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A high dynamic range (HDR) video service is an 
upcoming issue in the broadcasting industry. For 
compatibility with legacy devices receiving a non-constant 
luminance (NCL) signal, new tools supporting an HDR 
video service are required. The current pre-processing 
chain of HDR video can produce color noise owing to the 
chroma component down-sampling process for video 
encoding. Although a luma adjustment method has been 
proposed to solve this problem, some disadvantages still 
remain. In this paper, we present an adaptive color noise 
reduction method for an NCL signal of an HDR video 
service. The proposed method adjusts the luma 
component of an NCL signal adaptively according to the 
information of the luma component from a constant 
luminance signal and the level of color saturation. 
Experiment results show that the color noise problem is 
resolved by applying our proposed method. In addition, 
the speed of the pre-processing is increased more than 
two-fold compared to a previous method. 
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I. Introduction 

Over the past years, image resolution has increased for high-
quality video services. Currently, ultra high definition television 
(UHDTV) supports a high resolution of 4 K (3,840 × 2,160) 
and even 8 K (7,680 × 4,320). However, it has been reported 
that the visual impact of a resolution of over 4 K is weak, 
bringing the enhancement of the quality of the pixels to the 
forefront. Namely, a high dynamic range (HDR) and wide 
color gamut (WCG) are important issues for the next 
generation of television and broadcasting. HDR images can 
express a greater range of luminance levels, whereas WCG can 
support an expanded color space. 

The industry has defined various standards for supporting 
HDR/WCG video services [1], [2]. For example, the 
International Telecommunication Union Radiocommunication 
(ITU-R) has published its Recommendation ITU-R BT.2020 
[3], which includes parameter values for UHDTV systems  
for production and international program exchanges. BT.2020 
defines a wider color gamut than that defined in BT.709 [4]. 
The Society of Motion Picture Television (SMPTE) has 
finished two SMPTE standards, ST2084 [5] and ST2086 [6]. 
ST2084 includes a perceptual quantizer electro-optical transfer 
function (PQ-EOTF) [7], [8] with an HDR capability of zero to 
10,000 nits (cd/m2), and ST2086 defines the mastering display 
color volume metadata for HDR/WCG images. Digital Video 
Broadcast is in the process of defining UHD-1 phase 2 [9] with 
HDR being one of the main topics, and the High Definition 
Multimedia Interface standard has adopted the signaling of 
ST2084 and ST2086 for transmission, as specified in CEA-
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861.3 [10]. In addition, the High Efficiency Video Coding 
(HEVC) [11], [12] standard developed by the Joint 
Collaborative Team on Video Coding for use by both the ITU-
T SG16 WP3 Video Coding Experts Group and ISO/IEC 
JTC1/SC29/WG11 Moving Picture Experts Group (MPEG) 
has supported ST2084 and ST2086 through metadata, such as 
supplemental enhancement information messages or video 
usability information.  

Recently, MPEG issued a call for evidence (CfE) [13] on 
HDR/WCG video content to develop technologies for possible 
extensions of the HEVC standard. For the testing and 
evaluation of these proposals, an anchor is generated using an 
end-to-end coding chain defined in the CfE. It was reported 
that the generated anchor contents include color noise from  
the chroma down-sampling process before the video is 
compressed. Although a luma adjustment method [14] using an 
output HDR video signal was proposed to solve this problem, 
the method still has some disadvantages. Moreover, the 
method dramatically increases the pre-processing complexity 
because an iteration process is applied to all pixels. In this paper, 
we propose a method for reducing color noise by applying    
a luma adjustment adaptively, and for decreasing the pre-
processing complexity. 

The remainder of this paper is organized as follows. In 
Sections II and III, an end-to-end HDR video coding chain of 
MPEG CfE and a luma adjustment method are reviewed, 
respectively. An analysis of the color noise issue and our 
proposed color noise reduction method are introduced in 
Section IV. Finally, a performance analysis and some 
concluding remarks are represented in Sections V and VI, 
respectively. 

II. MPEG HDR Video Coding Chain 

MPEG has issued a CfE to increase the coding efficiency or 
support the functionality of HDR/WCG video based on the 
HEVC main10 profile. For an evaluation of the proposed 
contributions, an end-to-end encoding and decoding chain for 
generating anchors is applied, as shown in Fig. 1. The coding 
chain basically follows a non-constant luminance (NCL) 
approach, and each process of the encoding chain is conducted 
inversely in the decoding chain. In this section, we briefly 
review each process for an anchor generation.  

1. Transfer Function (Inverse Transfer Function) 

The transfer function converts a linear RGB signal (E in  
Fig. 1) of input HDR video into a non-linear RGB signal (D 
in Fig. 1) using PQ-OETF described in ST2084. PQ-OETF 
was designed to cover a luminance range of zero to 10,000 nits,   

 

Fig. 1. Block diagram of end-to-end encoding and decoding chain.
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and the converted RGB values are normalized within the 
range of [0, 1]. Namely, the transfer of each of the linear R, G, 
and B component values is achieved using (1). 
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In contrast, the inverse PQ-OETF converts a non-linear 
RGB signal D in Fig. 1, into a linear RGB signal, (E in   
Fig. 1), in the decoding chain. The equation for the conversion 
is represented in (2), and the coefficients m1, m 2, c1, c2, and c3 

are the same as those of PQ-OETF. 

R = 10,000 × inversePQ_TF(R) 
G = 10,000 × inversePQ_TF(G)                     (2) 
B = 10,000 × inversePQ_TF(B), 
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2. Conversion from RGB to YCbCr (YCbCr to RGB) 

The transferred non-linear RGB signal (D in Fig. 1), is 
converted into a YCbCr color space signal (C in Fig. 1), that is 
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compatible with conventional television. Through a simple 
conversion, a 3 × 3 matrix can be applied to the R, G, and B 
values. The matrix coefficients differ depending on the 
container primaries of the content, for example, the conversion 
processes for the BT.709 and BT.2020 containers are 
represented in (3) and (4), respectively. 

Y = 0.212600 * R + 0.715200 * G + 0.072200 * B, 
Cb = –0.114572 * R – 0.385428 * G + 0.500000 * B,   (3) 
Cr = 0.500000 * R – 0.454153 * G – 0.045847 * B, 

 
Y = 0.262700 * R + 0.678000 * G + 0.059300 * B, 
Cb = –0.139630 * R – 0.360370 * G + 0.500000 * B,   (4) 
Cr = 0.500000 * R – 0.459786 * G – 0.040214 * B. 
  

On the other hand, the reconstructed YCbCr signal (C in   
Fig. 1), in the decoding chain can be converted into an RGB 
signal (D in Fig. 1) by applying an inverse of a 3 × 3 matrix. 
The equations for the conversion of the container primary of 
BT.709 and BT.2020 are shown in (5) and (6), respectively. In 
this case, the converted RGB values are clipped to the range 
of [0, 1]. 

  
R = Y + 1.57480 * Cr, 

G = Y – 0.18733 * Cb – 0.46813 * Cr,              (5) 
B = Y + 1.85563 * Cb, 

  
R = Y + 1.47460 * Cr, 

G = Y – 0.16455 * Cb – 0.57135 * Cr,              (6) 
B = Y + 1.88140 * Cb. 

3. Quantization and Resampling 

A converted YCbCr signal (C in Fig. 1) with a 4:4:4 chroma 
format is quantized using a 10 bit-depth range, and the chroma 
components are down-sampled to 4:2:0 format (A in Fig. 1) to 
fit into the HEVC main 10 profile. Currently, 4:2:0 YCbCr 
video is compressed using a reference HEVC encoder, and  
the coded bitstream is decoded using an HEVC decoder. The 
inverse process including up-sampling and inverse quantization 
are conducted in the decoding chain. Details of the quantization 
and resampling process are described in [13].  

III. Luma Adjustment  

It was noted that the anchor contents generated by the 
MPEG pre-processing chain produced color noise. Figure 2(a) 
shows an original input HDR image, and Fig. 2(b) shows an 
output HDR image of an anchor generated using an MPEG 
end-to-end coding chain exempting the compression process. 
In spite of the omission of the compression process, color noise 

 

Fig. 2. Comparison of (a) input and (b) output HDR video of an 
anchor generation (Market). 
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Fig. 3. Block diagram of luma adjustment method. 
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such as salt-and-pepper noise is observed. This noise is caused 
by luminance errors between the input and output luminance 
values owing to the chroma down-sampling process. Because 
the luminance value of the output HDR video is basically 
generated through a combination of the Y, Cb, and Cr 
components, the errors from the chroma down-sampling 
process are propagated to the output luminance value.  

A luma adjustment method was proposed to solve this 
problem. This method seeks an optimal luma value of Y 
making the luminance value of the output HDR video similar 
to that of the input HDR video. Meanwhile, chroma values  
are not changed to preserve the hue. To describe this method 
further, a block diagram of the luma adjustment is shown in  
Fig. 3 with a modification of the pre-processing part. The luma 
adjustment process for the BT.709 color gamut is applied 
through a binary search of the luma value as represented in the 
following pseudo code. Here, Yref and Ydec are used to indicate 
the luminance values of the input and an expected output HDR 
video, respectively.  

  
FOR (i = 0; (i < 10) && (Ymax > Ymin + 1); i ++) 
{ 

Ycand = (Ymin + Ymax)/2 
iqYcand = Inverse Quantization(Ycand) 

  RGB = Apply (5) to iqYcandCbCr  
  RGB = Apply (2) to RGB 
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Ydec = 0.2126 * R + 0.7152 * G + 0.0722 * B 
IF (Ydec < Yref) 

   Ymin = Ycand, Ydec_min = Ydec 
ELSE 

   Ymax = Ycand, Ydec_max = Ydec 

}                                            (7) 
Yref = Apply (1) to Yref 
Ydec_min = Apply (1) to Ydec_min 
Ydec_max = Apply (1) to Ydec_max 
IF (abs(Yref – Ydec_min) < abs(Yref – Ydec_max)) 
  Yfinal = Quantization(Ymin) 
ELSE 
  Yfinal = Quantization(Ymax). 
  

In addition, the initial values of Ymin and Ymax can be set to  
zero and 1,023 under a 10-bit depth condition. The initial 
iqYcandCbCr consists of inverse quantized Ycand and up-
sampled Cb and Cr components, as described in Fig. 3. The 
iqYcandCbCr value is converted into an expected output RGB 
value through the post-processing chain, and the luminance 
value of Ydec is calculated. Next, the minimum and maximum 
values of the luma and luminance components are updated by 
comparing the luminance values of Yref and Ydec. After the 
iteration process is conducted, the luminance values of Yref, 
Ydec_min, and Ydec_max are converted into non-linear values using 
PQ-OETF. Now, the luma value of Yfinal is set to Ymin or Ymax 

according to a gap between Yref and Ydec_min or Yref and Y’dec_max. 
Consequently, the optimal luma value of Yfinal is used as the 
input value of the HEVC encoding process.  

IV. Analysis and Proposed Method 

As described in Section III, the luma adjustment method 
minimizes luminance errors between input and output HDR 
video. However, we observed other noises on a Dell 
UltraSharp U3014 monitor, as shown in Fig. 4. In the anchor 
image, a sharpness effect is observed around the fire, whereas 
some blurring artefacts are observed when using the luma  

 

 

Fig. 4. Comparison of (a) input and output of (b) anchor
generation and (c) luma adjustment (FireEater). 
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adjustment method. In addition, the pre-processing complexity 
is dramatically increased by the iteration process. 

For this section, we analyzed two aspects to solve the color 
noise and complexity problems. One is a relationship between 
the luma value in a constant luminance (CL) [3], [15] signal 
and that in an NCL signal. The second is saturation information 
of colors according to the container primary of the contents.  

1. Constant Luminance  

The HDR coding method of a CL signal is described in   
Fig. 5. In a CL signal, a pure luma component, denoted by YCL, 
is generated by directly applying PQ-OETF to the luminance 
value, denoted by Yref. On the other hand, the luma component 
of an NCL signal is derived by combining the R, G, and B 
components, which are transferred from the linear R, G, and B 
components, respectively. Therefore, the luma component of a 
CL signal is highly de-correlated from the chroma components 
compared to that of an NCL signal. However, a CL signal is 
difficult to use in real applications owing to its significant 
complexity.  

The luma value of YCL is mostly preserved until the 
luminance value Ydec of the output HDR video is generated if 
we assume that the compression process is skipped. Therefore, 
the luminance errors between the input and output luminance 
values are negligible in the CL signal, and the color noise 
observed in the NCL signal does not occur, as shown in Fig. 6. 
Because the noise is produced at a certain region of an image in 
the NCL signal, the characteristics of the color noise may be 
found through the relationship between the NCL and CL 
signals. To find some characteristics, we analyzed statistics for 
the luma value difference between NCL and CL signals.  
Figure 7 shows the percentage of the absolute difference value 
between Y and YCL. Within the range of 0 to 0.02, about 80% 
and 50% of the pixels are allocated in the Market and FireEater 
sequence, respectively. In other words, most of the luma values 
of an NCL signal are similar to those of a CL signal, and those 
 

 

Fig. 5. HDR coding method of CL signal. 
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Fig. 6. Comparison of (a) input and output of (b) NCL, and (c) CL 
signals (Market). 
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Fig. 7. Percentage of absolute difference between CL and NCL
luma values (Market, FireEater, and Tibul). 
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pixels may not produce color noise. On the other hand, most of 
the pixels in the Tibul sequence have a high difference between 
Y and YCL because it is a game graphic sequence. The 
luminance errors may be produced when the luma value of an 
NCL signal is highly different from the luma value of a CL 
signal. In this paper, we applied the luma adjustment method 
solely to some pixels satisfied through a condition in which the 
absolute difference value between Y and YCL is larger than 0.1. 
The simulation results from applying this constraint are given 
in Section V.  

2. Container Primary  

The color primaries of the test sequences showed that the 
color noise was originally constrained within the range of the 
BT.709 container. For an evaluation of the WCG technologies   
of MPEG, these sequences were converted into a BT.2020 
container. To see whether the color noise is still produced in the 
sequences of BT.2020 container, we observed the BT.2020 
container anchor generated by the MPEG CfE chain. Figure 8   

 

Fig. 8. Comparison of the (a) input and (b) output of a BT.2020 
container (Market). 
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Fig. 9. Color gamut of BT.709 and BT.2020. 
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Table 1. Example of color representation for pixel ‘A’ in Fig. 9. 

Gamut R, G, B R, G, B Y, Cb, Cr YCL 

0.000009 0.059858 0.523587 

0.036925 0.644009 0.093025 BT.709 

0.059950 0.696204 –0.294469 

0.014761 0.547651 0.616822 

0.034636 0.637168 0.039230 BT.2020 

0.056941 0.690629 –0.046909 

0.624444 

 

 
shows a comparison of the original input HDR video of the 
BT.709 container and the output HDR video of the BT.2020 
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container. The salt-and-pepper noise observed in the BT.709 
container is unnoticeable in the BT.2020 container. 

To investigate the container primary issue, we represented a 
pixel value in both the BT.709 and BT.2020 containers. As an 
example, we selected pixel ‘A’ located at the BT.709 color 
gamut boundary, as described in Fig. 9. We then converted the 
pixel value into the BT.2020 container and the other color 
spaces, as shown in Table 1. The conversion process from    
a linear RGB BT.709 container to a linear RGB BT.2020 
container can be conducted as follows:  

  
R2020 = 0.6274 * R709 + 0.3293 * G709 + 0.0433 * B709, 
G2020 = 0.0691 * R709 + 0.9195 * G709 + 0.0114 * B709,   (8) 
B2020 = 0.0164 * R709 + 0.0880 * G709 + 0.8956 * B709. 
  

Here, R709 and R2020 denote the R component value in the 
BT.709 and BT.2020 containers, respectively. A conversion 
from RGB to RGB and from RGB to YCbCr in each 
container primary can be achieved using the equations 
provided in Section II. The luma component Y of the BT.709 
container is 0.523587, whereas the Y value of the BT.2020 
container is 0.616822. When compared to the luma component 
(YCL, 0.624444) of the CL signal, the luma value of the 
BT.2020 container is relatively similar to YCL. The difference 
in the luma value between the NCL BT.709 container and CL 
signal is 0.100857, which according to Fig. 7, is significant.  
This phenomenon is prominent when pixels are located at the 
BT.709 gamut boundary. In other words, highly saturated 
colors tend to produce color noise. Meanwhile, after converting 
the pixels into the BT.2020 container, the saturated colors in the 
BT.709 container became relatively non-saturated, and color 
noise was not produced.  

We assumed that pixels having a large difference in luma 
value between the CL and NCL signals will have a high level 
of saturation. To verify this assumption, we examined the level  
 

of saturation with the minimum value among the R, G, and B 
components when the absolute difference value between the 
luma components of NCL and CL is larger than 0.1. Figure 10 
shows the percentage distribution of the minimum values. 
More than 50% of the pixels from each sequence are close to 
zero, that is, most of the pixels are highly saturated. Because 
the saturated pixels have a high possibility of color noise 
occurrence, the relatively non-saturated pixels can be excluded 
from the luma adjustment process. In the next section, we set a 
threshold value of 0.0002 for the saturation level, and skipped 
the luma adjustment method when the minimum value of the 
linear R, G, and B input components is larger than or equal to 
the threshold value. 

Consequently, our proposed method applies the luma 
adjustment adaptively according to two factors: the absolute 
 

 

Fig. 10. Percentage of minimum values of RGB components 
(Market, FireEater, and Tibul). 
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Fig. 11. Block diagram of the proposed method. 
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difference value between the luma components of NCL and 
CL signals, and the minimum value of the linear R, G, and B 
input components, as described in Fig. 11.  

V. Performance Analysis  

In this section, the subjective and objective results of our 
proposed method are presented. For the experiment, we 
implemented the proposed method using the test model 
software HDRTools 1.0 [16] used for MPEG CfE evaluations, 
and the class A test sequences having a BT.709 container were 
provided by Technicolor [17], as shown in Table 2.  

First, we looked at the target samples for applying the luma 
adjustment method according to the difference in luma 
component value between the NCL and CL signals and 
saturation level of the colors. Condition 1 is used to indicate the 
absolute difference value between Y and YCL, and condition 2 
is used to indicate the saturation level of the colors. In this 
experiment, we set the threshold values for conditions 1 and 2, 
as shown in Fig. 11, as follows: 

  
condition 1: abs(YCL – Y) > 0.1, and 
condition 2: min(R, G, B) < 0.0002, 

 
where abs(a) denotes the absolute value of ‘a,’ and min(a, b, c) 
denotes the minimum value of ‘a,’ ‘b,’ and ‘c.’ To see the 
distribution of target pixels according to each condition, the 
target pixels are highlighted with white in the test sequence, as 
depicted in Fig. 12. In the Market sequence, the pixels showing 
color noise from the anchor are targeted by applying condition 
1, as shown in Fig. 12(b). The targeted pixels are mostly 
remained when condition 2 is added to condition 1, as shown 
in Fig. 12(c). In the FireEater sequence, a number of pixels 
around the fire-eaters are selected when we apply condition 1. 
However, when condition 2 is added to condition 1, some of 
the selected pixels are filtered according to the level of 
saturation. The excluded pixels are relatively non-saturated 
colors, and the luma adjustment method will not apply to them. 

Second, we observed the visual quality of the proposed 
method satisfying the two conditions together on a monitor. 
 

Table 2. Test sequences. 

Class 
Sequence 

name 
Frame 

rate (fps) 
Number of 

frames 
Color gamut Resolution 

FireEater 25 200 

Tibul 30 240 A 

Market 50 400 

BT.709 1,920 × 1,080

 

 

Fig. 12. Comparison of (a) anchor YCbCr and luma adjustment 
target pixels satisfying (b) condition 1 and (c) conditions 
1 and 2 (Market and FireEater). 

(a) (b) (c) 

 
 

 

Fig. 13. Comparison of (a) input and output of the (b) anchor 
generation, (c) luma adjustment, and (d) proposed 
methods (Market, FireEater, and Tibul). 

(a) (b) (c) (d) 

 
Figure 13 shows a comparison of the original input image and 
output image of the anchor generation, the luma adjustment 
method, and the proposed method. In the Market sequence, the 
color noise from the luminance errors is reduced for both the 
luma adjustment method and our proposed method. In the 
FireEater sequence, the luminance errors create sharpness 
effects in the anchor-generated image, as shown in Fig. 13(b), 
and the luma adjustment method causes blurring artefacts 
throughout the overall image, as shown in Fig. 13(c). On the 
other hand, the proposed method reduces the blurring artefacts 



ETRI Journal, Volume 38, Number 5, October 2016 Jinho Lee et al.   865 
http://dx.doi.org/10.4218/etrij.16.2615.0028 

Table 3. Objective results of anchor generation. 

Sequence mPSNR Y mPSNR U mPSNR V mPSNR tPSNR X tPSNR Y tPSNR Z tPSNR XYZ deltaE PSNR 
Pre-processing 

speed (fps) 

FireEater 53.51 44.99 43.30 40.70 48.18 49.34 49.62 49.00 45.72 1.64 

Tibul 53.25 53.52 42.41 41.71 42.96 44.03 48.15 44.52 41.31 1.63 

Market 56.85 47.93 44.78 42.90 47.24 49.34 44.59 46.62 36.69 1.66 

Average 54.53 48.82 43.50 41.77 46.12 47.57 47.45 46.72 41.24 1.64 

 

Table 4. Objective results of luma adjustment method. 

Sequence mPSNR Y mPSNR U mPSNR V mPSNR tPSNR X tPSNR Y tPSNR Z tPSNR XYZ deltaE PSNR 
Pre-processing 

speed (fps) 

FireEater 47.21 44.97 44.49 41.31 62.02 66.95 52.28 56.48 49.53 0.24 

Tibul 47.69 54.08 48.60 46.20 58.70 61.45 57.22 58.65 48.01 0.21 

Market 55.27 48.57 45.63 43.92 55.40 69.09 45.68 50.00 36.84 0.23 

Average 50.06 49.21 46.24 43.81 58.71 65.83 51.73 55.04 44.79 0.23 

 

Table 5. Objective results of the proposed method. 

Sequence mPSNR Y mPSNR U mPSNR V mPSNR tPSNR X tPSNR Y tPSNR Z tPSNR XYZ deltaE PSNR 
Pre-processing 

speed (fps) 

FireEater 53.34 44.99 43.57 40.89 51.05 52.84 51.74 51.81 46.47 0.69 

Tibul 52.24 53.61 44.94 44.04 49.15 50.95 57.03 51.30 44.74 0.27 

Market 56.49 48.07 45.06 43.25 49.15 52.16 45.37 48.02 36.73 0.76 

Average 54.02 48.89 44.53 42.72 49.78 51.98 51.38 50.38 42.65 0.57 

 

 
and the sharpness effects, as shown in Fig. 13(d). For example, 
the regions around the flame and the person in Fig. 13(d) are 
more similar to the original image in Fig. 13(a) than the other 
images. The reduction of salt-and-pepper noise using the 
proposed method is also observed in the Tibul sequence. 

Third, we showed the objective results using the objective 
test methods described in MPEG CfE [13]. For objective 
results, the tests were conducted using an Intel Core i7-4790K 
CPU @ 4.00 GHz with 32 GB of RAM. Although three kinds 
of methods are provided for visual quality evaluations, it is 
difficult to measure the real visual quality of HDR video using 
the objective data. Therefore, studies conducted to find 
appropriate evaluation methods are still ongoing. Tables 3, 4, 
and 5 show the objective results of the anchor generation, luma 
adjustment method, and proposed methods, respectively. Most 
of the results from the proposed method are better than the 
anchor generation, and worse than those of the luma 
adjustment method because the proposed method applies the 
luma adjustment method to the selected pixels according to the 
particular conditions. However, the average mPSNR Y value  

 
of the luma adjustment method is decreased by 50.06 
compared to the anchor of 54.53. On the other hand, the result 
of the proposed method is 54.02, which is similar to that     
of the anchor generation. The pre-processing speed is also 
represented to measure the encoding chain complexity. The 
luma adjustment method dramatically decreases the pre-
processing speed owing to the iteration process for all pixels, 
whereas the proposed method applies the luma adjustment 
method adaptively and increases the average frame rate per 
second (fps) more than two-fold compared to the luma 
adjustment method. In the Market sequence, the fps of the 
proposed method is 0.76, and the luma adjustment method is 
0.23, which is more than a three-fold increase in speed. 

VI. Conclusion  

In this paper, we proposed an adaptive luma adjustment 
method using the information of a constant luminance signal 
and the levels of color saturation. The proposed method can 
remove color noise and reduce the pre-processing complexity 
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by more than two-fold compared to the previous method.  
Because the proposed method is related to the pre-processing 

part in a non-constant luminance signal, no additional metadata 
are required. Therefore, a generated bitstream by the proposed 
method can be adopted to a legacy receiver supporting HDR 
video services. Moreover, the proposed method can be adopted 
to the contents originally created in WCG such as a BT.2020 
color gamut in the future.  
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