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Abstract
This contribution proposes to add a colour calibration process on the generated face pictures as an optional post-processing to solve the occasional colour shift issue observed in some generated pictures by the proponent. Threewo options are provided in the contribution as follows.
· Option 1: add a calibration flag in the GFV SEI message and perform colour calibration on the generated picture based on the distribution parameters derived from the current decoded picture when the calibration flag is on.
· Option 2: add a calibration flag in the GFV SEI message and signal the color distribution parameters when the flag is on, and perform the color calibration on the generated pictures based on the distribution parameters signaled.
· Option 3: add an indication flag in GFV SEI message to indicate whether the current generated picture can be used for the colour calibration of the generated picture. 
In version 2, Option 3 which has minimum impact on the text was added.
In version 3, based on the comments received in the first round of document review and offline discussion with the HLS expert, the proposed semantics in option 3 was refined.
Introduction
The generative face video coding (GFVC) has been proposed and studied for a long time in the previous meetings in which the base pictures are encoded with traditional codec and the subsequent pictures are generated by a generative model with input of feature parameters. To signal the feature parameters to the decoder for the picture generation, the generative face video (GFV) SEI message was proposed and adopted into VSEI version 4. 
However, during our internal studies, it was found that that sometimes color shifts may exist between the generated pictures and the corresponding original pictures. For example, as shown in Figure 1 (b) and Figure 2 (b), the color of the generated pictures appears warmer than those in the original ones shown in Figure 1 (a) and Figure 2 (a), respectively. This effect may be due to the inaccurate modeling of color distribution of different color planes during the generation process.
[image: ]    [image: ]    [image: ]
(a) Original frame                   (b) FOMM Generation               (c) Calibrated FOMM Generation    
Figure 1 – An example of subjective quality comparison between the generation and the corresponding calibrated one for FOMM
[image: ]    [image: ]    [image: ]    
(a) Original frame                   (b) CFTE Generation               (c) Calibrated CFTE Generation                   
[bookmark: _Ref193214194]Figure 2– An example of subjective quality comparison between generation and the corresponding calibrated one for CFTE
To improve the generation quality of GFVC, it is proposed to utilize channel-wise distribution calibration as an optional post-processing step in GFVC decoding, which can adjust the color distribution of generated pictures to match that of the original pictures. By doing so, the subjective quality of generated pictures can be improved.
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[bookmark: _Ref193214538][bookmark: _Ref192701893]Figure 3 – Diagram of proposed color calibration
As shown in Figure 3, at the decoder after picture generation, the distribution parameters of the decoded picture and generated picture are calculated for each color component. Let  and  be the mean and the standard deviation of the samples in the decoded picture for color component , respectively, and   and  be the mean and the standard deviation of the samples in the generated picture for color component , respectively. These parameters can be derived as follows
                               (1)
                         (2)
                               (3)
                         (4)
where is the decoded sample value at coordinate  of the decoded picture for color component , is the generated sample value at coordinate  of the generated picture for color component ,  and  are the picture height and width, respectively. 
After the distribution parameters calculation, the proposed channel-wise color calibration is performed by normalizing each channel of the generated picture with its own distribution parameters and then shifting to the target distribution. The calibration process can be described as follows
                     (5)
where  is the calibrated sample value at coordinate  of the generated picture for color component .
The results of the color calibration are shown in Figure 1(c) and Figure 2(c), where we can see that after calibration is applied, the generated pictures appear more natural and closer to the respective original pictures. 
Proposed changes to GFV SEI message
In order to solve occasional colour shift issue and further improve the subjective quality of the generated pictures, it is proposed to support color calibration in the SEI message based GFV approach. The proposed text changes of GFV SEI message are as follows. Two options are provided.
Option 1
In option 1, a flag is added in GFV SEI message to indicate whether the color calibration is applied on the picture generated with the current GFV SEI message. If the flag is on, distribution parameters of each color component of the corresponding decoded picture are calculated, and then the sample values of the generated picture are adjusted so that the distribution parameters of the generated picture align with those of the decoded picture.
The proposed syntax and semantics changes are as follows.
	generative_face_video ( payloadSize ) {
	Descriptor

	…
	

		} else {
	ue(v)

			gfv_drive_pic_fusion_flag /* indicate if DrivePicture is input to GenerativeNN( ) */
	ue(v)

			gfv_colour_calibration_flag
	u(1)

		}
	

		gfv_low_confidence_face_parameter_flag
	u(1)

		gfv_coordinate_present_flag
	u(1)

	
	


gfv_colour_calibration_flag equal to 1 indicates that the colour calibration is applied on the generated picture output by GenerativeNN( ). gfv_colour_calibration_flag equal to 1 indicates that the colour calibration is not applied on the generated picture output by GenerativeNN( ). When not present, the value of gfv_colour_calibration_flag is inferred to be 0.

The process StoreGFVOutputTensors( ) for deriving the output is specified as follows (each output picture derived by the process StoreGFVOutputTensors( ) is referred to as a GFV-output picture):
When gfv_base_pic_flag is equal to 0, the output sample array GfvOutYPic[ x ][ y ], GfvOutCbPic[ x ][ y ] and GfvOutCrPic[ x ][ y ] are derived as follows:
if( gfv_colour_calibration_flag ){ 
	decMeanY = 0
	genMeanY = 0
	for( x = 0; x < CroppedWidth; x++ )
		for ( y = 0; y < CroppedHeight; y++ ) {
			decPicY[ x ][ y ] = InpY( CroppedYPic[ x ][ y ] )
			decMeanY += decPicY[ x ][ y ] 
			genMeanY += genY [ x ][ y ] 
		}
	decMeanY = decMeanY ÷ ( CroppedWidth×CroppedHeight )
	genMeanY = genMeanY ÷ ( CroppedWidth×CroppedHeight )
	decVarY = 0
	genVarY = 0
	for( x = 0; x < CroppedWidth; x++ )
		for ( y = 0; y < CroppedHeight; y++ ) {
			decVarY += ( decPicY[ x ][ y ] – decMeanY ) × ( decPicY[ x ][ y ] – decMeanY )
			genVarY += ( genY [ x ][ y ] – genMeanY ) × ( genY [ x ][ y ] – genMeanY )
		}
	decVarY = Sqrt( decVarY ÷ ( CroppedWidth×CroppedHeight ) )
	genVarY = Sqrt( genVarY ÷ ( CroppedWidth×CroppedHeight ) )
	for( x = 0; x < CroppedWidth; x++ )
		for( y = 0; y < CroppedHeight; y++ ){
			genY [ x ][ y ] = ( genY – genMeanY ) ÷genVarY × decVarY + decMeanY
		}
	if( ChromaFormatIdc  !=  0 ){ 
		decMeanCb = 0
		decMeanCr = 0
		genMeanCb = 0
		genMeanCr = 0
		for( x = 0; x < CroppedWidth / SubWidthC; x++ )
			for ( y = 0; y < CroppedHeight / SubWidthC; y++ ) {
				decPicCb[ x ][ y ] = InpC(CroppedCbPic[ x ][ y ] ) 
				decMeanCb += decPicCb[ x ][ y ] 
				decPicCr[ x ][ y ] = InpC(CroppedCrPic[ x ][ y ] ) 
				decMeanCr += decPicCr[ x ][ y ] 
				genMeanCr += genCr[ x ][ y ] 
				genMeanCr += genCr[ x ][ y ] 
			}
		decMeanCb = decMeanCb ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC )
		decMeanCr = decMeanCr ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC )
		genMeanCb = genMeanCb ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC )
		genMeanCr = genMeanCr ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC )
		decVarCb = 0
		decVarCr = 0
		genVarCb = 0
		genVarCr = 0
		for( x = 0; x < CroppedWidth / SubWidthC; x++ )
			for ( y = 0; y < CroppedHeight / SubWidthC; y++ ) {
				decVarCb += ( decPicCb[ x ][ y ] – decMeanCb ) × (decPicCb[ x ][ y ] – decMeanCb )
				decVarCr += ( decPicCr[ x ][ y ] – decMeanCr ) × (decPicCr[ x ][ y ] – decMeanCr )
				genVarCb += ( genCb[ x ][ y ] – genMeanCb ) × (genCb[ x ][ y ] – genMeanCb )
				genVarCr += ( genCr[ x ][ y ] – genMeanCr ) × (genCr[ x ][ y ] – genMeanCr )
			}
		decVarCb = Sqrt( decVarCb ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC ) )
		decVarCr = Sqrt( decVarCr ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC ) )
		genVarCb = Sqrt (genVarCb ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC ) )
		genVarCr = Sqrt( genVarCr ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC ) )
		for( x = 0; x < CroppedWidth / SubWidthC; x++ )
			for ( y = 0; y < CroppedHeight / SubWidthC; y++ ) {
				genCb[ x ][ y ] = ( genCb – genMeanCb ) ÷ genVarCb × decVarCb + decMeanCb
				genCr[ x ][ y ] = ( genCr – genMeanCr ) ÷ genVarCr × decVarCr + decMeanCr
			}
	}
}
for( x = 0; x < CroppedWidth; x++ )
	for( y = 0; y < CroppedHeight; y++ )
		GfvOutYPic[ x ][ y ] = OutY( genY[ x ][ y ] )
if( ChromaFormatIdc  !=  0 )
	for( x = 0; x < CroppedWidth / SubWidthC; x++ )
		for( y = 0; y < CroppedHeight / SubHeightC; y++ ) {
			GfvOutCbPic[ x ][ y ] = OutC( genCb[ x ][ y ] )
			GfvOutCrPic[ x][ y ] = OutC( genCr[ x ][ y ] )
		}
Option 2
In option 2, instead of calculating the distribution parameters of the current decoded picture, the targe distribution parameters are signaled in the GFV SEI message when calibration flag is on. This allows the encoder to use the original pictures to derive the target distribution parameters such that more accurate calibration can be applied to the generated pictures.
The proposed syntax and semantics changes are as follows.
	generative_face_video ( payloadSize ) {
	Descriptor

	…
	

		} else {
	ue(v)

			gfv_drive_pic_fusion_flag /* indicate if DrivePicture is input to GenerativeNN( ) */
	ue(v)

			gfv_colour_calibration_flag
	u(1)

			if( gfv_colour_calibration_flag ) {
	

				gfv_colour_bitdepth_minus8
	ue(v)

				gfv_single_component_flag
	u(1)

				for (cIdx = 0; cIdx < (gfv_single_component_flag ? 1 : 3 ); cIdx++ ) { 
	

					gfv_colour_mean[ cIdx ]
	u(v)

					gfv_colour_dev[ cIdx ]
	ue(v)

				}
	

			}
	

		}
	

		gfv_low_confidence_face_parameter_flag
	u(1)

		gfv_coordinate_present_flag
	u(1)

	
	


gfv_colour_calibration_flag equal to 1 indicates that the colour calibration is applied on the generated picture output by GenerativeNN( ). gfv_colour_calibration_flag equal to 1 indicates that the colour calibration is not applied on the generated picture output by GenerativeNN( ). When not present, the value of gfv_colour_calibration_flag is inferred to be 0.
gfv_colour_bitdepth_minus8 plus 8 specifies the length, in bits, of the gfv_color_mean[ i ] syntax elements. The value of shall be in the range of 0 to 8.
[bookmark: _Hlk192959248][bookmark: _Hlk192959360]gfv_single_component_flag equal to 1 specifies that the decoded picture and the generated picture output by GenerativeNN( ) contains a single colour component. gfv_single_component_flag equal to 0 specifies that the decoded picture and the generated picture output by GenerativeNN( ) contains three colour components. The value of gfv_single_component_flag shall be equal to ( ChromaFormatIdc = = 0 ).
gfv_colour_mean[ cIdx ] indicates the target mean of the sample values used for colour calibration for the cIdx-th colour component used for colour calibration. 
[bookmark: _Hlk192959406]gfv_colour_dev[ cIdx ] indicates the target standard deviation of the sample values used for colour calibration for the cIdx-th colour component. The value of gfv_colour_dev[ cIdx ] shall be in the range of 0 to (1<< gfv_colour_bitdepth_minus8+8) – 1

The process StoreGFVOutputTensors( ) for deriving the output is specified as follows (each output picture derived by the process StoreGFVOutputTensors( ) is referred to as a GFV-output picture):
When gfv_base_pic_flag is equal to 0, the output sample array GfvOutYPic[ x ][ y ], GfvOutCbPic[ x ][ y ] and GfvOutCrPic[ x ][ y ] are derived as follows:
if (gfv_colour_calibration_flag){ 
	genMeanY = 0
	for( x = 0; x < CroppedWidth; x++ )
		for ( y = 0; y < CroppedHeight; y++ ) {
			genMeanY += genY [ x ][ y ] 
		}
	genMeanY = genMeanY ÷ ( CroppedWidth×CroppedHeight )
	genVarY = 0
	for( x = 0; x < CroppedWidth; x++ )
		for ( y = 0; y < CroppedHeight; y++ ) 
			genVarY += ( genY [ x ][ y ] – genMeanY) × (genY [ x ][ y ] – genMeanY) 
	genVarY = Sqrt(genVarY ÷ ( CroppedWidth×CroppedHeight ) )
	for( x = 0; x < CroppedWidth; x++ )
		for ( y = 0; y < CroppedHeight; y++ ) {
			genY[ x ][ y ] = ( genY – genMeanY ) ÷ genVarY × gfv_colour_dev[ 0 ] + gfv_colour_mean[ 0 ]
		}
	if( ChromaFormatIdc  !=  0 ){ 
		genMeanCb = 0
		genMeanCr = 0
		for( x = 0; x < CroppedWidth / SubWidthC; x++ )
			for( y = 0; y < CroppedHeight / SubWidthC; y++ ) {
				genMeanCr += genCr[ x ][ y ] 
				genMeanCr += genCr[ x ][ y ] 
			}
		genMeanCb = genMeanCb ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC )
		genMeanCr = genMeanCr ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC )
		genVarCb = 0
		genVarCr = 0
		for( x = 0; x < CroppedWidth / SubWidthC; x++ )
			for( y = 0; y < CroppedHeight / SubWidthC; y++ ) {
				genVarCb += ( genCb[ x ][ y ] – genMeanCb ) × ( genCb[ x ][ y ] – genMeanCb )
				genVarCr += ( genCr[ x ][ y ] – genMeanCr ) × ( genCr[ x ][ y ] – genMeanCr )
			}
		genVarCb = Sqrt( genVarCb ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC ) )
		genVarCr = Sqrt( genVarCr ÷ ( CroppedWidth / SubWidthC×CroppedHeight / SubWidthC ) )
		for( x = 0; x < CroppedWidth / SubWidthC; x++ )
			for ( y = 0; y < CroppedHeight / SubWidthC; y++ ) {
				genCb [ x ][ y ] = ( genCb – genMeanCb ) ÷ genVarCb ×gfv_colour_dev[ 1 ] + gfv_colour_mean[ 1 ]
				genCr [ x ][ y ] = ( genCr – genMeanCr ) ÷ genVarCr × gfv_colour_dev[ 2 ] + gfv_colour_mean[ 2 ]
			}
	}
}
for( x = 0; x < CroppedWidth; x++ )
	for( y = 0; y < CroppedHeight; y++ )
		GfvOutYPic[ x ][ y ] = OutY( genY[ x ][ y ] )
if( ChromaFormatIdc  !=  0 )
	for( x = 0; x < CroppedWidth / SubWidthC; x++ )
		for( y = 0; y < CroppedHeight / SubHeightC; y++ ) {
			GfvOutCbPic[ x ][ y ] = OutC( genCb[ x ][ y ] )
			GfvOutCrPic[ x][ y ] = OutC( genCr[ x ][ y ] )
		}
Option 3
In option 3, to give more freedom to the decoder, only an indication flag is added to indicate whether the current decoded picture can be used for the colour calibration of the generated picture. The decoder can decide by itself whether to perform the colour calibration for the current generated picture and how to perform it.
The proposed syntax and semantics changes are as follows.
	generative_face_video ( payloadSize ) {
	Descriptor

	…
	

		} else {
	ue(v)

			gfv_drive_pic_fusion_flag /* indicate if DrivePicture is input to GenerativeNN( ) */
	ue(v)

			gfv_colour_calibration_ref_flag
	u(1)

		}
	

		gfv_low_confidence_face_parameter_flag
	u(1)

		gfv_coordinate_present_flag
	u(1)

	
	


gfv_colour_calibration_ref_flag equal to 1 indicates that the current decoded picture is suitable for the purpose of colour calibration of the generated picture output by GenerativeNN( ). gfv_colour_calibration_ref_flag equal to 0 indicates that the current decoded picture may or may not be suitable for the purpose of colour calibration of the generated picture output by GenerativeNN( ).
NOTE x – When gfv_colour_calibration_ref_flag is equal to 1, the current decoded picture could be used for the colour calibration of the generated picture output by GenerativeNN() to improve the subjective quality. For example, the sample values of the generated picture can be adjusted as follows so that the mean and variance of the sample values of the generated picture are the same as those of the sample values of the decoded picture:
calSample[ x ][ y ] = ( genSample[ x ][ y ] – genMean ) ÷ genVar × decVar + decMean
where genSample[ x ][ y ] is sample value of the generated picture output by GenerativeNN() and calSample[ x ][ y ] is the corresponding calibrated sample value. genMean and genVar are the mean and standard deviation of the sample values of the generated picture output by GenerativeNN(), respectively. decMean and decVar are the mean and standard deviation of sample values of the current decoded picture, respectively.
Conclusion
This contribution proposes to optionally perform the color calibration on the pictures generated with the GFV SEI message. Two options are provided with difference in determination of the target color distribution parameters (derived based on the decoded picture versus directly signaled in the bitstream)Three options are provided. According to the experiments conducted in this contribution, the proposed color calibration solves the color shift issue and improves the subjective quality. Thus, it is suggested to adopt one of the proposed options the proposed GFV SEI message changes (either option 1 or option 2) to VSEI. 
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