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Abstract
Colour Mapping Information (CMI) SEI message is a new SEI message included in the Technologies under Consideration (TuC) document for VSEI (JVET-AL2032). The CMI SEI message provides information to enable colour mapping of decoded picture luma samples to RGB samples. In the current version of the CMI SEI message, a piecewise linear mapping function can be signalled. It is asserted that this works well for mapping functions such as “Jet” but it is asserted that this is inefficient for smooth continuous mapping functions such as “Turbo” and “Viridis”. This contribution proposes the following changes to the CMI SEI message:
1. Add an alternative signalling method using fixed point polynomial coefficients
2. Add the possibility of signalling a text string to identify the intended colour mapping function
3. Use minus1 signalling for the anchor point delta when signalled with uniform spacing
4. Make the following minor edits to the existing semantics:
a. Fix the semantics of cmi_num_bits_minus8 to use correct names of other syntax elements
b. Add a constraint that anchor points are signalled in increasing order
c. Remove leftover sentence referring to ColourMap codepoint in CICP
d. Add missing cmi_ prefix to colour_map_id 
e. Remove hanging "if( a >= 0 )"
f. Add handling of when decSample <= cmi_anchor_point_x[ 0 ] 
g. Remove the [c] part for cmi_anchor_point_x
Version 2 of the contribution includes a few minor fixes compared to the first version of the contribution.
Introduction
At the 38th JVET meeting the CMI SEI message was added to the VSEI TuC in response to JVET-AL0219. The CMI SEI message was originally proposed to include shortcut signalling of the following known colour maps: “Jet”, “Turbo”, and “Viridis” through referencing a new Colour Map codepoint proposed for CICP in JVET-AL0218. However, these colour maps are not standardized and do generally not have a globally agreed definition. A quick online search for the “Turbo” colour map finds a 8-bit Look-Up Table (LUT) definition [1] and three different polynomial approximations [2][3][4]. Similarly, can a LUT version [5] and polynomial versions [6] be found for the “Viridis” colour map.
Signalling a colour mapping function using 256 anchor points with 8-bit precision requires 6144 bits for the anchor points alone.
[bookmark: OLE_LINK66]Proposal 
Polynomial representation of color mapping function
A fixed-point polynomial signalling is proposed for a more compact representation of colour maps that can be defined or approximated using a polynomial representation. 
The following syntax and semantics are proposed:
	[bookmark: _Hlk193907432]colour_mapping_info( payloadSize ) {
	Descriptor

		cmi_cancel_flag
	u(1)

		if ( !cmi_cancel_flag ) {
	

			cmi_persistence_flag
	u(1)

			cmi_colour_map_id
	u(8)

			cmi_map_for_display_flag
	u(1)

			cmi_functionlut_present_flag
	u(1)

			if( cmi_functionlut_present_flag ) {
	

				cmi_function_type_flag
	u(1)

				if( cmi_function_type_flag ) {
	

	[bookmark: _Hlk200984708]				cmi_poly_order_minus1
	u(3)

					for( i = 0; i <= cmi_poly_order_minus1 + 1; i++ ) {
	

						for( c = 0; c < 3; c++ )
	

	[bookmark: _Hlk200984713]						cmi_poly_coeff[ i ][ c ]
	iu(32)

					}
	

				} else {
	

					cmi_num_anchor_points_minus2
	ue(v)

					cmi_num_bits_minus8
	ue(v)

					cmi_uniform_spacing_flag
	u(1)

					if( cmi_uniform_spacing_flag ) {
	

						cmi_min_x
	u(v)

						cmi_delta_x
	u(v)

					}
	

					for( i = 0; i < cmi_num_anchor_points_minus2 + 2; i++ ) {
	

						if( !cmi_uniform_spacing_flag )
	

							cmi_anchor_point_x[ i ]
	u(v)

						for( c = 0; c < 3; c++ )
	

							cmi_anchor_point_y[ i ][ c ]
	u(v)

					}
	

				}
	

			}
	

		}
	

	}
	


[bookmark: _Hlk200984725]cmi_lutfunction_present_flag equal to 1 specifies that the colour mapping function associated with cmi_colour_map_id is described in this SEI message. cmi_lutfunction_present_flag syntax equal to 0 specifies that the colour mapping function associated with cmi_colour_map_id is determined via external means.
cmi_function_type_flag equal to 1 indicates that the colour mapping function is signalled in polynomial form. cmi_function_type_flag equal to 0 indicates that the colour mapping function is signalled in piecewise linear form. 
cmi_poly_order_minus1 defines the order of the polynomial representation of the colour mapping function. The value of cmi_poly_order_minus1 shall be in the range of 0 to 7, inclusive.
[bookmark: _Hlk200007713]cmi_poly_ceoff[ i ][ c] defines the fixed point coefficient of the i-th term in the polynomial representation for the c-th colour component.
When cmi_map_for_display_flag is equal to 1 and cmi_funtion_type_flag is equal to 1, it is recommended to apply the colour mapping function associated with cmi_colour_map_id to each luma sample, decSample, in the current cropped decoded picture, to derive displaySample[ c ] for the display picture, with c in the range of 0..2, as follows:
acc = cmi_poly_coeff[ cmi_poly_order_minus1 + 1 ][ c]
for(i = cmi_poly_order_minus1; i >= 0; i--) 
	acc = ( ( decSample << (204 – decBitDepth) ) * acc ) >> 204 ) + cmi_poly_ceoeff[ i ][ c]
displaySample[ c ] = acc >> (204 – decBitDepth)
where decBitDepth is the bit depth of the decoded luma sample.
[bookmark: _Hlk200992142]A text string representation 
Colour mapping functions generally have specific names such as “Jet”, “Turbo” or “Viridis”. Tinycolormap [7] includes 14 different colour maps, Ultralytics [8] provides 22 different color maps while Matplotlib [9] lists a total of 180 colour maps, all defined by different names. It is proposed to add signalling of a colour map name tag to be provided instead of, or in addition to, signalling the colour mapping function itself. 
The following is proposed:
	colour_mapping_info( payloadSize ) {
	Descriptor

		cmi_cancel_flag
	u(1)

		if ( !cmi_cancel_flag ) {
	

			cmi_persistence_flag
	u(1)

			cmi_colour_map_id
	u(8)

			cmi_name_present_flag
	u(1)		

			if( cmi_name_present_flag ) {
	

				cmi_reserved_zero_5bits
	u(5)

				cmi_colour_map_name
	st(v)

			}
	

			cmi_map_for_display_flag
	u(1)

			cmi_lut_present_flag
	u(1)

			if( cmi_lut_present_flag ) {
	

				cmi_num_anchor_points_minus2
	ue(v)

				cmi_num_bits_minus8
	ue(v)

				cmi_uniform_spacing_flag
	u(1)

				if( cmi_uniform_spacing_flag ) {
	

					cmi_min_x
	u(v)

					cmi_delta_x
	u(v)

				}
	

				for( i = 0; i < cmi_num_anchor_points_minus2 + 2; i++ ) {
	

					if( !cmi_uniform_spacing_flag )
	

						cmi_anchor_point_x[ i ]
	u(v)

					for( c = 0; c < 3; c++ )
	

						cmi_anchor_point_y[ i ][ c ]
	u(v)

				}
	

			}
	

		}
	

	}
	


[bookmark: _Hlk38719448]cmi_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this version of this Specification. The values greater than 0 for cmi_reserved_zero_5bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall also allow values greater than 0 for cmi_reserved_zero_5bits to appear in the bitstream and shall ignore the value of cmi_reserved_zero_5bits.
cmi_colour_map_name specifies a string describing the name of the colour mapping function intended to be applied to the decoded picture.
NOTE – The colour map name can be used to identify a specific colour mapping function instead of, or in addition to, a parametric signalling of the color mapping function. The interpretation of different colour map names is out of the scope of this Specification.

[bookmark: _Hlk200992208]Coding of uniform spacing syntax
[bookmark: _Hlk200992269]It is asserted that cmi_delta_x should not be equal to 0, as cmi_anchor_point_x[ i ] is calculated as cmi_min_x + i * cmi_delta_x which would result in cmi_anchor_point_x[ i ] to be equal to cmi_min_x for all values of i. Thus it is proposed to code cmi_delta_x as cmi_delta_x_minus1.

	colour_mapping_info( payloadSize ) {
	Descriptor

		cmi_cancel_flag
	u(1)

		if ( !cmi_cancel_flag ) {
	

			cmi_persistence_flag
	u(1)

			cmi_colour_map_id
	u(8)

			cmi_map_for_display_flag
	u(1)

			cmi_lut_present_flag
	u(1)

			if( cmi_lut_present_flag ) {
	

				cmi_num_anchor_points_minus2
	ue(v)

				cmi_num_bits_minus8
	ue(v)

				cmi_uniform_spacing_flag
	u(1)

				if( cmi_uniform_spacing_flag ) {
	

					cmi_min_x
	u(v)

					cmi_delta_x_minus1
	u(v)

				}
	

				for( i = 0; i < cmi_num_anchor_points_minus2 + 2; i++ ) {
	

					if( !cmi_uniform_spacing_flag )
	

						cmi_anchor_point_x[ i ]
	u(v)

					for( c = 0; c < 3; c++ )
	

						cmi_anchor_point_y[ i ][ c ]
	u(v)

				}
	

			}
	

		}
	

	}
	



[bookmark: _Hlk200992460]cmi_min_x and cmi_delta_x_minus1, when present, are used to infer the values of cmi_anchor_point_x[ i ] for i in the range of 0 .. cmi_num_anchor_points_minus2 + 1. The length of the syntax elements is cmi_num_bits_minus8 + 8 bits.
[bookmark: _Hlk200992243][bookmark: _Hlk200992257]cmi_anchor_point_x[ i ], when present, specifies the input value of the i-th anchor point. The length of the syntax element is cmi_num_bits_minus8 + 8 bits. When not present and cmi_uniform_spacing_flag equal to 1, the value of cmi_anchor_point_x[ i ] is inferred to be equal to cmi_min_x + i * (cmi_delta_x_minus1 + 1). 
Minor edits to existing semantics 
[bookmark: _Hlk191571217]cmi_num_bits_minus8, when present, plus 8 specifies the length of the cmi_min_x, cmi_delta_x, cmi_anchor_point_posx[ i ] and cmi_lut[ i ][ c ] cmi_anchor_point_y[ i ][ c ] syntax elements in bits. 
cmi_min_x and cmi_delta_x, when present, are used to infer the values of cmi_anchor_point_x[ i ] for i in the range of 0 .. cmi_num_anchor_points_minus2 + 1. The length of the syntax elements is cmi_num_bits_minus8 + 8 bits.
[bookmark: _Hlk200985380]cmi_anchor_point_x[ i ], when present, specifies the input value of the i-th anchor point. The length of the syntax element is cmi_num_bits_minus8 + 8 bits. When i is greater than 0, the value of cmi_anchor_point_x[ i ] should be greater than cmi_anchor_point_x[ i - 1 ]. When not present and cmi_uniform_spacing_flag equal to 1, the value of cmi_anchor_point_x[ i ] is inferred to be equal to cmi_min_x + i * cmi_delta_x. 
[bookmark: _Hlk200985436]cmi_anchor_point_y[ i ][ c ], when present, specifies the c-th colour component output value of the i-th anchor point, where c equal to 0 indicates red, c equal to 1 indicates green, and c equal to 2 indicates blue. The length of the syntax element is cmi_num_bits_minus8 + 8 bits.

[bookmark: _Hlk200985872]When cmi_map_for_display_flag is equal to 1, it is recommended to apply the colour mapping function associated with cmi_colour_map_id to each luma sample, decSample, in the current cropped decoded picture, to derive displaySample[ c ] for the display picture, with c in the range of 0..2, as follows:
–	If cmi_colour_map_id is in the range of 0 .. 3, the colour mapping function is determined as specified by the ColourMap codepoint in Rec. ITU-T H.273 | ISO/IEC 23091-2 equal to cmi_colour_map_id.
–	Otherwise, if cmi_colour_map_id is in the range of 192 .. 255, inclusive, and cmi_lut_present_flag equal to 0, the colour mapping function is determined by external means.
–	Otherwise (cmi_colour_map_id is in the range of 192 .. 255, inclusive, and cmi_lut_present_flag is equal to 1), displaySample is derived as follows:
a = −1
anchorPointFoundFlag = 0
for( i = 0; i <= cmi_num_anchor_points_minus2  &&  !anchorPointFoundFlag; i++ ) 
	if( decSample < cmi_anchor_point_x[ i + 1 ] ) {
		a = i
		anchorPointFoundFlag = 1								(xx)
	}
if( a >= 0 )
if( decSample <= cmi_anchor_point_x[ 0 ] )
	displaySample[ c ] = cmi_anchor_point_y[ 0 ][ c ] }
else
	displaySample[ c ] = a  = =  −1 ? 
		cmi_anchor_point_y[ cmi_num_anchor_points_minus2 + 1 ][ c ] :
		cmi_anchor_point_y[ a ][ c ] + 
		( cmi_anchor_point_y[ a + 1 ][ c ] − cmi_anchor_point_y[ a ][ c ] ) * 
		Clip3( ( decSample − cmi_anchor_point_x[ a ][ c ] ) ÷
		( cmi_anchor_point_x[ a + 1 ][ c ] – cmi_anchor_point_x[ a  ][ c ] ), 0, 1 )
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