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range contents. As a result, only the higher (positive) contrast will 
be remained visible at the end of the transition because the rest of 
the lower contrast contents fall below viewer’s contrast threshold. 

Note that since the normal vision human’s contrast sensitivity 
(1/WCThreshold), which is the lowest contrast threshold that a 
subject can see, is between 1.73 and 1.99 in log scale [9], the 
corresponding contrast threshold can be drawn on the plots 
(marked in Fig. 3 as black horizontal line). Any target with 
contrast (including the impact of ambient light) below the 
threshold line will not be visible to the viewer. 

Fig. 3 also indicates that more dramatic contrast reduction will 
happened with see-through display (Fig. 3a & b) than opaque 
displays (Fig. 3a & b) in bright ambient conditions. For example, 
wider range of positive contrast contents on opaque display (Fig. 
3d) will be maintained its visibility throughout the ambient light 
transition than the same contrast contents on see-through display 
(Fig. 3e).  

In addition, if we consider an image composed of both contrast 
polarities letters (Fig. 3c & f), it is expected that even for letters of 
the same contrast, those negative polarity letters disappear first 
(becomes lower than contrast threshold), as ambient light 
increases. These results on the mixed polarity are particularly 
important as it suggests an effective way to compensate for the 
ambient light. With increase ambient light, what we want to do is 
reducing the mean luminance and stretching the dynamic range of 
higher pixel values (corresponding to higher pixel luminance 
range), and compress the dynamic range of the lower pixel values 
(corresponding to lower luminance values). Although it might be 
somewhat unintuitive, such change will maintain more of distinct 
contrast pixel values above threshold, which is more crucial for 
viewers. 

Although the Fig. 3 shows the Weber contrast responses to target 
brightness changes for each condition as continuous lines, in 
modern display technology, the target luminance is usually 
quantized to 8bit pixel values for multiple color channels (e.g. red, 
green, blue, and alpha). Therefore, the contrast plots for a digital 
display will be limited to 256 distinct target brightness levels, and 
the range of visible pixels can be decided by computing each pixel 
value’s Weber contrast and applying human vision’s contrast 
threshold, which is also measured in Weber contrast definition.  

3. Discussion  
Based on the observations of the Weber contrast responses to the 
target luminance differences, and normal human vision’s contrast 
threshold (as shown in Fig. 3), we can now define a display’s 
realistic contrast displaying performance by assuming that the 
stimulus to be shown on the display covers all the combination of 
pixel value levels (range from 0 to 255).  

For given ambient light conditions (e.g. dark, indoor, and 
outdoor), the contrast performance of display can be computed in 
terms of how many pixel value combinations are visible to a 
viewer, as follows: 1) Measure the luminance of each pixel value 
and ambient luminance as explained above. 2) Compute the 
Weber contrast for each pixel value with respect to a background 
level. 3) Compute the number of pixel values that survives after 
applying the human contrast threshold. 4) Repeat the process 2) - 
3) for all possible background pixel values (0-255). Finally, 
compute the average ratio of survived number of pixel values over 
all background conditions.  

This metric measures the dynamic range of visible contrasts that a 
display can generate under varying viewing conditions. Note that 

this matric depends not only on a display’s ability to generate a 
brightest or darkest pixel, but also on the display specific mapping 
of pixel value to luminance range (Gamma function [10]).  

4. Impact 
The new metric based on the (modified) Weber contrast definition 
and normal vision viewer’s contrast sensitivity leads to more 
realistic performance measure of a display in real-world viewing 
conditions where the ambient light level changes substantially.  

With the resent increase of interests on mobile and wearable 
devices, and HMD / HUD, this metric provides a perceptually 
relevant tool to measure the general display performance over 
varying viewing conditions so that those display devices can be 
optimized for viewer.  

For example, this metric can be implemented as a basic logic for 
adjusting auto brightness control of a mobile display (either see-
through or opaque display) that needs to optimize battery usage 
while keeping the best available contrast visibility for various 
viewing conditions, or used as a tool for designing new gamma 
functions for particular viewing condition, such that the display’s 
limited dynamic range is fully utilized.  
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