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Machine Learning Approaches for OLED Display Color Profiling
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Abstract

This study approaches the method of ensuring higher accuracy by applying artificial neural
network-based machine learning to color profiling of displays. We conduct extensive measurements using a
spectroradiometer based on Samsung Display’s 15-inch OLED display panel, and then define training data
sets for machine learning. The training set is defined based on the tristimulus data XYZ and the color
coordinates Yxy data, and the color difference is obtained based on network learning. The model used in
this study produce on average, lower color difference and higher quality results than the existing model.
Both the average color difference and the maximum color difference are stably lowered, and the quality of
the reproduced color is confirmed through the standard deviation result, and the brightness accuracy and
linearity for each gray level are confirmed through the gamma standard deviation. Regarding the differences
between the deep neural network models, the XYZ-RGB relationship rather than the Yxy-RGB relationship
yield a slightly more advantageous result in approaching the machine learning method.
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[Fig. 1] Deep Neural Network Structure
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L*
100
0.57
1.7
6.49
13.56
20.05
25.97
32.35
37.98
43.43
48.76
53.79
58.83
63.84
68.36
73.21
77.94
82.39
86.81
91.3
95.75
27.711
57.12
69.94
46.32
88.33
90.79
12.69
30.83
57.96
48.01
90.27
94.24
31.14
62.23
80.89
52.48
98.4
98.97
47.74
63.23
39.34
64.75
50.08
69.13
59.26
92.5
65.52
88.98
47.15
77.96

Measured Values

a*
0
0.22
0.22
0.19
-0.09
0.06
-0.22
-0.35
-0.48
-0.55
-0.42
-0.02
-0.23
-0.71
-0.66
-0.37
0.09
0.62
0.02
0.42
-0.28
56.8
94.88
61.92
-64.69
-109.6
-74.62
42.83
71.41
29.34
-41.49
-70.43
-36.22
63.79
106.32
50.86
-10.72
-18.1
-9.98
43.96
-55.14
20.92
-37.73
53.55
-10.48
100.1
-62.94
-22.27
-91.82
88.48
33.38

(18 2]

b*
0
-0.02
-0.02
-0.25
-0.24
-0.35
-0.25
0.08
0.19
0.22
-0.39
-1.01
-1.1
-0.12
-0.52
-0.39
-0.3
-0.8
-0.99
-1.13
-0.12
47.41
99.81
27.67
62.05
104.56
56.23
-70.58
-117.09
-70.65
-11.28
-17.21
-10.1
-38.48
-62.33
-31.18
73.21
123.4
47.02
20.92
41.92
-51.66
-10.04
-32.9
52.41
-16.14
112.37
-58.42
28.84
-88.61
107.99
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AL*oomy
0
0.17
0.11
0.33
0.36
0.22
-0.04
0.27
0.21
0.16
0.17
0.01
0.01
0.07
-0.17
-0.07
0
-0.06
-0.1
-0.04
0.02
0.16
0.82
0.02
0.56
1.1
0.6
0.15
-0.19
-0.89
0.35
0.29
0.02
-0.01
-0.09
-0.33
0.28
0.6
0.29
-0.09
0.53
-0.31
0.33
-0.36
0.38
0.36
0.75
-0.2
0.66
-0.54
0.28
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AC'gom
0
0.33
0.33
0.38
0.27
0.35
0.41
0.52
0.74
0.84
0.73
0.99
1.13
1.04
1.09
0.67
0.33
1.19
0.97
1.26
0.43
0.03
0.18
0.5
0.18
0.45
0.57
0.34
0.27
0.67
0.18
0.43
0.68
0.24
0.14
0.7
0.05
0.24
0.53
-0.05
0.51
0.33
0.52
0.25
0.29
0.1
0.39
0.3
0.58
0.23
0.21

AH'gopy
0
0
-0.01
0.01
0.01
0.01
0.01
0
0
0
0.01
0.02
0.02
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0
-0.04
0.24
-0.69
0.05
0.21
0.34
0
0.05
0.43
0.34
-0.45
-0.29
-0.49
-0.13
0.15
0.12
0.2
-0.21
0.14
0.18
-0.03
-0.25
-0.22
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0.26
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-0.33
-0.42
-0.72
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[Fig. 2] Color Differences of XYZ model
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Measured Values Color distance
L* a* b* y  Al*oow  ACoow  AHgw AEg
100 0 0 0 0 0 0
0 0.06 0 -0.16 0.02 -0.01 0.16
0.98 0.04 0 2.28 -0.31 0.02 -0.01 0.31
5.09 -0.06 -0.14 2.25 -0.52 0.15 -0.06 0.54
12.25 0.6 0.18 2.23 -0.49 0.89 -0.01 1.02
19.19 -0.42 0.62 2.22 -0.37 0.86 0 0.94
25.25 -0.4 -0.11 2.24 -0.57 0.6 0.01 0.82
31.24 0.4 -0.36 2.24 -0.6 0.69 0.02 0.92
36.9 0.18 0.25 2.24 -0.71 0.37 -0.01 0.8
42.78 -0.71 0.31 2.23 -0.43 1.08 0 147
48.16 -0.73 0.38 2.22 -0.43 1.13 0 1.21
53.25 -0.46 0.44 2.23 -0.51 0.81 0 0.96
58.34 -0.65 0.17 2.23 -0.43 0.96 0 1.05
63.31 0.22 0.31 2.23 -0.37 0.44 -0.01 0.58
68.21 -0.06 -0.25 2.23 -0.29 0.26 0.01 0.39
73.08 0.11 -0.15 2.22 -0.16 0.23 0.01 0.28
77.74 -0.18 0.4 2.22 -0.14 0.48 0 0.5
82.24 0.37 -0.1 2.23 -0.16 0.56 -0.01 0.58
86.68 -0.37 0.12 2.25 -0.18 0.56 0 0.59
91.26 0.04 -0.03 2.23 -0.07 0.07 0 0.1
95.72 -0.52 0.51 2.2 0 0.91 0 0.91
26.8 55.52 46.02 -0.52 -0.4 -0.18 0.68
56.57 94.12 97.1 0.32 -0.17 -0.31 0.47
69.38 60.51 28.16 -0.42 0.23 -0.15 0.5
44.28 -62.92 60.74 -1.38 -0.25 -0.05 1.4
856.91  -106.21 102.61 -0.46 -0.04 -0.03 0.47
89.49 -72.29 56.16 -0.21 0.2 -0.13 0.32
11.09 43.41 -70.34 -0.88 0.37 0.4 0.98
30.21 70.6 -115.89 -0.68 0.07 0.01 0.68
58.09 27.39 -68.18 -0.77 -0.02 -0.19 0.79
46.15 -39.86 -11.44 -1.46 -0.34 0.7 1.66
88.86 -67.95 -18.24 -0.6 -0.08 0.34 0.69
93.51 -34.42 -10.1 -0.43 0.03 0.03 0.43
30.32 63.03 -36.93 -0.65 -0.09 -0.1 0.67
61.67 105.58 -61.1 -0.57 -0.05 0.08 0.57
80.6 49.04 -30.03 -0.52 0.11 0.16 0.56
51.34 -9.93 72.57 -0.85 -0.12 -0.27 0.89
97.12 -17.65 122.22 -0.14 0.05 0.07 0.17
98.02 -9.88 45.79 -0.26 0.14 -0.1 0.31
47.08 43.85 21.04 -0.73 -0.07 0.23 0.77
61.8 -53.5 41.46 -0.69 0.13 -0.08 0.7
38.94 21.25 -51.38 -0.65 0.29 0.28 0.7
63.62 -35.99 -10.48 -0.61 -0.06 0.32 0.69
49.82 53.23 -32.36 -0.63 0.11 -0.09 0.64
68.19 -9.94 52.08 -0.35 0.17 -0.06 0.39
58.77 99.39 -16.48 -0.08 0 0.12 0.14
91.03 -61.07 111.61 -0.16 0.16 0.25 0.33
64.67 -21.63 -58.02 -0.9 0.14 0.53 1.08
87.31 -89.47 27.01 -0.41 0.05 0.05 0.41
46.8 87.73 -86.95 -0.88 -0.03 -0.17 0.9
77.19 31.5 107.72 -0.27 0.08 0.15 0.32

[23 3] Yxy 22 X AS MEY MK

[Fig. 3] Color Differences of Yxy model
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Gamma Standard Deviation
0.15
0.03
0.02

Standard Deviation AE00
0.48
0.30
0.34

B
Maximum AFE00
2.18
1.26
1.66

B A}
Average AE00
1.12
0.66
0.65

= "1

o

Model
XYZ
Yxy
C

[Table 1] Color Differences by models
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