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Abstract
This document describes the anchors to be used for the HDR and WCG video coding experiments. They also serve as basis for a Call for Evidence on HDR and WCG video coding.

1. Purpose 
The purpose of this document is to describe the anchors generation process to be used in the Call for Evidence for HDR and WCG video coding. In this document the focus is only on 2D video.
Test conditions
0.1. Test material under consideration 
0.1.1. File Exchange Formats 
The filenames are specified as follows: Name_Resolution_Fps_Format_Primaries_xxx.yyy
with
· Name: 	sequence name 
· Resolution: 	picture size (e.g. 1920x1080p)
· Fps: 	frame rate in frame per second
· Format: 	format of the samples (e.g. ff for 32-bit floating point, hf for half-float 16-bit floating point, 10 for 10-bit integer)
· Primaries: 	color primaries of the colour volume of the content, e.g. ITU-R Recommendations BT.709 [1] and BT.2020 [2], SMPTE ST 428-1:2006 P3 with D65 white point (P3D65)[footnoteRef:1] [1:  This corresponds to the colour primaries of the native content. The container may correspond to the primaries of a wider color space. For instance, it is recommended for the tests sequences considered for the anchors, to use a container corresponding to BT.2020 primaries, even if the native content is natively in BT.709 or P3 primaries.] 

· Container primaries:	color primaries of the container, e.g. ITU-R Recommendations BT.709 [1] and BT.2020 [2], SMPTE ST 428-1:2006 P3 with D65 white point (P3D65)
· Chroma format:	e.g. 4:2:0, 4:2:2 or 4:4:4, plus indication of planar (p) or interleaved (i) chroma samples
· xxx: 	frame number (when applicable)

A text file is added with each clip stating (when available):
· how video was color timed / graded.
· exposure
· how computational photography/videography was applied (if any)
· whether or not there are any gain factors assumed in the source video
· rolloff or knee functions applied in the camera or in post
· camera settings

0.1.2. Test sequences under consideration 
The following test sequences are considered for the evaluation tests.
	
	Resolution
	TF
	Sequence name
	fps
	Frames 

	A01
A02
A03
A04
	1920x1080
RGB 4:4:4
BT.709
	linear
	BalloonClip4000_1920x1080p_25_hf_709_ct2020_444p_xxx.exr 
FireEater2 Clip4000_1920x1080p_25_hf_709_ct2020_444p_xxx.exr 
Tibul2 Clip4000_1920x1080p_30_hf_709_ct2020_444p_xxx.exr
Market3 Clip4000_1920x1080p_50_hf_709_ct2020_444p_xxx.exr
	25
25
30
50
	0-199
0-199
0-239
0-399

	B01
B02
B03
B04
B05
B06
B07
B08
	1920x1080
RGB 4:4:4
P3D65 
	PQ 12b
	xxxx_1920x1080p_24_12_P3_xxx.tif 
…
…
…
…
StEM Warm Night[footnoteRef:2][footnoteRef:3]: Torch to Table*… [2:  It is not certain whether sequences Fountain, Table, and Telescope will be available on time
Availability tentatively before August 15, 2014]  [3:  More information about these sequences is needed. This includes information about format, cost, how to get it, legal constraints on the usage etc.
More info to be provided by Walt tentatively before July 11, 2014] 

StEM Magic Hour: Fountain to Table *…
Telescope Nebula + Bubble to Interior * …
	24
	0-xxx
0-xxx
0-xxx
0-xxx
0-xxx
6280 to 6640
3527 to 3887
8200 to 8560

	C01
C02
C03
	1920x1080
RGB 4:4:4
BT.709
	linear
	Lux…
Typewriter…
PanoHD_zoom_1920x1080_60_hf_709_ct2020_444p_xxx.exr
	30
30
60
	


The test sequences for category A and C are available in the “Explorations/HDR/openEXR” directory of the site http://wg11.sc29.org/content. Further details of access to the site can be obtained from xxxxx.
Note: Access to test sequences for category B to be described later.
The container for all sequences shall be BT.2020, with peak R, G and B values of 10000 nits.

0.2. [bookmark: _Ref245059249]Coding Conditions 
Random Access (RA) coding constraint conditions shall be used, defined as follows:
A structural delay of processing units not larger than 8-picture "groups of pictures (GOPs)" (e.g., dyadic hierarchical B usage with 4 levels), and random access intervals of 1.1 seconds or less will be used (Intra random access picture is set to be every 24, 24, 32, 48 and 64 pictures for 24 fps, 25 fps, 30 fps, 50 fps and 60 fps sequences, respectively).

0.3. Operational points under consideration
For anchors, fixed Qp values will be picked that produce the overall rates close to the rates in Table 1. 
For the Random Access scenario, the following operational points are considered.
[bookmark: _Ref392570407][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Table 1: target rate points (Mbit/s) not to be exceeded.
	
	Sequence  
	Rate 1
	Rate 2
	Rate 3
	Rate 4
	Rate 5

	A01
	BalloonClip4000_1920x1080p_25_hf_709_ct2020_444p
	1
	1.3
	2
	3.3
	5

	A02
	Fire-eater2Clip4000_1920x1080p_25_hf_709_ct2020_444p
	1.5
	2
	3
	5
	8

	A03
	Tibul2Clip4000_1920x1080p_30_hf_709_ct2020_444p
	2
	2.75
	4
	7
	10

	A04
	Market3Clip4000_1920x1080p_50_hf_709_ct2020_444p
	2
	2.75
	4
	7
	10

	B01
	…
	…
	…
	…
	…
	…

	B02
	…
	…
	…
	…
	…
	…

	B03
	…
	…
	…
	…
	…
	…

	B04
	…
	…
	…
	…
	…
	…

	B05
	…
	…
	…
	…
	…
	…

	B06
	…
	…
	…
	…
	…
	…

	B07
	…
	…
	…
	…
	…
	…

	B08
	…
	…
	…
	…
	…
	…

	C01
	Lux
	1
	1.3
	2
	3.3
	5

	C02
	Typewriter
	1
	1.3
	2
	3.3
	5

	C03
	PanoHD_zoom_1920x1080_60_hf_709_ct2020_444p
	…
	…
	…
	…
	…



0.4. Anchors 
The anchor bitstreams as well as the converted 10 and 12-bit HDR integer sequences for category A and C shall be available under the directories “/Explorations/HDR/Anchors_PQTF/bitstreams” and “Explorations/HDR/Anchors_PQTF/source” of the http://wg11.sc29.org/content website, respectively. Access to these directories is protected using the most recent MPEG meeting login/password credentials..
The following anchor data shall be generated:
· Anchor1 -  HEVC Main 10 Profile, YCbCr, with PQ-TF
· Anchor2 -  HEVC ‘Main 12 4:2:0’ Profile, YCbCr, with PQ-TF
· Anchor3 -  HEVC ‘Main 12 4:4:4’ Profile, YCbCr, with PQ-TF

0.4.1. [bookmark: _Ref386356242]Anchor1 -  HEVC Main 10 Profile
These anchors shall be based on the HEVC Main 10 profile, which implies encodings using 4:2:0 subsampling and 10 bits per channel. The Y’CbCr color space shall be used. 
· The encoding is performed with HM15.0_RExt8.0, configured in 4:2:0 with the following settings:
· InputBitDepth and InternalBitDepth set to 10, Profile to main10
· The macro RExt__HIGH_BIT_DEPTH_SUPPORT is set to 1, which results in
· FULL_NBIT set to 1
· RExt__HIGH_PRECISION_FORWARD_TRANSFORM set to 1
· Using Random Access (RA) configuration from HEVC common test conditions.

0.4.1.1. Input 4:4:4 RGB linear-light, with BT. 2020 primaries
If the input is in a half float 4:4:4 RGB linear-light format (e.g. OpenEXR), with BT.2020 primaries, the Anchor1 bitstreams shall be generated using the coding / decoding chain illustrated in Figure 1.
The conversion to 4:2:0 10 bits Y’CbCr is obtained by applying the following steps :
· Convert half precision floating point data to single precision floating point data (not illustrated).
· Map using the PQ transfer function (PQ-TF) [3][4] from RGB (float) to R’G’B’ (float) by invoking Section 2.4.5.1 
· Convert from R’G’B’ (BT. 2020) to Y’CbCr  by invoking Section 2.4.5.3.
· Quantize from Y’CbCr (float) into DY’D’CbD’Cr (10bit) by invoking Section 2.4.6, with BitDepthY and BitDepthC set to 10.
· Downsample both chroma components from 4:4:4 DY’D’CbD’Cr (10bit) to 4:2:0 DY’D’CbD’Cr (10bit) by invoking Section  2.4.7.
Note: Dxx stands for Digitized version of signal xx. Y'CbCr stands for normalized value within [0,1].
The reverse conversion is obtained by applying the following steps :
· Upsample both chroma components from 4:2:0 DY’D’CbD’Cr (10bit) to 4:4:4 DY’D’CbD’Cr (10bit) by invoking Section 2.4.8.
· Inverse quantize from DY’D’CbD’Cr (10bit) into Y’CbCr (float) by invoking Section 2.4.9, with BitDepthY and BitDepthC set to 10.
· Convert from Y’CbCr (float) to R’G’B’ (float) by invoking Section 2.4.12.2
· Inverse map using the inverse PQ-TF from R’G’B’ (float) to RGB (float) by invoking Section 2.4.12.3.
· Convert, if needed, the data from single precision floating point numbers to half precision floating point numbers using appropriate rounding operations (not illustrated).



[bookmark: _Ref382553912][bookmark: OLE_LINK95][bookmark: OLE_LINK96]Figure 1: simplified encoding / decoding chains of anchor1when input HDR video is RGB linear light.

0.4.1.2. [bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108]Input 4:4:4 DY’D’CbD’Cr PQ-TF 12bit, with BT.2020 primaries
If the input is using a 4:4:4 PQ-TF 12bit format, with BT.2020 primaries, the Anchor1 bitstreams shall be generated using the coding / decoding chain illustrated in Figure 2.
The conversion to 4:2:0 10 bits Y’CbCr is obtained by applying the following steps :
· [bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Quantize from DY’D’CbD’Cr (12bit) into DY’D’CbD’Cr (10bit) by invoking Section 2.4.10, with BitDepthY and BitDepthC set to 10.
· Downsample both chroma components from 4:4:4 DY’D’CbD’Cr (10bit) to 4:2:0 DY’D’CbD’Cr (10bit) by invoking Section 2.4.7.
The reverse conversion is obtained by applying the following steps:
· Upsample both chroma components from 4:2:0 DY’D’CbD’Cr (10bit) to 4:4:4 DY’D’CbD’Cr (10bit) by invoking Section 2.4.8.
· Inverse quantize from DY’D’CbD’Cr (10bit) into DY’D’CbD’Cr (12bit) by invoking Section 2.4.11, with BitDepthY and BitDepthC set to 12.



[bookmark: _Ref392587870][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Figure 2: simplified encoding / decoding chains of anchor1 when input HDR video is 4:4:4 DY’D’CbD’Cr PQ-TF 12bit.

0.4.2. Anchor2 -  HEVC ‘Main 12 4:2:0’ Profile
TBD
0.4.3. Anchor3 -  HEVC ‘Main 12 4:4:4’ Profile
These are based on the HEVC Main 12 4:4:4 Profile, using Y’CbCr.
· The encoding is performed with HM15.0_RExt8.0, configured in 4:4:4 with the following settings:
· InputBitDepth=12 and InternalBitDepth=12,  Profile to main-RExt
· The macro RExt__HIGH_BIT_DEPTH_SUPPORT is set to 1, which results in
· FULL_NBIT set to 1
· RExt__HIGH_PRECISION_FORWARD_TRANSFORM set to 1
· Using Random Access (RA) configuration from HEVC common test conditions.

0.4.3.1. Input 4:4:4 RGB linear-light, with BT.2020 primaries
If the input is in a half float 4:4:4 RGB linear-light format (e.g. OpenEXR), with BT.2020 primaries, the Anchor3 bitstreams shall be generated using the coding / decoding chain illustrated in Figure 3.
The conversion to 4:4:4 12 bits Y’CbCr is obtained by applying the following steps :
Convert half precision floating point data to single precision floating point data (not illustrated).
· Map using PQ-TF from RGB (float) to R’G’B’ (float) by invoking Section 2.4.5.1 
· Convert from R’G’B’ (BT.2020) to Y’CbCr  by invoking Section 2.4.5.3.
· Quantize from Y’CbCr (float) into DY’D’CbD’Cr (10bit) by invoking Section 2.4.6, with BitDepthY and BitDepthC set to 12.
The reverse conversion from the quantized DY’D’CbD’Cr (12bit)  to the RGB (float) signal is obtained by applying the following steps :
· Inverse quantize from DY’D’CbD’Cr (12bit) into Y’CbCr (float) by invoking Section 2.4.9, with BitDepthY and BitDepthC set to 12.
· Convert from Y’CbCr (float) to R’G’B’ (float) with BT.2020 primaries by invoking Section 2.4.12.2
· Inverse map using the inverse PQ-TF from R’G’B’ (float) to RGB (float) by invoking Section 2.4.12.3.
· If needed, convert the data from single floating point precision back to half float precision (for comparisons with the source data), using appropriate rounding operations.



[bookmark: _Ref382553934][bookmark: _Ref392588295]Figure 3: simplified encoding /  decoding chains of anchor3 when input HDR video is RGB linear light.

0.4.3.2. Input 4:4:4 DY’D’CbD’Cr PQ-TF 12bit, with BT.2020 primaries
If the input is in a 4:4:4 DY’D’CbD’Cr PQ-TF 12bit format with BT.2020 primaries, the input signal is directly fed into the codec.

0.4.4. Color space conversion from RGB to XYZ 
0.4.4.1. [bookmark: _Ref386356152]RGB with BT.709 primaries to XYZ
· X =   0.412391 * R + 0.357584 * G + 0.180481 * B
· Y =   0.212639 * R + 0.715169 * G + 0.072192 * B
· Z =   0.019331 * R + 0.119195 * G + 0.950532 * B

0.4.4.2. [bookmark: _Ref386356162]RGB with BT.2020 primaries to XYZ 
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]X =   0.636958 * R + 0.144617 * G + 0.168881 * B
· Y =   0.262700 * R + 0.677998 * G + 0.059302 * B
· Z =   0.000000 * R + 0.028073 * G + 1.060985 * B

0.4.5. Color transformation from RGB to Y’CbCr
0.4.5.1. [bookmark: _Ref386355856]Conversion from RGB to R’G’B’ 
· R’ = PQ_TF(max(0, min(R/10000,1)) )
· G’ = PQ_TF(max(0, min(G/10000,1)) )
· B’ = PQ_TF(max(0, min(B/10000,1)) )

with 	



0.4.5.2. [bookmark: _Ref386355989]R’G’B’ with BT.709 primaries to Y’CbCr
· Y’ = 0.2126 * R’ + 0.7152 * G’ + 0.0722 * B’
· 
· 

0.4.5.3. [bookmark: _Ref386355873]R’G’B' with BT.2020 primaries to Y’CbCr 
· Y’ = 0.2627 * R’ + 0.6780 * G’ + 0.0593 * B’
· 
· 
[bookmark: _Ref394913661]
0.4.6. Quantization from Y’CbCr into DY’ D’CbD’Cr
This process quantizes the input Y’CbCr signal into a signal of bit-depth BitDepthY for the Y component and BitDepthC for the chroma components (Cb, Cr).
· 
· 
· 

with
	Round( x ) = Sign( x ) * Floor( Abs( x ) + 0.5 )
Sign ( x ) = -1 if x < 0, 0 if x=0, 1 if x > 0
	Floor( x )	the largest integer less than or equal to x
	Abs( x ) = x if x>=0, -x if x<0
Clip1Y( x ) = Clip3( 0, ( 1  <<  BitDepthY ) − 1, x )
Clip1C( x ) = Clip3( 0, ( 1  <<  BitDepthC ) − 1, x )
Clip3( x,y,z ) = x if z<x, y if z>y, z otherwise


0.4.7. [bookmark: _Ref386355884]Chroma downsampling from 4:4:4 to 4:2:0
The chroma samples alignment is as follows:


	Phase k
	Coefs  c1[k]
4:4:4  4:2:2
(p=0)
	Coefs c2[k]
4:2:2  4:2:0
(p=0.5)

	-1
	1
	0

	0
	6
	4

	1
	1
	4



· Define shift =6 and offset = 32.
· Let H and W be the input picture height and width in chroma samples. For i = 0..H-1, j = 0..W/2-1, the intermediate samples f[ i ][ j ] are derived from the input samples s[ i ][ j ] as follows:

with	Clip3( x,y,z ) = x if z<x, y if z>y, z otherwise

· For i = 0..H/2-1, j = 0..W/2-1, the output samples r[ i ][ j ] are derived from the intermediate samples f[ i ][ j ] as follows:



0.4.8. [bookmark: _Ref394915308]Chroma upsampling from 4:2:0 to 4:4:4 (Y’CbCr domain)
The upsampling filter used is the same for both horizontal and vertical processes. First, vertical filtering is applied on the 4:2:0 picture, then horizontal filtering.
Filter coefficients values are as follows:   
	Phase
	-2
	-1
	0
	1

	Coef c[k]
	-4
	36
	36
	-4

	Coef d0[k]
	-2
	16
	54
	-4

	Coef d1[k]
	-4
	54
	16
	-2



Define shift1 = 6, offset1 = 32, shift2 = 12, offset2 = 2048.
Let H and W be the input picture height and width in chroma samples. For i = 0..H-1, j = 0..W-1, the intermediate samples f[ i ][ j ] are derived from the input samples s[ i ][ j ] as follows:


For i = 0..2*H-1, j = 0..W-1, the output samples r[ i ][ j ] are derived from the intermediate  samples f[ i ][ j ] as follows:



0.4.9. [bookmark: _Ref389555540]Inverse Quantization from DY’ D’CbD’Cr  into Y’CbCr
This process dequantizes the input signal represented on BitDepthY bits for the Y component and BitDepthC bits for the chroma components (Cb, Cr) into a (float) signal Y’CbCr.
· 
· 
· 

with	
ClipY’ (x) = Clip3 ( 0, 1.0, x)
	ClipC (x) = Clip3 ( -0.5, 0.5, x)

0.4.10. [bookmark: _Ref392590171]Quantization of DY’ D’CbD’Cr 12 bits
This process quantizes the input 12 bits DY’ D’CbD’Cr signal into a signal of bit-depth BitDepthY for the Y component and BitDepthC for the chroma components (D’Cb D’Cr).
· 

· 

· 

0.4.11. [bookmark: _Ref392590191]Inverse Quantization of DY’ D’CbD’Cr to 12bits
This process inverse quantizes the input DY’ D’CbD’Cr signal of bit-depth BitDepthY for the Y component and BitDepthC for the chroma components (D’Cb D’Cr) into a signal of bit-depth 12 bits.
· 

· 

· 

with	
ClipDY’ (x) = Clip3 (256, 3760 , x)
	ClipDc (x) = Clip3 ( 256, 3840, x)

0.4.12. Color transformation from Y’CbCr to RGB
0.4.12.1. [bookmark: _Ref389553752]Y’CbCr to R’G’B’ with BT.709 primaries 
· R’ = clipRGB(Y’                + 1.57480 * Cr)
· G’ = clipRGB(Y’ – 0.18733 * Cb – 0.46813 * Cr)
· B’ = clipRGB(Y’ + 1.85563 * Cb               )

0.4.12.2. [bookmark: _Ref389555755]Y'CbCr to R’G’B' with BT.2020 primaries 
· R’ = clipRGB(Y’                + 1.47460 * Cr)
· G’ = clipRGB(Y’ – 0.16455 * Cb – 0.57135 * Cr)
· B’ = clipRGB(Y’ + 1.88140 * Cb               )

[bookmark: OLE_LINK109][bookmark: OLE_LINK110]with clipRGB( x ) = Clip3( 0, 1, x )

0.4.12.3. [bookmark: _Ref389553829][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Conversion from R’G’B’ to RGB
· R = 10000*inversePQ_TF(R’)
· G = 10000*inversePQ_TF(G’)
· B = 10000*inversePQ_TF(B’)
with  

0.4.13. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Color Space Conversion for subjective viewing on HDR displays
0.4.13.1. [bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79]Conversion from BT.2020 to P3D65  for viewing on a Pulsar display
Given a reconstructed image in BT.2020 color space, the workflow to convert BT.2020 color space into P3D65  color space for subjective viewing on Pulsar is as follows:
· The input BT.2020 image is the normalized output (R’, G’, B’) of section 2.4.12.2.
· [bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114]Get linear (R, G, B) from (R’, G’, B’) by invoking the section 2.4.12.3.
· [bookmark: OLE_LINK51][bookmark: OLE_LINK52]Get (X, Y, Z) from (R, G, B) by invoking the section 2.4.4.2.
· Apply XYZ to P3D65  RGB conversion:
· [bookmark: OLE_LINK53][bookmark: OLE_LINK54]R =  2.493497 * X - 0.931384 * Y - 0.402711 * Z
· G = -0.829489 * X + 1.762664 * Y + 0.023625 * Z
· B =  0.035846 * X - 0.076172 * Y + 0.956885 * Z

· [bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]Get (R’, G’, B’) from (R, G, B) by invoking the section 2.4.5.1.
· [bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Get quantized 12 bit DR’, DG’, DB’  by invoking the section 2.4.15.
· [bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Put into 16 bit tiff container: ( DR’, DG’, DB’  ) = 16 * ( DR’, DG’, DB’  )

0.4.13.2. Conversion from BT.709 to P3D65  for viewing on a Pulsar display
Given a reconstructed image in BT.709 color space, the workflow to convert BT.709 color space into P3D65 color space for subjective viewing on Pulsar is as follows:
· The input BT.709 image is the normalized output (R’, G’, B’) of section 2.4.12.1.
· Get linear (R, G, B) from (R’, G’, B’) by invoking the section 2.4.12.3.
· Get (X, Y, Z) from (R, G, B) by invoking the section 2.4.4.1.
· Apply XYZ to P3D65  RGB conversion:
· R =  2.493497 * X - 0.931384 * Y - 0.402711 * Z
· G = -0.829489 * X + 1.762664 * Y + 0.023625 * Z
· B =  0.035846 * X - 0.076172 * Y + 0.956885 * Z

· Get (R’, G’, B’) from (R, G, B) by invoking the section 2.4.5.1.
· Get quantized 12 bit DR’, DG’, DB’  by invoking the section 2.4.15.
· Put into 16 bit tiff container: ( DR’, DG’, DB’  ) = 16 * ( DR’, DG’, DB’  )

0.4.13.3. Conversion from BT.2020 to BT.709 for viewing on BT.709 capable displays
In case of using a display operating with BT.709 primaries, the content represented with BT.2020 primaries has to be converted using the following process:
· Conversion from RinGinBin (BT.2020) to XYZ:
· X =   0.636958 * Rin + 0.144617 * Gin + 0.168881 * Bin
· Y =   0.262700 * Rin + 0.677998 * Gin + 0.059302 * Bin
· Z =   0.000000 * Rin + 0.028073 * Gin + 1.060985 * Bin

· Conversion from XYZ to RoGoBo (BT.709):
· Ro =  max( 0, 3.240970 * X - 1.537383 * Y - 0.498611 * Z )
· Go = max( 0, -0.969244 * X + 1.875968 * Y + 0.041555 * Z )
· Bo =  max( 0, 0.055630 * X - 0.203977 * Y + 1.056972 * Z )

0.4.14. [bookmark: _Ref392669181][bookmark: OLE_LINK59][bookmark: OLE_LINK60]Inverse Quantization from 12bit DR’DG’DB’ into normalized R’G’B’ for PQ
range_low = 16, range_high = 4076 
C’ = (DC’ – range_low) / (range_high - range_low) where C’ = R’, G’, B’

0.4.15. [bookmark: _Ref392669109]Quantization from normalized R’G’B’ into 12bit DR’DG’DB’ for PQ
DC’  = round(C’ * (range_high - range_low) + range_low) where C’ = R’, G’, B’

0.4.16. Color Space container Conversion 
0.4.16.1. Conversion from BT.709 to BT.2020 
· Conversion from RinGinBin (BT.709) to XYZ:
· X =   0.412391 * Rin + 0.357584 * Gin + 0.180481 * Bin
· Y =   0.212639 * Rin + 0.715169 * Gin + 0.072192 * Bin
· Z =   0.019331 * Rin + 0.119195 * Gin + 0.950532 * Bin


· Conversion from XYZ to RoGoBo (BT.2020):
· Ro =  max( 0, 1.716651 * X – 0.355671 * Y - 0.253366 * Z )
· Go =  max( 0,-0.666684 * X + 1.616481 * Y + 0.015768 * Z )
· Bo =  max( 0, 0.017640 * X - 0.042771 * Y + 0.942103 * Z )

0.4.16.2. Conversion from P3D65 to BT.2020 
· Conversion from RinGinBin (P3D65) to XYZ:
· X =   0.486571 * Rin + 0.265668 * Gin + 0.198217 * Bin
· Y =   0.228975 * Rin + 0.691739 * Gin + 0.079287 * Bin
· Z =   0.000000 * Rin + 0.045113 * Gin + 1.043944 * Bin

· Conversion from XYZ to RoGoBo (BT.2020):
· Ro =  max( 0, 1.716651 * X – 0.355671 * Y - 0.253366 * Z )
· Go =  max( 0,-0.666684 * X + 1.616481 * Y + 0.015768 * Z )
· Bo =  max( 0, 0.017640 * X - 0.042771 * Y + 0.942103 * Z )
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