gfv_key may be specified by the applications that rely on matching networks at the encoder and the decoder. For such applications, if the parameters in the received SEI message are extracted with an analysis network that is not matched with the generative network at the decoder, the generative network should ignore the received SEI message.
gfv_nn_base_flag, gfv_nn_mode_idc, gfv_nn_reserved_zero_bit_a, gfv_nn_tag_uri, gfv_nn_uri, gfv_nn_payload_byte[ i ] specify a neural network that may be used as a Generator( ). gfv_nn_base_flag, gfv_nn_mode_idc, gfv_nn_reserved_zero_bit_a, gfv_nn_tag_uri, gfv_nn_uri, gfv_nn_payload_byte[ i ] have the same syntax and semantics as nnpfc_base_flag, nnpfc_mode_idc, nnpfc_reserved_zero_bit_a, nnpfc_tag_uri, nnpfc_uri, nnpfc_payload_byte[ i ], respectively.
[bookmark: _Hlk138409639]gfv_drive_pic_fusion_flag, when present, equal to 1 indicates the current decoded output picture, which corresponds to a driving picture that may be used for fusion, may be input to Generator( ). gfv_drive_pic_fusion_flag equal to 0 indicates the current decoded output picture should not be input to Generator( ).
NOTE – A gfv_drive_pic_fusion_flag value of 1 could be used to indicate the current decoded output picture could be used to improve face details or handle background changes, as examples.
gfv_coordinate_present_flag equal to 1 indicates that coordinate information of keypoints is present. gfv_coordinate_present_flag equal to 0 indicates that coordinate information of keypoints is not present.
It is a requirement of bitstream conformance that when gfv_matrix_type_idx[ i ] for any i from 0 to gfv_num_matrix_types_minus1 is equal to 0 or 1, the value of gfv_coordinate_present_flag shall be equal to 1.
gfv_coordinate_precision_factor_minus1 plus 1 indicates the length, in bits, of gfv_coordinate_x_abs[i], gfv_coordinate_y_abs[i] and gfv_coordinate_z_abs[i].
gfv_num_kps_minus1 plus 1 indicates the number of keypoints. The value of gfv_num_kp_minus1 shall be in the range of 0 to 210 – 1, inclusive.
gfv_kp_pred_flag equal to 1 indicates syntax elements gfv_coordinate_dx_abs[ i ] ,gfv_coordinate_dy_abs[ i ], and gfv_coordinate_dz_abs[ i ] are present and syntax elements gfv_coordinate_dx_sign_flag[ i ], gfv_coordinate_dy_sign_flag[ i ] and gfv_coordinate_dz_sign_flag[ i ] may be present. gfv_kp_pred_flag equal to 0 indicates gfv_coordinate_x_abs[ i ] ,gfv_coordinate_y_abs[ i ], and gfv_coordinate_z_abs[ i ] are present and syntax elements gfv_coordinate_x_sign_flag[ i ], gfv_coordinate_y_sign_flag[ i ] and gfv_coordinate_z_sign_flag[ i ] may be present.
gfv_coordinate_z_present_flag equal to 1 indicates z-axis coordinate information of the keypoints is present. coordinate_z_present_flag equal to 0 indicates that the z-axis coordinate information of the keypoints is not present.
gfv_coordinate_z_max_value_minus1 plus 1 indicates the maximum absolute value of z-axis coordinates of keypoints.  
gfv_coordinate_x_abs[ i ] indicates the normalized absolute value of x-axis coordinate of the i-th keypoint.
gfv_coordinate_x_sign_flag[ i ] specifies the sign of x-axis coordinate of the i-th keypoint. When gfv_coordinate_x_sign_flag[ i ] is not present, it is inferred to be equal to 0.
gfv_coordinate_y_abs[ i ] specifies the normalized absolute value of y-axis coordinate of i-th keypoint.
gfv_coordinate_y_sign_flag[ i ] specifies the sign of y-axis coordinate of i-th keypoint. When gfv_coordinate_y_sign_flag[i] is not present, it is inferred to be equal to 0.
gfv_coordinate_z_abs[ i ] specifies the normalized absolute value of z-axis coordinate of i-th keypoint.
gfv_coordinate_z_sign_flag[ i ] specifies the sign of z-axis coordinate of i-th key point. When gfv_coordinate_z_sign_flag[ i ] is not present, it is inferred to be equal to 0.
gfv_coordinate_dx_abs[ i ] indicates the absolute difference value of the normalized value of the x-axis coordinate of the i-th keypoint.
gfv_coordinate_dx_sign_flag[ i ] specifies the sign of the difference value of the x-axis coordinate of the i-th keypoint. When gfv_coordinate_dx_sign_flag[ i ] is not present, it is inferred to be equal to 0.
gfv_coordinate_dy_abs[ i ] specifies the absolute difference value of the normalized y-axis coordinate of the i-th keypoint.
gfv_coordinate_dy_sign_flag[ i ] specifies the sign of the difference value of the y-axis coordinate of the i-th keypoint. When gfv_coordinate_yd_sign_flag[i] is not present, it is inferred to be equal to 0.
gfv_coordinate_dz_abs[ i ] specifies the absolute difference value of the normalized z-axis coordinate of the i-th keypoint.
gfv_coordinate_dz_sign_flag[ i ] specifies the sign of the difference value of the z-axis coordinate of the i-th key point. When gfv_coordinate_dz_sign_flag[ i ] is not present, it is inferred to be equal to 0.
The variables coordinateDeltaX[ i ], coordinateDeltaY[ i ] and coordinateDeltaZ[ i ] indicating the delta x-axis coordinate, delta y-axis coordinate and delta z-axis oordinate of the i-th keypoint, respectively, are derived as follows:
coordinateDeltaX[ i ] = 
coordinateDeltaY[i] = 
coordinateDeltaZ[i] = 
The variables coordinateX[ i ], coordinateY[ i ] and coordinateZ[ i ] indicating the x-axis coordinate, y-axis coordinate and z-axis coordinate of the i-th keypoint, respectively, are derived as follows:
When gfv_kp_pred_flag is equal to 0,
coordinateX[ i ] = 
coordinateY[i] = 
coordinateZ[i] = 
when gfv_kp_pred_flag is equal to 1,
if( gfv_kp_pic_flag ) {
	coordinateX[ i ] = (( i > 0 ) ? coordinateX[ i - 1 ] : 0 ) + coordinateDeltaX[ i ]
	coordinateY[ i ] = (( i > 0 ) ? coordinateY[ i - 1 ] : 0 ) + coordinateDeltaY[ i ]
	coordinateZ[ i ] = (( i > 0 ) ? coordinateZ[ i - 1 ] : 0 ) + coordinateDeltaZ[ i ]
}
else {
	coordinateX[ i ] = BaseKpCoordinateX[ i ] + coordinateDeltaX[ i ]
	coordinateY[ i ] = BaseKpCoordinateY[ i ] + coordinateDeltaY[ i ]
	coordinateZ[ i ] = BaseKpCoordinateZ[ i ] + coordinateDeltaZ[ i ]
}
where BaseKpCoordinateX[ i ], BaseKpCoordinateY[ i ], BaseKpCoordinateZ[ i ] indicating the x-axis, y-axis and z-axis coordinates, respectively, of the i-th keypoint for the base picture are derived as follows:
[bookmark: _Hlk138359466]if( gfv_base_pic_flag ) {
	BaseKpCoordinateX[ i ] = coordinateX[ i ]
	BaseKpCoordinateY[ i ] = coordinateY[ i ]
	BaseKpCoordinateZ[ i ] = coordinateZ[ i ]
}
gfv_matrix_present_flag equal to 1 indicates that matrix parameters are present. gfv_matrix_present_flag equal to 0 indicates that matrix parameters are not present.
gfv_matrix_element_precision_factor_minus1 plus 1 indicates the length, in bits, of gfv_matrix_element_dec[ i ][ j ][ k ][ l ].
gfv_num_matrix_types_minus1 plus 1 indicates the number of matrix types signalled in the SEI message. The value of gfv_matrix_type_num_minus1 shall be in the range of 0 to 26 – 1, inclusive.
gfv_matrix_type_idx[ i ] indicates the index of the i-th matrix type as specified in Table 3.
[bookmark: _Ref140087472][bookmark: _Hlk131163357]Table 3 - Specification of gfv_matrix_type_idx
	Value
	Specification

	0
	Affine translation matrix with the size of 2*2 or 3*3. 

	1
	Covariance matrix with size of 2*2 or 3*3. 

	2
	Mouth matrix representing mouth motion.

	3
	Eye matrix representing the open-close status and level of eyes. 

	4
	Head rotation paramters with the size of 2*2 or 3*3 representing the head rotation in 2D space or 3D space. 

	5
	Head translation matrix with the size of 1*2 or 1*3 representing head translationin 2D space or 3D space. 

	6
	Head location matrix with size of 1*2 or 1*3 representing the head location in 2D space or 3D space.

	7
	Compact feature matrix with the size being specified by gfv_matrix_width_minus1[i] and gfv_matrix_height_minus1[i].

	8…31
	Other matrix that may be used as determined by the application with the size being specified by gfv_matrix_width_minus1[i] and gfv_matrix_height_minus1[i].

	32…63
	Reserved


NOTE 2 . The undefined matrxi type is used to represent the matrxi type rather than affine translation matrix, covariance matrix, rotation matrix, translation matrix and compact feature matrix. It is may be used by the user to extend the matrix type. 
[bookmark: _Hlk131163466]gfv_num_matrices_equal_to_num_kps_flag[ i ] equal to 1 indicates that the number of matrices of the i-th matrix type is equal to gfv_num_kps_minus1 + 1. gfv_num_matrices_equal_to_num_kps_flag[ i ] equal to 0 indicates the number of matrices of the i-th matrix type is not equal to gfv_num_coordinates_minus1 + 1.
gfv_num_matrices_info[ i ] provides information to derive the number of the matrices of the i-th matrix type.
gfv_matrix_width_minus1[ i ] plus 1 indicates the width of the matrix of the i-th matrix type.
gfv_matrix_height_minus1[ i ] plus 1 indicates the height of the matrix of the i-th matrix type.
gfv_matrix_for_3D_space_flag[ i ] equal to 1 indicates the matrix of the i-th matrix type is a matrix defined in three-dimensional space. gfv_matrix_for_3D_space_flag[ i ] equal to 0 indicates the matrix of the i-th matrix type is a matrix defined in two-dimensional space.
When gfv_matrix_width_minus1[ i ] is not present, it is inferred as follows:
––	If gfv_matrix_type_idx[ i ] is equal to 0, 1 or 4, and one of coordinate_z_present_flag and gfv_matrix_for_3D_space_flag[ i ] is present and equal to 1, gfv_matrix_width_minus1[i] is inferred to be equal to 2
––	otherwise, if matrix_type_idx[ i ] is equal to 0, 1 or 4, and one of coordinate_z_present_flag and gfv_matrix_for_3D_space_flag[ i ] is present and equal to 0, gfv_matrix_width_minus1[ i ] is inferred to be equal to 1
––	otherwise (matrix_type_idx[ i ] is equal to 5 or 6), gfv_matrix_width_minus1[ i ] is inferred to be equal to 0
When gfv_matrix_height_minus1[ i ] is not present, it is inferred as follows:
––	If matrix_type_idx is equal to 0, 1, 4, 5 or 6, and one of gfv_coordinate_z_present_flag and gfv_matrix_for_3D_space_flag[ i ] is present and equal to 1, gfv_matrix_height_minus1[ i ] is inferred to be equal to 2.
––	otherwise (gfv_matrix_type_idx is equal to 0, 1, 4, 5 or 6, and one of gfv_coordinate_z_present_flag and gfv_matrix_for_3D_space_flag[ i ] is 0), gfv_matrix_height _minus1[ i ] is inferred to be equal to 1.
The variables matrixWidth[ i ] and matrixHeight[ i ] indicating the width and height of the matrix of the i-th matrix type are derived as follows
matrixWidth[ i ] = gfv_matrix_width_minus1[ i ] + 1
matrixHeight[ i ] = gfv_matrix_height_minus1[ i ] + 1
gfv_num_matrices_minus1[ i ] plus 1 indicates the number of matrices of the i-th matrix type.
The variable numMatrices[ i ] indicating the number of the matrices of the i-th matrix type is derived as follows:
if( gfv_matrix_type_idx[ i ] == 0 || gfv_matrix_type_idx[ i ] == 1 ) {
  if( gfv_coordinate_present_flag )
numMatrices[ i ] = gfv_num_matrices_equal_to_num_kps_flag[ i ] ? gfv_num_kps_minus1 + 1 : ( gfv_num_matrices_info[ i ] < gfv_num_kp_minus1 ? gfv_num_matrices_info [ i ] + 1 : gfv_num_matrices_info [ i ] + 2 )
  else
    numMatrices[ i ] = gfv_num_matrices_info[ i ] + 1
}
else if( gfv_matrix_type_idx[ i ] >= 2 &&  gfv_matrix_type_idx[ i ] < 7)
  numMatrices[ i ] = 1
else
  numMatrices[ i ] = gfv_num_matrices_minus1[ i ] + 1
gfv_matrix_element_int[ i ][ j ][ k ][ l ] indicates the integer part of the value of the matrix element at position (k, l) of the j-th matrix of the i-th matrix type.
gfv_matrix_element_dec[ i ][ j ][ k ][ l ] indicates the decimal part of the value of the matrix element at position (k, l) of the j-th matrix of the i-th matrix type.
gfv_matrix_element_sign_flag[ i ][ j ][ k ][ l ] indicates the sign of the matrix element at position (k, l) of the j-th matrix of the i-th matrix type. When gfv_matrix_element_sign_flag[ i ][ j ][ k ][ l ]is not present, it is inferred to be equal to 0.
The variable matrixElementVal[ i ][ j][ k ][ l ] representing the value of the matrix element at position (k, l) of the j-th matrix of the i-th matrix type is derived as follows:
matrixElementVal[ i][ j ][ k ][ l ] = 
Generator ( ) is a process to generate the sample values of an output picture corresponding to a driving picture. It is only invoked when gfc_base_pic_flag is equal to 0.
Inputs to Generator() are:
· When gfv_base_pic_flag is equal to 0 and gfv_drive_pic_fusion_flag is equal to 0 and ChromaIDC is equal to 0: inputBaseY, inputBaseKeyPoint, inputBaseMatrix, inputDriveKeyPoint, inputDriveMatrix
· When gfv_base_pic_flag is equal to 0 and gfv_drive_pic_fusion_flag is equal to 0 and ChromaIDC is not equal to 0: inputBaseY, inputBaseCb, inputBaseCr, inputBaseKeyPoint, inputBaseMatrix, inputDriveKeyPoint, inputDriveMatrix
· When gfv_base_pic_flag is equal to 0 and gfv_drive_pic_fusion_flag is equal to 1 and ChromaIDC is equal to 0: inputBaseY, inputDriveY, inputBaseKeyPoint, inputBaseMatrix, inputDriveKeyPoint, inputDriveMatrix
· When gfv_base_pic_flag is equal to 0 and gfv_drive_pic_fusion_flag is equal to 1 and ChromaIDC is not equal to 0: inputBaseY, inputBaseCb, inputBaseCr, inputDriveY, inputDriveCb, inputDriveCr , inputBaseKeyPoint, inputBaseMatrix,, inputDriveKeyPoint, inputDriveMatrix
Outputs of Generator( ) are:
· When chromaIDC is equal to 0, a luma sample array genY
· When chromaIDC is not equal to 0, a luma sample array genY and chroma sample arrays genCb and genCr.
The following process is used to generate a video picture:
DeriveInputTensors( ) 
if( gfv_base_pic_flag == 0 && gfv_drive_pic_fusion_flag == 0) {
  if(chromaIDC == 0 ) 
    Generator( inputBaseY, inputBaseKeyPoint, inputBaseMatrix, inputDriveKeyPoint, inputDriveMatrix) 
  else 
    Generator( inputBaseY, inputBaseCb, inputBaseCr, inputBaseKeyPoint, inputBaseMatrix, inputDriveKeyPoint, inputDriveMatrix) 
}
else if(gfv_base_pic_flag == 0 && gfv_drive_pic_fusion_flag == 1) {
  if(chromaIDC == 0 ) 
    Generator( inputBaseY, inputDriveY, inputBaseKeyPoint, inputBaseMatrix, inputDriveKeyPoint, inputDriveMatrix) 
  else 
    Generator( inputBaseY, inputBaseCb, inputBaseCr, inputDriveY, inputDriveCb, inputDriveCr , inputBaseKeyPoint, inputBaseMatrix,, inputDriveKeyPoint, inputDriveMatrix) 
}
StoreOutputTensors( ) 
Input values to Generator( ) are real numbers and the functions InpY( ) and InpC( ) are specified as follows:
[bookmark: _Hlk139276642]InpY( x ) = x ÷ ( ( 1  <<  BitDepthY ) – 1 )
InpC( x ) = x ÷ ( ( 1  <<  BitDepthC ) – 1 )
Output values from Generator( ) are real numbers and the functions OutY( ) and OutC( ) are specified as follows:
OutY( x ) = Clip3( 0, ( 1  <<  BitDepthY ) – 1 , x * ( ( 1  <<  BitDepthY ) – 1 )
OutC( x ) = Clip3( 0, ( 1  <<  BitDepthC ) – 1 , x * ( ( 1  <<  BitDepthC ) – 1 )
The process DeriveInputTensors( ) for deriving the inputs of Generator ( ) is specified as follows:
When gfv_base_pic_flag is equal to 1, the BasePicture input tensor inputBaseY, inputBaseCb and inputBaseCr are derived as follows:
for( x = 0; x< CroppedWidth; x++ ) {
  for ( y = 0; y< CroppedHeight; y++ ) {
    inputBaseY[ x ][ y ] = InpY( baseCroppedYPic[ x ][ y ] ) 
  }
}
if (chromaIDC !=0) {
  for( x=0; x< CroppedWidth/ SubWidthC; x++ ) {
    for ( y=0; y< CroppedHeight/ SubHeightC; y++ ) {
      inputBaseCb[ x][ y ] = InpC( baseCroppedCbPic[ x][ y ] )
      inputBaseCr[ x][ y ] = InpC( baseCroppedCrPic[ x ][ y ] )
    }
  }
}
When gfv_drive_pic_fusion_flag is equal to 1, the DrivePicture luma sample array inputDriveY, inputDriveCb and input DriveCr are derived as follows:
for( x = 0; x< CroppedWidth; x++ ) {
  for ( y = 0; y< CroppedHeight; y++ ) {
    inputDriveY[ x ][ y ] = InpY( driveCroppedYPic[ x ][ y ] )
  }
}
if (chromaIDC !=0) {
  for( x=0; x< CroppedWidth/ SubWidthC; x++ ) {
    for ( y=0; y< CroppedHeight/ SubHeightC; y++ ) {
      InputDriveCb[ x][ y ] = InpC( driveCroppedCbPic[ x][ y ] )
      InputDriveCr[ x][ y ] = InpC( driveCroppedCrPic[ x ][ y ] ) 
    }
  }
}

When gfv_base_pic_flag is equal to 0, the keypoint coordinate array inputDriveKeyPoint and the matrix inputDriveMatrix for the current picture are derived as follows:
if( gfv_coordinate_present_flag ) {
  for ( i=0; i< = gfv_num_kps_minus1; i++ ) {
    inputDriveKeyPoint[ i ][ 0 ] = coordinateX[ i ]
    inputDriveKeyPoint[ i ][ 1 ] = coordinateY[ i ]
    if ( gfv_coordinate_z_present_flag ) 
      inputDriveKeyPoint[ i ][ 2 ] = coordinateZ[ i ]
  }
}
else {
  for ( i=0; i< = gfv_num_kps_minus1; i++ ) {
    inputDriveKeyPoint[ i ][ 0 ] = 0
    inputDriveKeyPoint[ i ][ 1 ] = 0
    if ( gfv_coordinate_z_present_flag ) 
      inputDriveKeyPoint[ i ][ 2 ] = 0
  }
}
if( gfv_matrix_present_flag ) {
  for ( i=0; i<=gfv_num_matrix_types_minus1; i++ ) {
    for ( j=0; j< numMatrices[ i ]; j++ ) {
      for( k=0; k< matrixHeight [ i ]; k++ ) {
        for ( l=0;l< matrixWidth [ i ]; l++) {
          inputDriveMatrix[ i ][ j ][ k ][ l ] = matrixElementVal[ i ][ j][ k][ l ] 
        }
      }
    }
  }
}
else {
  for ( i=0; i<= gfv_num_matrix_types_minus1; i++ ) {
    for ( j=0; j< numMatrices[ i ]; j++ ) {
      for( k=0; k< matrixHeight [ i ]; k++ ) {
        for ( l=0;l< matrixWidth [ i ]; l++) {
          inputDriveMatrix[ i ][ j ][ k ][ l ] = 0
        }
      }
    }
  }
}
When gfv_base_pic_flag is equal to 1, the keypoint coordinate array inputBaseKeyPoint and the matrix inputBaseMatrix for the base picture are derived as follows:
if( gfv_coordinate_present_flag ) {
  for ( i=0; i< = gfv_num_kps_minus1; i++ ) {
    inputBaseKeyPoint[ i ][ 0 ] = coordinateX[ i ]
    inputBaseKeyPoint[ i ][ 1 ] = coordinateY[ i ]
    if ( gfv_coordinate_z_present_flag ) 
      inputBaseKeyPoint[ i ][ 2 ] = coordinateZ[ i ]
  }
}
else {
  for ( i=0; i< =num_kps_minus1; i++ ) {
    inputBaseKeyPoint [ i ][ 0 ] = 0
    inputBaseKeyPoint [ i ][ 1 ] = 0
    if ( gfv_coordinate_z_present_flag ) 
      inputBaseKeyPoint [ i ][ 2 ] = 0
  }
}
if( gfv_matrix_present_flag ) {
  for ( i=0; i<= gfv_num_matrix_types_minus1; i++ ) {
    for ( j=0; j< numMatrices[ i ]; j++ ) {
      for( k=0; k< matrixHeight [ i ]; k++ ) {
        for ( l=0;l< matrixWidth [ i ]; l++) {
          inputBaseMatrix[ i ][ j ][ k ][ l ] = matrixElementVal[ i ][ j][ k][ l ] 
        }
      }
    }
  }
}
else {
  for ( i=0; i<=gfv_num_matrix_types_minus1; i++ ) {
    for ( j=0; j< numMatrices[ i ]; j++ ) {
      for( k=0; k< matrixHeight [ i ]; k++ ) {
        for ( l=0;l< matrixWidth [ i ]; l++) {
          inputBaseMatrix [ i ][ j ][ k ][ l ] = 0
        }
      }
    }
  }
}

The process StoreOutputTensors( ) for deriving the output is specified as follows:
when gfv_base_pic_flag is equal to 0, the output sample array outYPic[ x ][ y ], outCbPic[ x ][ y ], and outCrPic[ x ][ y ] are derived as follows:
for(x=0; x< CroppedWidth; x++){
  for(y=0; y< CroppedHeight; y++){
    outputYPic[ x ][ y ] = OutY( genY[ x ][ y ] )
  }
}
if(chromaIDC != 0) {
  for(x=0; x< CroppedWidth/ SubWidthC; x++){
    for(y=0; y< CroppedHeight/ SubHeightC; y++){
      outputCbPic[ x ][ y ] = OutC( genCb[ x ][ y ] )
      outputCrPic[ x][ y ] = OutC( genCr[ x ][ y ] )
    }
  }
}
when gfv_base_pic_flag is equal to 1, the output sample array outYPic[ x ][ y ], outCbPic[ x ][ y ], and outCrPic[ x ][ y ] are derived as follows:
for(x=0; x< CroppedWidth; x++){
  for(y=0; y< CroppedHeight; y++){
    outputYPic[ x ][ y ] = baseCroppedYPic [ x ][ y ] 
  }
}
if(chromaIDC != 0) {
  for(x=0; x< CroppedWidth/ SubWidthC; x++){
    for(y=0; y< CroppedHeight/ SubHeightC; y++){
      outputCbPic[ x ][ y ] = baseCroppedCbPic [ x ][ y ] 
      outputCrPic[ x][ y ] = baseCroppedCbPic [ x ][ y ] 
    }
  }
}

The usage of the proposed SEI message
The facial representation of the current main generative models can be signalled using the proposed generative face video SEI message. The syntax configurations are given in the Table 4
[bookmark: _Ref140029450]Table 4 The syntax configuration of gfv SEI message for the current main generative model
	Generative Model
	Facial representation
	Coordinate syntax
	Matrix syntax

	VSBNet
	2D Landmarks
	98 2D coordinates
	N/A

	FOMM
	2D Keypoints + Affine Matrix
	10 2D coordinates
	10 2x2 matrices (affine)

	MRAA
	2D Keypoints + Affine Matrix+ Covariance Matrix
	10 2D coordinates
	20 2*2 matrices (10 are affine and 10 are covariance)

	Face_vid2vid
	3D Keypoints + Rotation Matrix+ Translation Matrix
	15 3D coordinates
	1 3*3 matrix (rotation) 
1 1*3 matrix (translation)

	CFTE
	Compact Feature Matrix
	N/A
	1 4*4 matrix (compact feature)

	IFVC
	Mouth Matrix + Eye Matrix + Rotation Matrix+ Translation Matrix + Location Matrix
	N/A
	1 1*6 matrix (mouth)
1 1*1 matrix (eye)
1 1*3 matrix (rotation)
1 1*3 matrix (translation)
1 1*1 matrix (location)



Conclusion
It is recommended to adopt the proposed generative face video SEI message in the next version of VSEI.
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