
[bookmark: _Toc104297055][bookmark: _Toc147245481]Film grain characteristics SEI message
[bookmark: _Toc104297056][bookmark: _Toc147245482]Film grain characteristics SEI message syntax

	film_grain_characteristics( payloadSize ) {
	Descriptor

		fg_characteristics_cancel_flag
	u(1)

		if( !fg_characteristics_cancel_flag ) {
	

			…
	

			fg_characteristics_persistence_flag
	u(1)

			if( more_data_in_payload( ) && payload_extension_present( ) ) {
	

					SeiExtensionBitsPresentFlag = 1
	

				fg_spatial_resolution_present_flag
	u(1)

				if( fg_spatial_resolution_present_flag ) {
	

					fg_pic_width_in_luma_samples
	ue(v) 

					fg_pic_height_in_luma_samples
	ue(v)

				}
	

			}
	

		}
	

	}
	



[bookmark: _Toc104297057][bookmark: _Toc147245483]Film grain characteristics SEI message semantics
This SEI message provides the decoder with a parameterized model for a film grain synthesis process. The film grain synthesis process should be applied to the decoded pictures prior to their display.
NOTE 1 – For example, an encoder could use the film grain characteristics SEI message to characterize film grain that was present in the original source video material and was removed by pre-processing filtering techniques. Synthesis of simulated film grain on the input images, which could be the decoded pictures or converted from the decoded pictures, for the display process is optional and does not necessarily exactly follow the specified semantics of the film grain characteristics SEI message. When synthesis of simulated film grain on the input images for the display process is performed, there is no requirement that the method by which the synthesis is performed be the same as the parameterized model for the film grain as provided in the film grain characteristics SEI message.
NOTE 2 – The display process is not specified in this Specification.
NOTE 3 – SMPTE RDD 5 (2006) specifies a film grain simulator based on the information provided in the film grain characteristics SEI message.
Use of this SEI message requires the definition of the following variables:
–	A picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
–	When the syntax element fg_separate_colour_description_present_flag of the film grain characteristics SEI message is equal to 0, the following additional variables:
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in clause 7.3.
–	A bit depth for the samples of the luma component, denoted herein by BitDepthY, and when ChromaFormatIdc is not equal to 0, a bit depth for the samples of the two associated chroma components, denoted herein by BitDepthC.
The variables fgPicWidth and fgPicHeight are derived as follows:
–	If fg_spatial_resolution_present_flag is equal to 0, fgPicWidth and fgPicHeight are set equal to PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
–	Otherwise (fg_spatial_resolution_present_flag is equal to 1), fgPicWidth and fgPicHeight are set equal to fg_pic_width_in_luma_samples and fg_pic_height_in_luma_samples, respectively.
NOTE 4 – The syntax elements fg_spatial_resolution_present_flag, fg_pic_width_in_luma_samples, and fg_pic_height_in_luma_samples were introduced in a later version of this Specification. These syntax elements enable indication of film grain models to be applied to a spatial resolution different from that of the decoded video. 
When fg_pic_width_in_luma_samples is different from the decoded picture width or fg_pic_height_in_luma_samples is different from the decoded picture height, the decoded pictures are resampled (using a method not specified in this Specification) before the film grain synthesis process is applied. 
NOTE 5 – For bitstreams conforming to earlier versions of this Specification the film grain models are expressed for application to the spatial resolution of the decoded pictures. However, receivers that perform resolution conversion (such as up-sampling) using a method not specified in this Specification, could, if desired, reinterpret the film grain parameters (using a method not specified in this Specification) and apply film grain synthesis after resolution conversion. 
The film grain models specified in the film grain characteristics SEI message are expressed for application to decoded pictures that have 4:4:4 colour format and a width of fgPicWidth and height of fgPicHeight with luma and chroma bit depths corresponding to the luma and chroma bit depths of the film grain model and use the same colour representation domain as the identified film grain model. When the colour format of the decoded video is not 4:4:4 or the decoded video uses a different width or height or a different luma or chroma bit depth from that of the film grain model or uses a different colour representation domain from that of the identified film grain model, an unspecified conversion process is expected to be applied to convert the decoded pictures to the form that is expressed for application of the film grain model.
NOTE 4 – Because the use of a specific method is not required for performing the film grain generation function used by the display process, a decoder could, if desired, down-convert the model information for chroma in order to simulate film grain for other chroma formats (4:2:0 or 4:2:2) rather than up-converting the decoded video (using a method not specified in this Specification) before performing film grain generation.
fg_characteristics_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous film grain characteristics SEI message in output order that applies to the current layer. fg_characteristics_cancel_flag equal to 0 indicates that film grain modelling information follows.
fg_model_id identifies the film grain simulation model as specified in Table 5. The value of fg_model_id shall be in the range of 0 to 1, inclusive. The values of 2 and 3 for fg_model_id are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore film grain characteristic SEI messages with fg_model_id equal to 2 or 3.
[bookmark: _Ref21912787][bookmark: _Ref81401429][bookmark: _Toc37056126][bookmark: _Ref81401413][bookmark: _Toc246350773][bookmark: _Toc259024422][bookmark: _Toc415476515][bookmark: _Toc501130643][bookmark: _Toc503770651][bookmark: _Toc147245572]Table 5 – fg_model_id values

	Value
	Description

	0
	Frequency filtering

	1
	Auto-regression



fg_separate_colour_description_present_flag equal to 1 indicates that a distinct combination of luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients for the film grain characteristics specified in the SEI message is present in the film grain characteristics SEI message syntax. fg_separate_colour_description_present_flag equal to 0 indicates that the combination of luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients for the film grain characteristics specified in the SEI message are the same as indicated in VUI parameters for the CLVS.
NOTE 5 – When fg_separate_colour_description_present_flag is equal to 1, any of the luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients specified for the film grain characteristics specified in the SEI message could differ from that for the pictures in the CLVS.
When VUI parameters are not present for the CLVS or the value of vui_colour_description_present_flag is equal to 0, and equivalent information to that conveyed when vui_colour_description_present_flag is equal to 1 is not conveyed by external means, fg_separate_colour_description_present_flag shall be equal to 1.
The input image Î, which may be the decoded picture or converted from the decoded picture, used in the equations in this clause is in the same colour representation domain as the simulated film grain signal. Therefore, when any of these parameters does differ from that for the pictures in CLVS, the input image Î used in the equations in this clause would be in a different colour representation domain than that for the pictures in the CLVS. For example, when the value of fg_bit_depth_luma_minus8 + 8 is greater than BitDepthY (i.e., the bit depth of the luma component of the pictures in the CLVS), the bit depth of the input image Î used in the equations in this clause is also greater than BitDepthY. In such a case, the input image Î would be generated by converting the actual decoded picture to be in the same colour representation domain as the simulated film grain signal. The process for converting an actual decoded picture to the 4:4:4 colour format with same colour representation domain as the simulated film grain signal is not specified in this Specification.
fg_bit_depth_luma_minus8 plus 8 specifies the bit depth used for the luma component of the film grain characteristics specified in the SEI message. When fg_bit_depth_luma_minus8 is not present in the film grain characteristics SEI message, the value of fg_bit_depth_luma_minus8 is inferred to be equal to BitDepthY − 8.
The value of fgBitDepth[ 0 ] is derived as follows:
fgBitDepth[ 0 ] = fg_bit_depth_luma_minus8 + 8		(19)
fg_bit_depth_chroma_minus8 plus 8 specifies the bit depth used for the Cb and Cr components of the film grain characteristics specified in the SEI message. When fg_bit_depth_chroma_minus8 is not present in the film grain characteristics SEI message, the value of fg_bit_depth_chroma_minus8 is inferred to be equal to BitDepthC − 8.
The value of fgBitDepth[ c ] for c = 1 and 2 is derived as follows:
fgBitDepth[ c ] = fg_bit_depth_chroma_minus8 + 8, with c = 1, 2	(20)
fg_full_range_flag has the same semantics as specified in clause 7.3 for the vui_full_range_flag syntax element, except as follows:
–	fg_full_range_flag specifies the video full range flag of the film grain characteristics specified in the SEI message, rather than the video full range flag used for the CLVS.
–	When fg_full_range_flag is not present in the film grain characteristics SEI message, the value of fg_full_range_flag is inferred to be equal to vui_full_range_flag.
fg_colour_primaries has the same semantics as specified in clause 7.3 for the vui_colour_primaries syntax element, except as follows:
–	fg_colour_primaries specifies the colour primaries of the film grain characteristics specified in the SEI message, rather than the colour primaries used for the CLVS.
–	When fg_colour_primaries is not present in the film grain characteristics SEI message, the value of fg_colour_primaries is inferred to be equal to vui_colour_primaries.
fg_transfer_characteristics has the same semantics as specified in clause 7.3 for the vui_transfer_characteristics syntax element, except as follows:
–	fg_transfer_characteristics specifies the transfer characteristics of the film grain characteristics specified in the SEI message, rather than the transfer characteristics used for the CLVS.
–	When fg_transfer_characteristics is not present in the film grain characteristics SEI message, the value of fg_transfer_characteristics is inferred to be equal to vui_transfer_characteristics.
fg_matrix_coeffs has the same semantics as specified in clause 7.3 for the vui_matrix_coeffs syntax element, except as follows:
–	fg_matrix_coeffs specifies the matrix coefficients of the film grain characteristics specified in the SEI message, rather than the matrix coefficients used for the CLVS.
–	When fg_matrix_coeffs is not present in the film grain characteristics SEI message, the value of fg_matrix_coeffs is inferred to be equal to vui_matrix_coeffs.
–	The values allowed for fg_matrix_coeffs are not constrained by the chroma format of the decoded video pictures that is indicated by the value of ChromaFormatIdc for the semantics of the VUI parameters.
fg_blending_mode_id identifies the blending mode used to blend the simulated film grain with the input images as specified in Table 6. fg_blending_mode_id shall be in the range of 0 to 1, inclusive. The values of 2 and 3 for fg_blending_mode_id are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore film grain characteristic SEI messages with fg_blending_mode_id equal to 2 or 3.
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	Value
	Description

	0
	Additive

	1
	Multiplicative



Depending on the value of fg_blending_mode_id, the blending mode is specified as follows:
–	If fg_blending_mode_id is equal to 0, the blending mode is additive as specified by:
Igrain[ c ][ x ][ y ] = Clip3( 0, ( 1  <<  fgBitDepth[ c ] ) − 1, Î[ c ][ x ][ y ] + G[ c ][ x ][ y ] )	(21)
–	Otherwise (fg_blending_mode_id is equal to 1), the blending mode is multiplicative as specified by:
Igrain[ c ][ x ][ y ] = Clip3( 0, ( 1  <<  fgBitDepth[ c ] ) − 1, Î[ c ][ x ][ y ] +	(22)
			Round( ( Î[ c ][ x ][ y ] * G[ c ][ x ][ y ] ) ÷ ( ( 1  <<  fgBitDepth[ c ] ) − 1 ) ) )
where Î[ c ][ x ][ y ] represents the sample value at coordinates x, y of the colour component c of the input image Î, G[ c ][ x ][ y ] is the simulated film grain value at the same position and colour component, and fgBitDepth[ c ] is the number of bits used for each sample in a fixed-length unsigned binary representation of the arrays Igrain[ c ][ x ][ y ], Î[ c ][ x ][ y ], and G[ c ][ x ][ y ], where c = 0..2, x = 0..PicWidthInLumaSamplesFgPicWidth − 1, and y = 0..PicHeightInLumaSamplesFgPicHeight − 1.
fg_log2_scale_factor specifies a scale factor used in the film grain characterization equations.
fg_comp_model_present_flag[ c ] equal to 0 indicates that film grain is not modelled on the c-th colour component, where c equal to 0 refers to the luma component, c equal to 1 refers to the Cb component, and c equal to 2 refers to the Cr component. fg_comp_model_present_flag[ c ] equal to 1 indicates that syntax elements specifying modelling of film grain on colour component c are present in the SEI message.
When fg_separate_colour_description_present_flag is equal to 0 and ChromaFormatIdc is equal to 0, the value of fg_comp_model_present_flag[ 1 ] and fg_comp_model_present_flag[ 2 ] shall be equal to 0.
fg_num_intensity_intervals_minus1[ c ] plus 1 specifies the number of intensity intervals for which a specific set of model values has been estimated.
NOTE 6 – The intensity intervals could overlap in order to simulate multi-generational film grain.
fg_num_model_values_minus1[ c ] plus 1 specifies the number of model values present for each intensity interval in which the film grain has been modelled. The value of fg_num_model_values_minus1[ c ] shall be in the range of 0 to 5, inclusive.
fg_intensity_interval_lower_bound[ c ][ i ] specifies the lower bound of the i-th intensity interval for which the set of model values applies.
fg_intensity_interval_upper_bound[ c ][ i ] specifies the upper bound of the i-th intensity interval for which the set of model values applies.
The variable intensityIntervalIdx[ c ][ x ][ y ][ j ] represents the j-th index to the list of intensity intervals selected for the sample value Î[ c ][ x ][ y ] for c = 0..2, x = 0..PicWidthInLumaSamplesFgPicWidth − 1, y = 0..PicHeightInLumaSamplesFgPicHeight − 1, and j = 0..numApplicableIntensityIntervals[ c ][ x ][ y ] − 1, where numApplicableIntensityIntervals[ c ][ x ][ y ] is derived below.
Depending on the value of fg_model_id, the selection of the one or more intensity intervals for the sample value Î[ c ][ x ][ y ] is specified as follows:
–	The variable numApplicableIntensityIntervals[ c ][ x ][ y ] is initially set equal to 0.
–	If fg_model_id is equal to 0, the following applies:
· The top-left sample location ( xB, yB ) of the current 8x8 block b that contains the sample value Î[ c ][ x ][ y ] is derived as ( xB, yB ) = ( x / 8, y / 8 ).
· The average value bavg of the current 8x8 block b is derived as follows:
sum8x8 = 0
for( i = 0; i < 8; i++ )
	for( j = 0; j < 8; j++ )
		sum8x8  +=  Î[ c ][ xB * 8 + i ][yB * 8 + j ]	(23)
bavg = Clip3( 0, 255, ( sum8x8 + ( 1  <<  ( fgBitDepth[ c ] − 3 ) ) )  >>  ( fgBitDepth[ c ] − 2 ) )
· The value of intensityIntervalIdx[ c ][ x ][ y ][ j ] is derived as follows:
for( i = 0, j = 0; i  <=  fg_num_intensity_intervals_minus1[ c ]; i++ )
	if( bavg  >=  fg_intensity_interval_lower_bound[ c ][ i ]  &&
			bavg  <=  fg_intensity_interval_upper_bound[ c ][ i ] ) {
		intensityIntervalIdx[ c ][ x ][ y ][ j ] = i		(24)
		j++
	}
numApplicableIntensityIntervals[ c ][ x ][ y ] = j
–	Otherwise (fg_model_id is equal to 1), the value of intensityIntervalIdx[ c ][ x ][ y ][ j ] is derived as follows:
I8[ c ][ x ][ y ] = ( fgBitDepth[ c ]  = =  8 ) ? ( Î[ c ][ x ][ y ] :
		Clip3( 0, 255, ( Î[ c ][ x ][ y ] + ( 1  <<  ( fgBitDepth[ c ] − 9 ) ) )  >>  ( fgBitDepth[ c ] − 8 ) )
for( i = 0, j = 0; i  <=  fg_num_intensity_intervals_minus1[ c ]; i++ )
	if( I8[ c ][ x ][ y ]  >=  fg_intensity_interval_lower_bound[ c ][ i ]  &&	(25)
			I8[ c ][ x ][ y ]  <=  fg_intensity_interval_upper_bound[ c ][ i ] ) {
		intensityIntervalIdx[ c ][ x ][ y ][ j ] = i
		j++
	}
numApplicableIntensityIntervals[ c ][ x ][ y ] = j
Samples that do not fall into any of the defined intervals (i.e., those samples for which the value of numApplicableIntensityIntervals[ c ][ x ][ y ] is equal to 0) are not modified by the grain generation function. Samples that fall into more than one interval (i.e., those samples for which the value of numApplicableIntensityIntervals[ c ][ x ][ y ] is greater than 1) will originate multi-generation grain. Multi-generation grain results from adding the grain computed independently for each of the applicable intensity intervals.
In the equations in the remainder of this clause, the variable sj in each instance of the list fg_comp_model_value[ c ][ sj ] is the value of intensityIntervalIdx[ c ][ x ][ y ][ j ] derived for the sample value Î[ c ][ x ][ y ].
fg_comp_model_value[ c ][ i ][ j ] specifies the j-th model value for the colour component c and the i-th intensity interval. The set of model values has different meaning depending on the value of fg_model_id.
The value of fg_comp_model_value[ c ][ i ][ j ] is constrained as follows, and could be additionally constrained as specified elsewhere in this clause:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ j ] shall be in the range of 0 to 2fgBitDepth[ c ] − 1, inclusive.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ j ] shall be in the range of −2( fgBitDepth[ c ] − 1 ) to 2( fgBitDepth[ c ] − 1 ) − 1, inclusive.
Depending on the value of fg_model_id, the synthesis of the film grain is modelled as follows:
–	If fg_model_id is equal to 0, a frequency filtering model enables simulating the original film grain for c = 0..2, x = 0..PicWidthInLumaSamplesFgPicWidth − 1, and y = 0..PicHeightInLumaSamplesFgPicHeight − 1 as specified by:
[bookmark: Equation34]G[ c ][ x ][ y ] = ( fg_comp_model_value[ c ][ sj ][ 0 ] * Q[ c ][ x ][ y ] + fg_comp_model_value[ c ][ sj ][ 5 ] *
		G[ c − 1 ][ x ][ y ] )  >>  fg_log2_scale_factor	(26)
	where Q[ c ] is a two-dimensional random process generated by filtering 16x16 blocks gaussRv with random-valued elements gaussRvij generated with a normalized Gaussian distribution (independent and identically distributed Gaussian random variable samples with zero mean and unity variance) and where the value of an element G[ c − 1 ][ x ][ y ] used in the right-hand side of the equation is inferred to be equal to 0 when c − 1 is less than 0.
NOTE 7 – A normalized Gaussian random variable can be generated from two independent, uniformly distributed random values over the interval from 0 to 1 (and not equal to 0), denoted as uRv0 and uRv1, using the Box-Muller transformation specified by:
gaussRvi,j = Sqrt( −2 * Ln( uRv0 ) ) * Cos( 2 * π * uRv1 )	(27)
where  is Archimedes' constant 3.141 592 653 589 793....
	The band-pass filtering of blocks gaussRv can be performed in the discrete cosine transform (DCT) domain as follows:
for( y = 0; y < 16; y++ )
	for( x = 0; x < 16; x++ )
		if( ( x < fg_comp_model_value[ c ][ sj ][ 3 ]  &&  y < fg_comp_model_value[ c ][ sj ][ 4 ] )  | |	(28)
				x > fg_comp_model_value[ c ][ sj ][ 1 ]  | |  y > fg_comp_model_value[ c ][ sj ][ 2 ] )
			gaussRv[ x ][ y ] = 0
filteredRv = IDCT16x16( gaussRv )
	where IDCT16x16( z ) refers to a unitary inverse discrete cosine transformation (IDCT) operating on a 16x16 matrix argument z as specified by:
IDCT16x16( z ) = r * z * rT		(29)
	where the superscript T indicates a matrix transposition and r is the 16x16 matrix with elements rij specified by:
		(30)
	where  is Archimedes' constant 3.141 592 653 589 793....
	Q[ c ] is formed by the frequency-filtered blocks filteredRv.
NOTE 8 – Coded model values are based on blocks of size 16x16, but a decoder implementation could use other block sizes. For example, decoders implementing the IDCT on 8x8 blocks could down-convert by a factor of two the set of coded model values fg_comp_model_value[ c ][ sj ][ i ] for i equal to 1..4.
NOTE 9 – To reduce the degree of visible blocks that result from mosaicking the frequency-filtered blocks filteredRv, decoders could apply a low-pass filter to the boundaries between frequency-filtered blocks.
–	Otherwise (fg_model_id is equal to 1), an auto-regression model enables simulating the original film grain for c = 0..2, x = 0..PicWidthInLumaSamplesFgPicWidth − 1, and y = 0..PicHeightInLumaSamplesFgPicHeight − 1 as specified by:
[bookmark: Equation39]G[ c ][ x ][ y ] = ( fg_comp_model_value[ c ][ sj ][ 0 ] * n[ c ][ x][ y ] +
		fg_comp_model_value[ c ][ sj ][ 1 ] * ( G[ c ][ x − 1 ][ y ] +
		( ( fg_comp_model_value[ c ][ sj ][ 4 ] * G[ c ][ x ][ y − 1 ] )  >>
		fg_log2_scale_factor ) ) + fg_comp_model_value[ c ][ sj ][ 3 ] *
		( ( fg_comp_model_value[ c ][ sj ][ 4 ] * ( G[ c ][ x − 1 ][ y − 1 ] + G[ c ][ x + 1 ][ y − 1 ] ) )  >>	(31)
		fg_log2_scale_factor ) +
		fg_comp_model_value[ c ][ sj ][ 5 ] * ( G[ c ][ x − 2 ][ y ] +
		( ( fg_comp_model_value[ c ][ sj ][ 4 ] * fg_comp_model_value[ c ][ sj ][ 4 ] * G[ c ][ x ][ y − 2 ] )  >>
		( 2 * fg_log2_scale_factor ) ) ) +
		fg_	comp_model_value[ c ][ sj ][ 2 ] * G[ c − 1 ][ x ][ y ] )  >>  fg_log2_scale_factor
	where n[ c ][ x ][ y ] is a random value with normalized Gaussian distribution (independent and identically distributed Gaussian random variable samples with zero mean and unity variance for each value of c, x, and y) and where the value of an element G[ c ][ x ][ y ] used in the right-hand side of the equation is inferred to be equal to 0 when any of the following conditions are true:
–	c is less than 0,
–	x is less than 0,
–	y is less than 0.
fg_comp_model_value[ c ][ i ][ 0 ] provides the first model value for the model as specified by fg_model_id. fg_comp_model_value[ c ][ i ][ 0 ] corresponds to the standard deviation of the Gaussian noise term in the generation functions specified in Equations 26 through 31.
fg_comp_model_value[ c ][ i ][ 1 ] provides the second model value for the model as specified by fg_model_id. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 1 ] shall be greater than or equal to 0 and less than 16.
When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][ 1 ] is inferred as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 1 ] is inferred to be equal to 8.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 1 ] is inferred to be equal to 0.
fg_comp_model_value[ c ][ i ][ 1 ] is interpreted as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 1 ] indicates the horizontal high cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 1 ] indicates the first order spatial correlation for neighbouring samples ( x − 1, y ) and ( x, y − 1 ).
fg_comp_model_value[ c ][ i ][ 2 ] provides the third model value for the model as specified by fg_model_id. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 2 ] shall be greater than or equal to 0 and less than 16.
When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][ 2 ] is inferred as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 2 ] is inferred to be equal to fg_comp_model_value[ c ][ i ][ 1 ]
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 2 ] is inferred to be equal to 0.
fg_comp_model_value[ c ][ i ][ 2 ] is interpreted as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 2 ] indicates the vertical high cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 2 ] indicates the colour correlation between consecutive colour components.
fg_comp_model_value[ c ][ i ][ 3 ] provides the fourth model value for the model as specified by fg_model_id. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 3 ] shall be greater than or equal to 0 and less than or equal to fg_comp_model_value[ c ][ i ][ 1 ].
When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][ 3 ] is inferred to be equal to 0.
fg_comp_model_value[ c ][ i ][ 3 ] is interpreted as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 3 ] indicates the horizontal low cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 3 ] indicates the first order spatial correlation for neighbouring samples ( x − 1, y − 1 ) and ( x + 1, y − 1 ).
fg_comp_model_value[ c ][ i ][ 4 ] provides the fifth model value for the model as specified by fg_model_id. When fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 4 ] shall be greater than or equal to 0 and less than or equal to fg_comp_model_value[ c ][ i ][ 2 ].
When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][ 4 ] is inferred to be equal to fg_model_id.
fg_comp_model_value[ c ][ i ][ 4 ] is interpreted as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 4 ] indicates the vertical low cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 4 ] indicates the aspect ratio of the modelled grain.
fg_comp_model_value[ c ][ i ][ 5 ] provides the sixth model value for the model as specified by fg_model_id.
When not present in the film grain characteristics SEI message, fg_comp_model_value[ c ][ i ][ 5 ] is inferred to be equal to 0.
fg_comp_model_value[ c ][ i ][ 5 ] is interpreted as follows:
–	If fg_model_id is equal to 0, fg_comp_model_value[ c ][ i ][ 5 ] indicates the colour correlation between consecutive colour components.
–	Otherwise (fg_model_id is equal to 1), fg_comp_model_value[ c ][ i ][ 5 ] indicates the second order spatial correlation for neighbouring samples ( x, y − 2 ) and ( x − 2, y ).
fg_characteristics_persistence_flag specifies the persistence of the film grain characteristics SEI message for the current layer.
fg_characteristics_persistence_flag equal to 0 specifies that the film grain characteristics SEI message applies to the current decoded picture only.
fg_characteristics_persistence_flag equal to 1 specifies that the film grain characteristics SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer in an AU associated with a film grain characteristics SEI message is output that follows the current picture in output order.
fg_spatial_resolution_present_flag equal to 1 indicates that syntax elements defining the spatial resolution for the film grain synthesis is present in the SEI message. fg_spatial_resolution_present_flag equal to 0 indicates that no syntax elements for spatial resolution of the film grain synthesis is present in the SEI message. When not present in the film grain characteristics SEI message, fg_spatial_resolution_present_flag is inferred to be equal to 0.
fg_pic_width_in_luma_samples indicates the width of the picture in luma samples that the parameters in the film grain characteristics SEI message applies to.
fg_pic_height_in_luma_samples indicates the height of the picture in luma samples that the parameters in the film grain characteristics SEI message applies to.
