	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG21 WP3/21 and ISO/IEC JTC 1/SC 29
40th Meeting: Geneva, CH, 3–12 October 2025
	Document: JVET-AN0124-v2


[image: ]
	Title:
	AHG9: Additional features in display rectangles SEI message

	Status:
	Input document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Ruri Imichi 
Yasuaki Tokumo
Tomohiro Ikai
	Email:
	imichi.ruri@mail.sharp

	Source:
	Sharp Corporation


_____________________________
Abstract
The display rectangles (DR) SEI message is specified in technologies under consideration for future extensions of VSEI (version 9) in JVET-AM2032.
It is asserted that the current display rectangles (DR) SEI message has three problems:
1. There is no functionality to fill the i-th rectangle with a gradient.
1. The decoded picture can be centered relative to the i-th display rectangle without additional syntax, but there is no functionality to do that.
1. Some editorial improvements should be conducted.
1 Aspect 1: Gradient feature as the additional fill mode
1.1 Problem statement
Gradient functionality is extensively utilized in various applications to fill areas. It plays a vital role in modern visual design, offering smooth transitions between colors that help convey depth and focus. However, the gradation method is not present in the current design of display rectangles (DR) SEI message.
1.2 Proposed modification
The value of dr_fill_method[ i ] is extended to include gradient. dr_fill_gradient_idc[ i ] is introduced to specify the type of gradient, i.e. horizontal, vertical, bottom right diagonal, and bottom left diagonal. The gradient is fulfilled to fill the weighted average value using newly introduced values dr_fill_start_value and dr_fill_end_value depending on the pixel position.
Text that are added are indicated by yellow highlight. Text that are removed are indicated by red, strickenthrough font.
	display_rectangles( payloadSize ) {
	Descriptor

		dr_cancel_flag
	u(1)

		if( !dr_cancel_flag ) {
	

			dr_pos_updates_flag
	u(1)

			dr_log2_unit_size
	u(8)

			dr_rect_size_len_minus1
	u(4)

			dr_num_rect_minus1
	u(4)

			if ( !dr_pos_updates_flag ) {
	

				dr_assigned_rect_id_present_flag
	u(1)

				if( dr_assigned_rect_id_present_flag )
	

					for( i = 0; i <= dr_num_rect_minus1; i++ )
	

						dr_assigned_rect_id[ i ]
	ue(v)

				for( i = 0; i <= dr_num_rect_minus1; i++ )
	

					dr_display_aspect_ratio[ i ]
	u(4)

				for( i = 0; i <= dr_num_rect_minus1; i++ ) {
	

					dr_rect_width[ i ]
	u(v)

					if ( dr_display_aspect_ratio[ i ] = = 0 )
	

						dr_rect_height[ i ]
	u(v)

					if ( dr_display_aspect_ratio[ i ] != 1 ) {
	

						dr_fill_method_present_flag[ i ]
	u(1)

						if (dr_fill_method_present_flag[ i ] )
	

							dr_fill_method_idc[ i ]
	u(3)

						if ( dr_fill_method_idc[ i ] = = 0 | | dr_fill_method_idc[ i ] = = 3) 
	

							dr_three_colour_comp_flag[ i ]
	u(1)

						if ( dr_fill_method_idc[ i ] = = 0 ) {
	

							dr_three_colour_comp_flag[ i ]
	u(1)

							dr_fill_bit_depth_minus8[ i ]
	ue(v)

							for ( j = 0 ; j < dr_three_colour_comp_flag[ i ] ? 3 : 1; j++) 
	

								dr_fill_value[ i ][ j ]
	u(v)

						} else if ( dr_fill_method_idc[ i ] = = 2 ) {
	

							dr_fill_blur_sigma[ i ]
	u(8)

							dr_fill_blur_kernel_param_minus1[ i ]
	u(8)

							dr_fill_content_width[ i ]
	u(v)

						} else if ( dr_fill_method_idc[ i ] = = 3 ) {
	

							dr_fill_gradient_idc[ i ]
	u(3)

							for ( j = 0 ; j < dr_three_colour_comp_flag[ i ] ? 3 : 1; j++) {
	

								dr_fill_start_value[ i ][ j ]
	u(v)

								dr_fill_end_value[ i ][ j ]
	u(v)

							}
	

						}
	

	…
	

	}
	


dr_fill_method_idc[ i ], when present, indicates the filling method applied to the i-th rectangle as specified in Table Y. When not present, the value of dr_fill_method_idc[ i ] is inferred to be equal to 0. The value of dr_fill_method_idc[ i ] shall be in the range of 0 to 2 3, inclusive. in bitstreams conforming to this version of this Specification. The values of 3 4 to 8, inclusive, for dr_fill_method_idc[ i ] are reserved for future use by ITU-T | ISO/IEC. Although the value of dr_fill_method_idc[ i ] e is required to be in the range of 0 to 2 3, inclusive, in this version of this Specification, decoders shall allow values of dr_fill_method_idc[ i ] in the range of 3 4 to 7, inclusive, to appear in the syntax, in which case the filling method is undefined.
Table Y – Mapping of dr_fill_method_idc[ i ]
	dr_fill_method_idc[ i ]
	Method

	0
	Constant value

	1
	Spatial extrapolation

	2
	Replication with scaling and blurring

	3
	gradient

	3 4 .. 8
	Reserved


dr_fill_start_value[ i ][ j ] indicates the fill value for the j-th colour component of the i-th rectangle at the gradient start position when dr_fill_method_idc[ i ] equal to 3. The length of the syntax element is initBitDepth[ i ] bits. When not present, the value of dr_fill_start_value[ i ][ 0 ] is inferred to be equal to 0 and the values of dr_fill_start_value[ i ][ 1 ] and dr_fill_start_value[ i ][ 2 ] are inferred to be equal to 1 << ( BitDepth − 1 ) for i in the range of 0 to dr_num_rect_minus1, inclusive.
dr_fill_end_value[ i ][ j ] indicates the fill value for the j-th colour component of the i-th rectangle at the gradient end position when dr_fill_method_idc[ i ] equal to 3. The length of the syntax element is initBitDepth[ i ] bits. When not present, the value of dr_fill_end_value[ i ][ 0 ] is inferred to be equal to 1 << BitDepth − 1 and the values of dr_fill_end_value[ i ][ 1 ] and dr_fill_end_value[ i ][ 2 ] are inferred to be equal to 1 << ( BitDepth − 1 ) for i in the range of 0 to dr_num_rect_minus1, inclusive.
dr_fill_gradient_idc[ i ], when present, indicates the gradation method applied to the i-th rectangle as specified in Table Z. The value of dr_gradient_idc[ i ] shall be range of 0 to 3, inclusive, in bitstreams conforming to this version of this Specification. The values of 4 to 7, inclusive, for dr_fill_gradient_idc[ i ] are reserved for future use by ITU-T | ISO/IEC. Although the value of dr_fill_gradient_idc[ i ] is required to be in the range of 0 to 3, inclusive, in this version of this Specification, decoders shall allow values of dr_fill_gradient_idc[ i ] in the range of 4 to 7, inclusive, to appear in the syntax, in which case the filling method is undefined.
Table Z – Mapping of dr_fill_gradient_idc[ i ]
	dr_fill_gradient_idc[ i ]
	Method

	[bookmark: _Hlk209697727]0
	horizontal gradient

	1
	vertical gradient

	2
	bottom right radial gradient

	3
	bottom left radial gradient

	4 .. 7
	Reserved



[bookmark: _Hlk209807772][bookmark: _Hlk209807792]	if( dr_fill_method_idc[ selIdx ] = = 0 )  {
		for( y = 0; y < DrRectHeight [ selIdx ]; y++ ) 
			for( x = 0; x < DrRectWidth [ selIdx ]; x++ ) 
				DrDisplay [ selIdx ][ 0 ][ x ][ y ] = dr_fill_value[ selIdx ][ 0 ] 

		for( cIdx = 1; cIdx < ((ChromaFormatIdc = = 0 ) ? 1 : 3 ); cIdx++ )  {
			for( y = 0; y < DrRectHeight [ selIdx ]/ SubHeightC; y++ ) 
				for( x = 0; x < DrRectWidth [ selIdx ]/ SubWidthC; x++ )
					DrDisplay [ selIdx ][ cIdx ][ x ][ y ] = dr_fill_value[ selIdx ][ cIdx ] 
	} else if( dr_fill_method_idc[ selIdx ] = = 1 )  {
		Extrapolate(DrDisplay [ selIdx ], DecodedPicture, dr_fill_top_left_x[ selIdx ], dr_fill_top_left_y[ selIdx ], 
										 DrFillWidth[ selIdx ], DrFillHeight[ selIdx ] )
	} else if( dr_fill_method_idc[ selIdx ] = = 2 )  {
		Blur(DrDisplay [ selIdx ], DecodedPicture, dr_fill_top_left_x[ selIdx ], dr_fill_top_left_y[ selIdx ], 
										 DrFillWidth[ selIdx ], DrFillHeight[ selIdx ], DrKernelSize[ selIdx ], DrSigma[ selIdx ] )
	} else if ( dr_fill_method_idc[ selIdx ] = = 3 ) {
		for( y = 0; y < DrRectHeight[ selIdx ]; y++ )
			for( x = 0; x < DrRectWidth[ selIdx ]; x++ )
				if ( dr_fill_gradient_idc[ selIdx ] = = 0 ) {
					DrDisplay[ selIdx ][ 0 ][ x ][ y ] = ( dr_fill_end_value[ selIdx ][ 0 ] – dr_fill_start_value[ selIdx ][ 0 ] ) * x / DrRectWidth[ selIdx ] + dr_fill_start_value[ selIdx ][ 0 ]
				} else if ( dr_fill_gradient_idc[ selIdx ] = = 1 ) {
					DrDisplay[ selIdx ][ 0 ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ 0 ] – dr_fill_start_value[ selIdx ][ 0 ]) * y / DrRectHeight[ selIdx ] + dr_fill_start_value[ selIdx ][ 0 ]
				} else if ( dr_fill_gradient_idc[ selIdx ] = = 2 ) {
					DrDisplay[ selIdx ][ 0 ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ 0 ] – dr_fill_start_value[ selIdx ][ 0 ]) * sqrt( x2 + y2 ) / sqrt( ( DrRectWidth[ selIdx ] )2 + ( DrRectHeight[ selIdx ] )2 ) + dr_fill_start_value[ selIdx ][ 0 ]
				} else if ( dr_fill_gradient_idc[ selIdx ] = = 3 ) {
					DrDisplay [ selIdx ][ 0 ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ 0 ] – dr_fill_start_value[ selIdx ][ 0 ]) * sqrt( (  DrRectWidth[ selIdx ] – x )2 + y2 ) / sqrt( ( DrRectWidth[ selIdx ] )2 + ( DrRectHeight[ selIdx ] )2 ) + dr_fill_start_value[ selIdx ][ 0 ]
				}
			}
		} for( cIdx = 1; cIdx < ( ( ChromaFormatIdc = = 0 ) ? 1 : 3 ); cIdx++ ) {
			for( y = 0; y < DrRectHeight[ selIdx ] / SubHeightC; y++ )
				for( x = 0; x < DrRectWidth[ selIdx ]/ SubWidthC; x++ )
					if ( dr_fill_gradient_idc[ selIdx ] = = 0 ) {
						DrDisplay[ selIdx ][ cIdx ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ cIdx ] – dr_fill_start_value[ selIdx ][ cIdx ]) * x / ( DrRectWidth[ selIdx ] / SubWidthC ) + dr_fill_start_value[ selIdx ][ cIdx ]
					} else if ( dr_fill_gradient_idc[ selIdx ] = = 1 ) {
									DrDisplay[ selIdx ][ cIdx ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ cIdx ] – dr_fill_start_value[ selIdx ][ cIdx ]) * y / ( DrRectHeight[ selIdx ] / SubHeightC ) + dr_fill_start_value[ selIdx ][ cIdx ]
[bookmark: _Hlk209704862]					} else if ( dr_fill_gradient_idc[ selIdx ] = = 2 ) {
									DrDisplay [ selIdx ][ cIdx ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ cIdx ] – dr_fill_start_value[ selIdx ][ cIdx ]) * sqrt( x2 + y2 ) / sqrt( ( DrRectWidth[ selIdx ] / SubWidthC )2 + ( DrRectHeight[ selIdx ] / SubHeghtC )2 ) + dr_fill_start_value[ selIdx ][ cIdx ]
					} else if ( dr_fill_gradient_idc[ selIdx ] = = 3 ) {
									DrDisplay [ selIdx ][ cIdx ][ x ][ y ] = (dr_fill_end_value[ selIdx ][ cIdx ] – dr_fill_start_value[ selIdx ][ cIdx ]) * sqrt( ( DrRectWidth[ selIdx ] – x )2 + y2 ) / sqrt( ( DrRectWidth[ selIdx ] / SubWidthC )2 + ( DrRectHeight[ selIdx ] / SubHeightC )2 ) + dr_fill_start_value[ selIdx ][ cIdx ]
					}
				}
			}
		}
	}

[bookmark: _Hlk209187935]	for( y0 = 0, y = DrRectTopLeftY [ selIdx ]; y0 < DrRectHeight[ selIdx ]; y0++, y++ ) {
		yInCodedPic = ( y > = 0 ) && ( y < CroppedHeight[ selIdx ] )
		for( x0 = 0, x = DrRectTopLeftX [ selIdx ]; x0 < DrRectWidth[ selIdx ]; x0++, x++ ) {
			xInCodedPic = ( x > = 0 ) && ( x < CroppedWidth[ selIdx ] ) 
			if ( yInCodedPic & & xInCodedPic ) 
				DrDisplay [ selIdx ][ 0 ][ x0 ][ y0 ] = DecodedPicture[ 0 ][ x ][ y ] 
		}

	for( cIdx = 1; cIdx < (ChromaFormatIdc = = 0 ? 1 : 3); cIdx++ ) {
		for( y0 = 0, y = DrRectTopLeftY [ selIdx ] ]/SubHeightC; y0 < DrRectHeight[ selIdx ] ]/SubHeightC; 
											y0++, y++ ) {
			yInCodedPic = ( y > = 0 ) & & ( y < CroppedHeight[ selIdx ]/SubHeightC )
			for( x0 = 0, x = DrRectTopLeftX [ selIdx ]/SubWidthC; x0 < DrRectWidth [ selIdx ]/SubWidthC; 
											x0++, x++ ) {
				xInCodedPic = ( x > = 0 ) & & ( x < CroppedWidth[ selIdx ]/SubWidthC ) 
				if ( yInCodedPic & & xInCodedPic ) 
					DrDisplay [ selIdx ][ cIdx ][ x0 ][ y0 ] = DecodedPicture[ cIdx ][ x ][ y ] 	
			}
		}
	}
2 Aspect 2: Center alignment feature
2.1 Problem statement
The current design of display rectangle (DR) SEI message requires four syntax to signal position of the i-th rectangles. However, typical use case is asserted to center-align in which no signaling is required.
2.2 Proposed modification
dr_center_flag is added to determine whether the decoded picture is centered on the i-th rectangle.
Text that are added are indicated by yellow highlight. Text that are removed are indicated by red, strickenthrough font.
					dr_center_flag[ i ]
	u(1)

					if ( !dr_center_flag[ i ] ) {
	

						dr_rect_top_left_x[ i ]
	u(v)

						if( dr_rect_top_left_x[ i ] > 0 )
	

							dr_rect_top_left_x_sign[ i ]
	u(1)

							dr_rect_top_left_y[ i ]
	u(v)

						if( dr_rect_top_left_y[ i ] > 0 )
	

							dr_rect_top_left_y_sign[ i ]
	u(1)

					}
	


[bookmark: _Hlk209632397]dr_center_flag[ i ] equal to 1 specifies that the decoded picture is centered relative to the i-th display rectangle without dr_rect_top_left_x[ i ], dr_rect_top_left_y[ i ], dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ]. dr_center_flag[ i ] equal to 0, specifies that dr_rect_top_left_x[ i ], dr_rect_top_left_y[ i ], dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ] are signalled for i in the range of 0 to dr_num_rect_minus1, inclusive.
dr_rect_top_left_x_sign[ i ] and dr_rect_top_left_y_sign[ i ] specify the sign to be applied to dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ], respectively. When not present, the values of dr_rect_top_left_x_sign[ i ] and dr_rect_top_left_y_sign[ i ] are set to the values of corresponding syntax elements, respectively, in the previous DR SEI message in output order.
The variables DrRectTopLeftX[ i ] and DrRectTopLeftY[ i ] are derived as follows:
DrRectTopLeftX[ i ] = (dr_rect_top_left_x[ i ] > 0) ?
				(( dr_rect_top_left_x_sign[ i ] = = 0 ? 1 : –1 ) * dr_rect_top_left_x[ i ]) : 0
DrRectTopLeftY[ i ] = (dr_rect_top_left_y[ i ] > 0) ?
				(( dr_rect_top_left_y_sign[ i ] = = 0 ? 1 : –1 ) * dr_rect_top_left_y[ i ]) : 0
if( dr_center_flag ){
	DrRectTopLeftX[ i ] = − (DrRectWidth[ i ] − CroppedWidth[ i ]) / 2
	DrRectTopLeftY[ i ] = − (DrRectHeight[ i ] − CroppedHeight[ i ]) / 2
}else {
	DrRectTopLeftX[ i ] = (1−2*dr_rect_top_left_x_sign[ i ]) * dr_rect_top_left_x[ i ]
	DrRectTopLeftY[ i ] = (1−2*dr_rect_top_left_y_sign[ i ]) * dr_rect_top_left_y[ i ]
}
[bookmark: _Hlk192659870]It is a requirement of bitstream conformance that DrRectTopLeftX[ i ] % SubWidthC shall be equal to 0.and DrRectTopLeftY[ i ] % SubHeightC shall be equal to 0.
3 Aspect 3: Editorial improvements
3.1 Proposed improvements
There are some mistakes, and it should be possible to simplify the calculations within the semantics of the Display Rectangles SEI message.
Text that are added are indicated by yellow highlight. Text that are removed are indicated by red, strickenthrough font.
[bookmark: _Hlk209613197]8.50.1 Display rectangles SEI message semantics
dr_pos_updates_flag equal to 0 indicates that the SEI message provides descriptions of one or more display rectangles used to form display pictures from the cropped decoded picture. dr_pos_updates_flag equal to 1 indicates that the SEI message contains an update of one or multiple more display rectangles. The value of dr_pos_updates_flag in the first display rectangles SEI present in the CLVS shall be equal to 0. 
dr_fill_method_idc[ i ], when present, indicates the filling method applied to the i-th rectangle as specified in Table Y. When not present, the value of dr_fill_method_idc[ i ] is inferred to be equal to 0. The value of dr_fill_method_idc[ i ] shall be in the range of 0 to 2, inclusive. , in bitstreams conforming to this version of this Specification. The values of 3 to 8 7, inclusive, for dr_fill_method_idc[ i ] are reserved for future use by ITU-T | ISO/IEC. Although the value of dr_fill_method_idc[ i ] e is required to be in the range of 0 to 2, inclusive, in this version of this Specification, decoders shall allow values of dr_fill_method_idc[ i ] in the range of 3 to 7, inclusive, to appear in the syntax, in which case the filling method is undefined.
[bookmark: _Hlk209631005]Table Y – Mapping of dr_fill_method_idc[ i ]
	dr_fill_method_idc[ i ]
	Method

	0
	Constant value

	1
	Spatial extrapolation

	2
	Replication with scaling and blurring

	3 .. 8 7
	Reserved


dr_fill_value[ i ][ j ] indicates the fill value for the j-th colour component of the i-th rectangle. The length of the syntax element is initBitDepth[ i ] bits. When not present, the value of dr_fill_value[ i ][ 0 ] is inferred to be equal to 0 and the values of dr_fill_value[ i ][ 1 ] and dr_fill_value[ i ][ 2 ] are inferred to be equal to 1 << ( BitDepth − 1 ) for i in the range of 0 to dr_num_rect_minus1, inclusive.
dr_rect_top_left_x_sign[ i ] and dr_rect_top_left_y_sign[ i ] specify the sign to be applied to dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ], respectively. When not present, the values of dr_rect_top_left_x_sign[ i ] and dr_rect_top_left_y_sign[ i ] are set to the values of corresponding syntax elements, respectively, in the previous DR SEI message in output order.
The variables DrRectTopLeftX[ i ] and DrRectTopLeftY[ i ] are derived as follows:
DrRectTopLeftX[ i ] = (dr_rect_top_left_x[ i ] > 0) ?
				(( dr_rect_top_left_x_sign[ i ] = = 0 ? 1 : –1 ) * dr_rect_top_left_x[ i ]) : 0
DrRectTopLeftY[ i ] = (dr_rect_top_left_y[ i ] > 0) ?
				(( dr_rect_top_left_y_sign[ i ] = = 0 ? 1 : –1 ) * dr_rect_top_left_y[ i ]) : 0
DrRectTopLeftX[ i ] = (1−2*dr_rect_top_left_x_sign[ i ]) * dr_rect_top_left_x[ i ]
DrRectTopLeftY[ i ] = (1−2*dr_rect_top_left_y_sign[ i ]) * dr_rect_top_left_y[ i ]
It is a requirement of bitstream conformance that DrRectTopLeftX[ i ] % SubWidthC shall be equal to 0.and DrRectTopLeftY[ i ] % SubHeightC shall be equal to 0.
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