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1	Introduction
The goal of the MeCAR Work Item is to define media capabilities of AR devices such as AR glasses. AR glasses in contrast to the smartphones offering AR experiences are equipped with displays allowing the user to see through the screen mounted on the glasses. As a result, ensuring a good user experience across various environment such as indoor, outdoor, days and night is a challenge since the user should be able to see the surrounding world no matter those lighting conditions. At SA4 #121, S4-221576 [2] provided a first study of those challenges.
In this contribution, we provide a further analysis on the matter and provide some insights about those challenges  based on the device characteristics of the MIJIA Glasses Camera released in 2022 [1]. Although not being a MeCAR device, this device faced the same challenges for high brightness as for future AR Glasses-type MeCAR devices.
Based on this analysis, we propose changes to the Permanent Document to reflect our findings.
2	Background on brightness challenges for Augmented Reality glasses
2.1 Problem description
In AR, the user is able to see the surrounding environment augmented with virtual information which is overlaid on top of the surrounding. With smartphone-based AR, the real world is captured by the optical camera and then fed to the AR engine for processing and overlaying the AR content. With AR glasses-based AR (optical see-through), the user sees the surrounding environment through the glasses on top of which the virtual information is overlaid.
In both cases, i.e., smartphone-based AR and AR glasses-based AR, it is important for the user to be able to see the virtual information overlaid on the surround. In addition, it is also desirable for experience that the user perceives the virtual information as having similar range of luminance as the surrounding environment.
As a reminder, here are some key definitions:
Luminance is a photometric measure of the luminous intensity per unit area of light travelling in a given direction.[3]
Brightness is an attribute of visual perception in which a source appears to be radiating or reflecting light. In other words, brightness is the perception elicited by the luminance of a visual target. The perception is not linear to luminance, and relies on the context of the viewing environment (for example, see White's illusion). [4]
This leads to two main questions:
1) (Brightness discrimination) How does the human vision system perceive objects with different luminance levels under different lighting conditions?
2) (Brightness adaptation) What ranges of luminance levels is the human vision system capable of perceiving under a given lighting condition?
2.2	Relevant literature
2.2.1	On Brightness adaptation
From Digital image processing, Gonzales, Rafael C., and Paul Wintz [5].
The range of light intensity levels to which the human visual system can adapt is enormous — on the order of 1010 — from the scotopic threshold to the glare limit. Experimental evidence indicates that subjective brightness (intensity as perceived by the human visual system) is a logarithmic function of the light intensity incident on the eye.
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The long solid curve represents the range of intensities to which the visual system can adapt. In photopic vision alone, the range is about 106.The transition from scotopic to photopic vision is gradual over the approximate range from 0.001 to 0.1 millilambert ( -3 to -1 mL in the log scale), as the double branches of the adaptation curve in this range show.
The essential point in interpreting the impressive dynamic range depicted in Fig. 2.4 is that the visual system cannot operate over such a range simultaneously. Rather, it accomplishes this large variation by changing its overall sensitivity, a phenomenon known as brightness adaptation. The total range of distinct intensity levels the eye can discriminate simultaneously is rather small when compared with the total adaptation range.

From "Brightness perception in complex fields." by Bartleson, C. James, and Edwin J. Breneman [6], adapted by [7].
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According to it, perceived brightness of a complex picture is a function of its luminance (horizontal scale) and surround (ambient) luminance. For given picture luminance, perceived brightness, expectedly, diminishes as the surround luminance increases (vertical plot position), while the rate of change in the perceived brightness with the change of image luminance (i.e. plot slope) increases with the surround luminance. Over the extended range of surround luminance, perceived brightness increases with picture luminance when it is of similar level (green), or consistently higher (orange) than surround luminance. For picture luminance consistently lower than that of the surround (blue), perceived brightness increases with the surround luminance up to a point, after which it nearly stagnates and, possibly, starts decreasing at high surround luminance levels.

2.2.2	On Brightness discrimination 
The ability of the eye to discriminate between changes in light intensity at any specific adaptation level is also of considerable interest.
A small value of ΔI/Ic means that a small percentage change in intensity is discriminable. This represents “good” brightness discrimination. Conversely, a large value of ΔI/Ic means that a large percentage change in intensity is required. This represents “poor” brightness discrimination.
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2.3 Example of the MIJIA Glasses Camera
In order to be used in outdoor conditions, the brightness of the system had to be high enough to be visible by the user as explained in section 2.2.1. For this reason, the glasses support the 3,000 cd/m² (or nits) EX336C display developed by Sony whose specifications are below [8]. 
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However, since the MIJIA Camera glasses uses a reflective surface to display the screen to the user, the perceived luminance is equivalent to about 1,800 nits [1]. As comparison, the brighter smartphones display go up to the intensity of 2,000 nits.
3	Analysis
These literature and device studies show that producing an AR display that can adapt to a wide range of ambient brightness condition is challenging. In high brightness environment, the display has to be able to match the ambient brightness to which the human eye is adapted to in order to be visible. In other words, the AR display needs to be capable of a high peak brightness, higher than usually found on smartphones.
However, the literature search in this contribution is inconclusive regarding the magnitude of the luminance that the human eye is able to perceive under high brightness environments. Studies about the brightness adaptation of the human eye is better studied under indoor conditions, e.g. for HDR viewing setting on TV set. But it is clear that this brightness adaptation cannot be simply extrapolated to other environments. For instance, the literature clearly shows that the human eye sees a lower range of luminance in low lighting conditions as level as a smaller number of luminance levels in that range. Therefore, more study would be needed to understand how the human vision system would behave in high brightness conditions before making conclusions on the appropriate video formats for those environment conditions.
4	Conclusion
We recommend adding clause 2 to the MeCAR Permanent Document and invite more study on the matter.
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EYE RESPONSE AS A FUNCTION OF LUMINANCE - COMPLEX IMAGE
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FIGURE 2.6
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