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Abstract 
We introduce a quantitative metric to analyze the visually 

perceived differences between colors that are visualized on 
different displays, or that are visualized on the same display but 
using different visualization methods. This metric is validated by 
analyzing perceived visual differences as scored by observers 
using an iPad Air 2 display under different ambient light 
conditions. Our results show that the metric calculations are well 
aligned with the visual data from this experiment. 

We use the new metric to investigate the reproducibility of 
spectroradiometer data from three different displays (iPad Air 2, 
and iPad models from 2017 and 2018). Our results show that 
color visualizations based on these datasets are virtually 
identical for the iPad Air 2 and iPad 2017. For the iPad 2018, 
in circa 10% of the colors a visually noticeable difference occurs 
between visualizations based on the older and on the new 
dataset. We use the same metric to also compare color 
visualizations on these three displays. Our results show that 
color visualizations between iPad 2017 and iPad Air 2 are often 
visually different, with color differences larger than CIEDE2000 
= 4.0 for 50% of the colors. But comparing iPad 2017 with iPad 
2018 the color visualizations are often visually identical. For 
90% of the colors, color differences CIEDE2000 < 2.4. 

Introduction 
In the past decades there has been a strong growth in the 

demand for photorealistic rendering of objects. As an example, 
the rise of eCommerce and online retail for consumers has 
resulted in increasing demands on the accuracy of the digital 
representation of objects, in order to reduce the number of 
products that are returned to the supplier. The default technology 
to calculate digital color representations is by using the device-
independent standard red, green, blue (sRGB) color space [1]. It 
is well-known that when using this method in cross-media color 
reproduction, a visual comparison of the digital representations 
of objects with the corresponding physical objects often shows 
these representations are not accurate.  

The model parameters in sRGB color space were 
determined decades ago, when most displays were based on 
cathode-ray tube (CRT). Current displays are mostly based on 
either Organic LED (OLED) or Liquid Crystal Display (LCD) 
technologies. For displays in e.g. computer monitors and laptops 
color management systems including ICC profiles can be used to 
further optimize color representations on specific devices. For 
mobile displays such color management systems may be part of 
the operating system but they are not accessible to the user or to 
third party software. Modern mobile displays show widely 
varying color properties, and the color management system that 
is hidden to the user may not always result in sufficiently 
accurate color representations for certain tasks. In order to enable 
the user to create a device-dependent visualization method that 
results in more accurate color visualization than what is obtained 
by the standard visualization provided (sRGB color space and 

the manufacturer’s color management system) we introduced the 
Mobile Display Characterization and Illumination Model 
(MDCIM) [2][3]. We showed that it results in better color 
accuracy in cross-media color reproduction both on a 
representative LCD [2] as well as on an OLED display [3]. The 
MDCIM model not only accounts for the technical specifications 
of displays, but also the influence of ambient lighting. 

Here we present results for applying the MDCIM model on 
three different types of LCD display. We propose a quantitative 
method to analyze the differences in digital color representations 
for these three display models, and correlate the results of this 
analysis with the results from a visual assessment of the color 
accuracy of the cross-media color representations. 

Parameters in the MDCIM model 
Similar to the definitions of sRGB color space, in the 

MDCIM model the relation between tristimulus values X, Y, Z 
(which in turn are linked to colorimetric parameters such as 
CIELab) and the values of the luminance YR, YG and YB of the 
red, green and blue channel of the display follows the GOG-
model from Berns [4][5]: 
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Table 1: Spectroradiometer data relevant for MDCIM model 
parameters for three displays, compared to parameters 
implicitly assumed when using default sRGB color space. 

sRGB iPad 
Air 2 
v1 

iPad 
(2017) 

v1 

iPad 
(2018) 

v1 
x Red 0.64 0.6421 0.6424 0.6395 
y Red 0.33 0.3264 0.3293 0.3303 

Ymax Red 21.26 80.89 101.6 93.82 
x Green 0.30 0.3071 0.3031 0.3052 
y Green 0.60 0.6079 0.6012 0.6029 

Ymax Green 71.52 307.2 359.73 321.08 
x Blue 0.15 0.1527 0.1567 0.1527 
y Blue 0.06 0.0489 0.0607 0.0607 

Ymax Blue 7.22 27.18 39.04 35.17 
x Black 0.0 0.2458 0.2439 0.2647 
y Black 0.0 0.2085 0.2078 0.2582 
Y Black 0.0 0.3647 0.48 0.51 

Table 2: Best-fit values for MDCIM model parameters for 
three displays, compared to default sRGB color space.  

sRGB iPad 
Air 2 
v1 

iPad 
(2017) 

v1 

iPad 
(2018) 

v1 
Red channel 

 2.4 2.35 2.27 2.28 
d0 0.04045 0.007843 0.007843 0.003922 
k1 0.947867 0.989523 0.990137 0.995005 
k2 0.055 0.010477 0.009863 0.004995 

 0.077399 0.010443 0.013317 0.005380 
Green channel 

 2.4 2.35 2.27 2.28 
d0 0.04045 0.007843 0.007843 0.003922 
k1 0.947867 0.989523 0.990137 0.995005 
k2 0.055 0.010477 0.009863 0.004995 

 0.077399 0.010443 0.013317 0.005380 
Blue channel 

 2.4 2.35 2.47 2.33 
d0 0.04045 0.007843 0.007843 0.003922 
k1 0.947867 0.989523 0.988602 0.994811 
k2 0.055 0.010477 0.011398 0.005189 

 0.077399 0.010443 0.007287 0.004467 
x y
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Table 3: Preference for visualization by display-specific 
MDCIM method versus device-independent sRGB color 
space for the iPad Air 2 display. Rows indicate level of 
ambient lighting.  

Preference for MDCIM model over 
sRGB color space 

Predicted by 
new metric 

Found 
experimentally [2] 

600 lux 95% 98% 
1000 lux 68% 50% 
1500 lux 70% 66% 
3000 lux 100% 87% 

Reproducibility on three displays 
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Table 4: Repeated measurements compared to Table 1. 
sRGB iPad 

Air 2 
v2 

iPad 
(2017) 

v2 

iPad 
(2018) 

v2 
x Red 0.64 0.6428 0.6405 0.6403 
y Red 0.33 0.3317 0.3295 0.3317 

Ymax Red 21.26 83.84 102.62 115.33 
x Green 0.30 0.2995 0.3009 0.2992 
y Green 0.60 0.5987 0.6013 0.6029 

Ymax Green 71.52 297.35 361.18 394.31 
x Blue 0.15 0.1528 0.1569 0.1519 
y Blue 0.06 0.0615 0.0606 0.0579 

Ymax Blue 7.22 37.76 39.67 41.02 
x Black 0.0 0.2549 0.2501 0.2571 
y Black 0.0 0.2268 0.2085 0.2447 
Y Black 0.0 0.45 0.48 0.57 

Table 5: Best-fit values for MDCIM model parameters based 
on repeated measurements compared to Table 2.  

sRGB iPad 
Air 2 
v2 

iPad 
(2017) 

v2 

iPad 
(2018) 

v2 
Red channel 

 2.4 2.34 2.26 2.31 
d0 0.04045 0.007843 0.007843 0.003922 
k1 0.947867 0.989572 0.990196 0.994907 
k2 0.055 0.010428 0.009804 0.005093 

 0.077399 0.010648 0.013629 0.004896 
Green channel 

 2.4 2.34 2.31 2.32 
d0 0.04045 0.007843 0.007843 0.003922 
k1 0.947867 0.989572 0.989841 0.994831 
k2 0.055 0.010428 0.010159 0.005169 

 0.077399 0.010648 0.011839 0.004553 
Blue channel 

 2.4 2.34 2.49 2.38 
d0 0.04045 0.007843 0.007843 0.003922 
k1 0.947867 0.989572 0.988451 0.994598 
k2 0.055 0.010428 0.011549 0.005402 

 0.077399 0.010648 0.006872 0.003646 

Eab

Quantifying differences between displays 
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Conclusions 
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