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Abstract
It is asserted that the current display rectangles (DR) SEI message has two problems:
1. Lacks the signaling of kernel size which is needed for Gaussian blurring operation. The lack of such signalling may lead to inconsistencies in blur effects and computational complexity.
2. The blur sigma value is defined as an integer, whereas floating-point representation allows for finer control over blur intensity.
This contribution proposes to introduce kernel size signaling and support floating-point sigma values, improving consistency, flexibility, and accuracy in blur effect.
On the signaling of kernel size for Gaussian blur
Problem description
The DR SEI message allows Gaussian blur as a filling method but currently only signals the blur sigma, without specifying the kernel size used for the filter.
This omission introduces the following problems:
· Inconsistent blur effect:
Without using the same kernel size that is used at encoder side, the intended blur effect may vary across different devices (e.g., depending on the libraries used or implementation), making it challenging to maintain consistency. Since the effect of Gaussian blur is influenced not only by the sigma value but also by the kernel size, the resulting blur can appear differently even when the same sigma value is used. Figure 1 demonstrates this phenomenon by showing how different kernel sizes affect the blur effect under a fixed sigma value.
[image: ]
Figure 1. Effect of Different Kernel Sizes with the same Sigma
· Inconsistent computational complexity and memory usage:
If the kernel size is not explicitly specified, it is chosen depending on the implementation (e.g., k=⌈6σ+1⌉, where k is the kernel size). As a result, the computational load and memory usage for applying blur may vary, which can be problematic in environments requiring precise control over these factors.
Proposal
It is proposed to add the signaling of the kernel size for the Gaussian blur in the DR SEI message. Kernel size of 0, 1, and 2 are not meaningful, and it should be an odd number starting from 3. Therefore, the kernel size K can be calculated as follows:
K = 2×n+1, where n=1,2,3,…
Text that are added are indicated by yellow highlight. Text that are removed are indicated by red, strickenthrough font.
Display rectangles SEI message syntax
	display_rectangles( payloadSize ) {
	Descriptor

	…
	

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

					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_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)

					}
	

				}
	

			}
	

	…
	



Display rectangles SEI message semantics
…
dr_fill_blur_kernel_param_minus1[ i ] plus 1 represents the parameter used to calculate the kernel size. 
The variable DrKernelSize[ i ] is derived as follows: 
DrKernelSize[ i ] = 2 * (dr_fill_blur_kernel_param_minus1[  i ] +1) + 1

…
[bookmark: _Hlk192384997]When a value of selIdx is selected, it is recommend to form a picture intended for display, DrDisplay[ selIdx ],  of luma resolution DrRectWidth[ selIdx ] x DrRectHeight[ selIdx ] and chroma format ChromaFormatIdc, derived as follows:

	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 ], dr_fill_blur_sigma[ selIdx ] )
	}

…
On the signaling of sigma value for Gaussian blur
Problem description
The current DR SEI message defines the sigma value for Gaussian blur as an integer. However, the sigma value is generally defined as a floating-point number. This aligns with widely used libraries such as OpenCV, torchvision (PyTorch), and TensorFlow’s tf.image module, where using a float allows for more precise blur intensity control. Supporting floating-point sigma values ensures completeness in the design and allows for more flexible user adjustments. 
Proposal
It is proposed to modify the signaling of sigma values to support floating-point representation for the Gaussian blur in the DR SEI message.
Text that are added are indicated by yellow highlight. Text that are removed are indicated by red, strickenthrough font.
Display rectangles SEI message syntax

	display_rectangles( payloadSize ) {
	Descriptor

	…
	

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

					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_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_sigma_numerator_minus1[ i ]
	u(12)

						dr_fill_blur_sigma_denominator_minus1[ i ] 
	u(4)

						dr_fill_content_width[ i ]
	u(v)

					}
	

				}
	

			}
	

	…
	




Display rectangles SEI message semantics
…
dr_fill_blur_sigma[ i ], when present, specifies the sigma parameter of the gaussian blur to be applied for the filling of the i-th display rectangle. 

dr_fill_blur_sigma_numerator_minus1[ i ] plus 1, when present, specifies the numerator used to calculate the sigma value of the blur applied to the i-th display rectangle.
dr_fill_blur_sigma_denominator_minus1[ i ] plus 1, when present, specifies the denominator used to calculate the sigma value of the blur applied to the i-th display rectangle.
The variable DrSigma[ i ] is derived as follows:
DrSigma[ i ] = (dr_fill_blur_sigma_numerator_minus1[ i ] + 1) / ( dr_fill_blur_sigma_denominator_minus1 [ i ] + 1)
…

When a value of selIdx is selected, it is recommend to form a picture intended for display, DrDisplay[ selIdx ],  of luma resolution DrRectWidth[ selIdx ] x DrRectHeight[ selIdx ] and chroma format ChromaFormatIdc, derived as follows:

	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 ], 
           dr_fill_blur_sigma[ selIdx ] DrSigma[ selIdx ] )
	}

…
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