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Introduction
High Dynamic Range (HDR) video, in combination with a Wide Colour Gamut (WCG), allows for video that looks sharper and more life-like, and can convey more saturated colours compared to conventional Standard Dynamic Range (SDR) video. The HEVC Main 10 profile coding format is ideally suited for carrying HDR/WCG video for consumer applications. This white paper discusses the benefits of HDR/WCG and adoptions and deployments of the technology based on HEVC.
Background
Recently, there has been a tremendous increase in video quality. The switch to digital itself has given a great boost to quality, eliminating the analog artefacts of the TV broadcast system. This was followed by an increase in resolution, first to high definition (HD) TV, and most recently to ultra-high definition (UHD). 
Whereas increased resolution has the effect of increasing the number of pixels, the aim of high dynamic range (HDR) video is to increase the fidelity of the individual pixels. In particular, the brightness of the brightest representable pixel is increased and, at the same time, the darkest representable pixel is made darker. This allows for an increase in contrast. In addition, the use of a colour space with a larger gamut, so called “wide colour gamut” (WCG), allows the representation of more saturated colours. Together, HDR and WCG provide a substantial quality improvement for the end user. As we will see in this document, HEVC [1] is ideally suited for compressing HDR/WCG data for consumer applications.
Benefits provided by HDR
Traditional TVs and computer monitors were originally designed for intensities between 0.1 and 100 candelas per meter squared (cd/m2). This is what we will refer to as “standard dynamic range” (SDR) in this white paper. In the real world, ranges can be much wider; a sunlit cloud can have a luminance of 100,000 cd/m2, whereas a night sky may have a luminance of only 0.0001 cd/m2 [2]. HDR video can represent a larger part of this variation compared to SDR video. Combined with a TV that can reproduce darker and brighter values than conventional TVs, the result is an image that can look more life-like in a number of ways:
1. The image may look sharper even when the resolution has not changed. The eye perceives sharpness as a combination of resolution and contrast. Thus, when the contrast increases, perceived sharpness increases. Hence both HD and 4k video can be enhanced by HDR with good result. 
2. Shiny materials can look more life-like. Many objects contain specular highlights that, although small, may affect the look considerably since they are so much brighter than their surroundings. HDR video makes it possible to represent such highlights with higher fidelity, increasing realism for materials such as water and metal. 
3. There may be a perceived increase of detail in shadows. In SDR video, dark regions can look uniform and flat, whereas the same scene in HDR video can reveal that there is detail in the shadows.
4. The combination of HDR and WCG also allows for more saturated colours. This is especially true for bright objects, such as a sky, for which there was previously a need to map them towards white in order to get the desired brightness. HDR and WGC allow for colours that are both bright and simultaneously saturated.
Technology and key features
MPEG has a long history of developing successful standards. One of the latest produced standards is HEVC, which represents the state of the art in video compression. Unlike previous standards, the first version of HEVC included support for both 8 and 10 bit sample precision. 10 bit precision was anticipated to provide WCG support required by early UHD systems based on the BT.2020 specification [7]. Therefore, HEVC consumer implementations embraced 10 bit precision already from the start. 10 bit precision is also an important requirement for HDR consumer applications.
In particular, as mentioned earlier, a traditional SDR signal is intended for a display brightness range of 0.1 to 100 cd/m2. Stretching the brightness to display video on an HDR screen that is capable of displaying a brightness range of 0.0005 to 1,000 cd/m2 may not look good. The result may look too bright and can have disturbing banding artefacts due to the 8-bit precision that is commonly used with SDR signals, as illustrated in Figure 1.
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Figure 1: Banding artefacts (in the sky) in the image to the right, due to precision. Left, high precision. Right, lower precision. 
The solution is to use a signal representation that is dedicated for HDR content. This way the maximum brightness can be reserved for effects such as specular highlights rather than just an average brightness increase. Furthermore, by using 10-bit accuracy, it is possible to avoid the banding artefacts.
Typically, video systems use a nonlinear function called a transfer function to convert code levels to brightness. For SDR sequences this transfer function is a power-law gamma function. In order to get the full use of the extra accuracy, it is necessary to use a different transfer function. HEVC allows for the signalling of two new such transfer functions, the Perceptual Quantizer (PQ) and Hybrid Log Gamma (HLG). What they have in common is that they distribute the code levels to where they are perceptually more useful for HDR video and within the limitations of the 10-bit precision. This is not possible with a traditional gamma transfer function like what is used for SDR video, even if 10-bit precision were to be used. Using a traditional gamma transfer function on HDR video would require the use of 12 bits or more to properly represent the signal with limited if any banding artefacts. Such precision is unfortunately not currently possible or practical for most consumer applications. Both the PQ and HLG transfer functions along with 10-bit precision are supported by HEVC and its Main 10 profile. 
HEVC can also signal the use of a wide colour gamut (WCG) through the use of BT.2100 colour primaries. In a traditional SDR system, a pure red pixel  will still not be completely saturated visually. When WCG is used, a purely red pixel is defined to be much closer to monochromatic red, i.e., closer to fully saturated. Therefore, it is possible to produce more vibrant colours than it is possible for traditional SDR systems.
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Figure 2: The wide color gamut of BT.2100 (larger triangle) used with HDR covers a considerably larger part of the visible set of colors (the entire horseshoe) than BT.709 (smaller triangle) that is used for traditional video.
An example is given in Figure 2, where the horseshoe diagram represents all the colors that can theoretically be perceived by the human visual system. Around the edge of the horseshoe we have monochromatic light. Traditional SDR video systems can only represent the colors in the smaller triangle marked BT.709 [6], whereas HDR/WCG video can represent the colors in the larger triangle marked BT.2100 [8].
Given its high compression efficiency, good support for 10-bit accuracy in deployed silicon, HDR-capable transfer functions and WCG colours, HEVC is an ideal carrier of HDR/WCG data. 
The feasibility of using the HEVC standard and its Main 10 profile for consumer HDR/WCG applications was shown in [3]. That report documents several subjective tests that were performed using the HEVC Main10 profile and the BT.2100 PQ representation to encode several examples of HDR material at a variety of bit rates and up to transparent quality. The conclusion of that report was that the HEVC Main 10 profile was indeed capable of encoding HDR/WCG material with high quality at bit rates of interest to the industry without the need of any further modifications to the HEVC standard. Guidance on how to convert HDR material for such compression using HEVC and the PQ transfer function is given in [4], and guidance for using HEVC with the HLG transfer function is given in [5].
Adoptions and deployment
The combination of HEVC encoding, 10-bit accuracy, BT.2100 colour primaries, and the PQ transfer function is often referred to as PQ10. Likewise, HEVC encoding, 10-bit accuracy, BT.2100 colour primaries, and the HLG transfer function is often referred to as HLG10. PQ10 and HLG10 have been adopted and deployed by a large number of standardization bodies. These include:
· ETSI/DVB Technical Specification 101 154, version 2.3.1 of February 2017, which has adopted HEVC for UHD Phase 2, including 10-bit HDR using either the PQ10 or HLG10 colour representation schemes.
· BD ROM Version 3.0 for Blu-ray Discs (per White Paper publication, section 2.2.3.3, July 2015) supports primary video streams in HEVC Main 10 Profile Level 5.1 up to 100 Mbps, resolution HD or 4K, frame rates 24–60 Hz. For HDR, it supports PQ10 also known as “HDR10”.
· Ultra HD Forum “UHD Phase A Content Parameters” (initial release 1.1 released to the public July 2016, latest release 1.3 April 2017) specify 10-bit HEVC (exclusively) and include HDR support using either the PQ10 or HLG10 colour representation schemes.
· In 3GPP, an HDR video profile, based on the Perceptual Quantizer (PQ) and following the recommendations in ITU-R BT.2100, was added to the set of TV video profiles of 3GPP TS 26.116. This includes the use of HEVC for compression, the definition of transfer functions and colour primaries, the definition of relevant metadata, as well as the integration into PSS (Packet Switch Streaming) and MBMS (Multimedia Broadcast and Multicast Service).
· ATSC 3.0 supports HDR using either PQ10 or HLG10.
Apart from adoptions from standardization bodies, there have been many commercial deployments that are directly using the HEVC standard for HDR/WCG delivery, capture, and playback. These include leading streaming services and major cellphone and TV manufacturers. Essentially all televisions that are sold in the market today as being HDR-capable have 10-bit HEVC decoders built in.
Resources
The work on HEVC has been carried out by JCT-VC which is a joint group between ISO/IEC JTC 1/SC 29/WG 11 (MPEG) and ITU-T Study Group 16 (VCEG). The documents produced by JCT‑VC are publicly available from http://phenix.it-sudparis.eu/jct/, and the HM reference software repository is available at http://hevc.hhi.fraunhofer.de/.
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