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Introduction

TR 26.998 [1] has gathered a collection of features and KPIs focusing on AR glasses to guarantee a satisfactory AR experience to the user in clause 4.5.2. Among these, brightness levels far above 100 cd/m2 (candela per square meter) are mentioned. This contribution discusses important considerations when displaying pictures or videos with a high requirement in term of brightness. It presents their potential impact on video codecs as media capabilities.

.

Considerations for high brightness values
Clause 4.5.2 in TR 26.998 [1] mentions “brightness” values of 200 to 500 cd/m2 for indoor experiences and 10K to 100K for full outdoor experiences among the list of KPIs in Table 4.5.2-1. It also references a recent study [2] on state-of-the-art devices published in September 2021. This study references several AR devices, detailing their device capabilities, among which is the brightness of the display. All indicated values are far above 100 cd/m2, which commonly accepted as the value above which the brightness may be considered as high. This is also the case for Nreal light glasses [3], where the technical specifications of the glasses indicate “up to 280 cd/m2 perceived brightness”.

AR optical see-through glasses are therefore expected to display videos with brightness far above the 100 cd/m2 limit, above which we may consider to be in a high brightness environment.

For the sake of illustration, let us consider a simple example of AR glasses operating in an outdoor setting. AR glasses may be required to display a 2D video (either a simple 2D video or, considering a stereoscopic use case, two 2D videos) as an overlay to the real world. Coming into competition with the brightness of the real world, this video will have to be displayed with high brightness values in order to be correctly perceived by the user. Several aspects have to be considered so that the display occurs in good conditions. 


High brightness levels 

The first concern is the brightness transfer function which encodes the different brightness levels. A classical transfer function (e.g., the gamma transfer function) is relevant only to code low brightness values (typically up to 100 cd/m2). If the coded brightness values in the received video are too low, the display may extrapolate the transmitted brightness values. However, if the transfer function is not appropriate, the extrapolation may result in artefacts in the final rendered image.

Hybrid log-gamma (HLG) and Perceptual Quantization (PQ) transfer functions have been proposed for encoding high brightness values (commonly of at least 1000 cd/m2 and classically up to 10k cd/m2). Consequently, a transmitted content which contains information coded with such transfer functions will allow to limit the perceptual alteration of the content and render better results in term of brightness graduation than a content with a classical gamma transfer function.
Colour gradient
The colour gradient handling is another important point of consideration. A high brightness environment makes appear flaws that cannot be seen when the brightness transitions are more narrow. In particular may appear a visual effect called colour banding. This effect makes appear bands of colour, in case for instance in a peak brightness area : the transition in colour is not progessive, seems to occur by steps (i.e., bands). This effect is due to the lack of colour gradient, i.e., a lack of resolution in the coding of colour information. 
A transmitted content with a 10-bit bit depth colour coding or above will help to mitigate or avoid this effect.
Wide Colour Gamut
Still, in a context of high brightness peak, an extended colour gamut allows to render pictures with more shade of colours and less overexposure effects. For example, the Rec. 2020 colour space offers a wider range of colours than Rec. 709. 
Metadata
All the displays may not have the capacity to display high level of brightness or the colours of an extended colour space as Rec. 2020. The display may then recompute these values with the objective to display the image in a manner which as close as possible to the original image in term of visual effects. The objective is the preservation of the creative intent. It is then helpful to carry additional information, metadata, to characterize the frame or the entire video clip. SMPTE has standardized sets of metadata (static in ST2086 “Master Display Colour Volume” and dynamic in ST2094 “ Dynamic Metadata for Color Volume Transform”. Example of this information are the Max Frame Average Luminance Level (value in cd/m2 for the current frame) or the Max Content Luminance Level (value in cd/m2 for the brightest pixel).
Potential impact on video codecs choices
For the reasons described in the preceding section, it may be helpful to deliver additional information to a display which is expected to operate in high brightness environments. This is expected to be the case for AR optical see-through galsses, whatever their display capabilities are. This information includes a high brightness coding, with a 10 bits (or more) color coding, and possibly metadata carrying additional specific information. One possibility to carry this additional information is to use one of the many existing high dynamic range (HDR) formats, e.g., HDR10, PQ10, etc.
The intention here is not to preclude any solution to represent and carry this additional information, neither to preclude how high brightness environment has to be handled from the display perspective. It is to draw up the attention of the advantage for the capability of carrying the additional information mentioned in this document, in particular when recommending a codec profile.
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