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This study investigates color inconsistency on e-commerce platforms using the
ColorChecker SG chart and simulated viewing conditions across two distinct
displays. Product images were captured with a smartphone camera under
standardized D65 illumination and displayed on a consumer-grade Samsung
SyncMaster P20500 monitor and a professional-grade EIZO CG243W monitor. Color
differences between the physical reference samples and their on-screen
representations were measured using a spectrophotometer and quantified using the
CIEDE2000 (4E2000) formula. The results showed that the average color difference
could reach up to 8 units. This value clearly exceeds the human perceptual threshold
and may lead to customer dissatisfaction. Even after accounting for camera-related
errors, significant discrepancies persisted, particularly for saturated and dark hues.
The EIZO monitor demonstrated superior color reproduction due to its factory
calibration, wider color gamut, and higher color fidelity.
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4. Raw image format (RAW)

5. White balance

6. The International Color Consortium (ICC)
7. Color gamut
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Figure 1: ColorChecker Classic 24 Patch.
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Table 1: Tools used in this research.

spectrophotometer il (Eye-
One) Pro

* Panel: H-IPS

*Resolution: 1920x1200 pixels
*Brightness: 300 cd/m?, constant contrast 850:1
+Color coverage: 97 % Adobe RGB and 100% sRGB

E1ZO CG243W monitor
«Screen size: 24.1 inches

Measurement geometry: 45°/0°

L*a*b* values as the
ground-truth reference

Accurate physical
reference for comparison

L*a*b* values extracted
from the image

Accurate color display
simulation

* Viewing angle: 178° horizontal / 178° vertical

* Panel: TN+film

*Resolution: 1600x900 pixels
*Brightness: 300 cd/m2, constant contrast 1000:1

Samsung SyncMaster
P20500 monitor «Color space: SRGB

*Screen size: 20 inches

Evaluation of common
consumer-grade color
display

L*a*b* values from the
second display

* Viewing angle: 160° horizontal / 140° vertical
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Table 2: Color data for the 24-patch Classic color chart samples and the values obtained from displaying these samples on the monitors.

a* b* L a* b* L” a* b*

Reading
1

2

10
11
12
13

14

AYA-14Y P(1EE) 11 /55) 69U 9 pgle (ole &g uiss

L*
40.68
68.25
52.29
45.29
58.98
74.12
65.51
42.45
54.43
33.29
75.55
75.06
34.19

58.01

13.66
20.50
-5.40
-12.60
8.13
-34.24
37.10
9.49
49.44
21.73
-22.56
20.26
9.18

-38.45

14.82

18.37

-22.46

23.16

-24.41

0.15

59.12

-43.99

16.93

-19.72

58.04

69.35

-48.47

32.29

41.87

82.65

66.47

41.97

73.53

87.28

67.68

47.64

60.54

22.17

82.32

75.30

31.69

54.22

29.87

29.92

-13.74

-21.98

7.69

-61.12

74.67

14.32

86.68

24.78

-32.91

44.07

23.52

-71.80

19.23

27.29

-39.10

35.09

-37.46

0.34

85.30

-68.29

33.30

-30.99

83.89

86.63

-70.07

51.18

38.28

76.73

69.04

38.98

69.29

85.11

60.75

46.50

53.18

19.33

75.56

67.26

30.36

48.52

17.80

24.68

-8.74

-13.77

9:38

-35.62

56.62

18.83

63.42

18.89

-22.26

34.73

20.78

-37.97

13.91

24.88

-38.96

30.47

-47.90

1.45

76.01

-70.20

27.50

-29.86

74.81

76.24

-63.14

45.05
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Table 2: Continue.

a* b" L* a* b* L a’ b”

Reading L*
15 45.22 52.14  29.02 40.04 69.87 4643 31.75 48.65 35.60
16 86.14 4.09 83.06 83.46 17.02 90.03 7571 1511 80.11
17 54.50 52.19 -13.26 53.65 7548 -24.60 46.20 52.83 -26.83

18 5357 -29.59 -28.10 56.63 -4431 -3369 5156 -17.61 -32.73

19 100.96  -0.69 4.08 97.46 0.33 235 9476  2.06 -5.96

20 8515 -0.96 0.60 88.94 -1.18 039 8275 134 -6.77

21 69.93  -0.98 0.48 73.08 -3.26 1.07 6554 -046 -1.44

22 5317 -0.634 0.09 4426302 -2.36 1.03 3916 -0.83 -0.36

23 38.72 -0.70 -0.63 20.81 -0.33 -455 1812 0.2 -4.77

24 22.98 -0.01 -0.50 5.26 -0.35 -4.48 3.61 1.60 -3.81
18 . ‘ .
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Figure 4: The color difference values obtained between the color data
extracted from images on EI1ZO and Samsung displays and the data
measured by the spectrophotometer.
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Table 4: Calculated color gamut volume for the reference samples
and the images displayed on EIZO and Samsung monitors.

Chart Classic 2.355
monitor EIZO 6.792
monitor Samsung 4.041
1. The convex hull volume
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Table 3: Statistical analysis of color differences between the data
extracted from images displayed on EIZO and Samsung monitors, as
well as the data measured by the spectrophotometer.

Statistical AE 2000 AE 000 AE*ab L\E*ab
Index Samsung EIZO Samsung EIZO

Mean 9.25 9.02 16.05 21.47
Standard
Deviation 3.65 3.44 6.07 10.78
Maximum 16.11 15.21 28.12 45.83
Minimum 4.03 2.47 4.82 3.80
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Figure 5: Color gamuts obtained for the reference samples and the images displayed on EIZO and Samsung monitors.
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Figure 6: Magnitude and direction of color differences between images
displayed on EI1ZO and Samsung monitors and the corresponding real samples.

1. Color profile
2. Luther condition
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Table 5: Expected Adobe RGB and sSRGB color values for the chart and the corresponding values captured by the camera.

Expected values in SRGB color
space

Expected values in Adobe RGB
color space

Values obtained from the camera

e | R | o | o ] o~ | o | o ] = | o | & |
1 168 145 133 114 88 74 130 82 70

2 253 211 186 194
3 157 200 242 106
4 135 158 76 101
5 196 200 251 138
6 167 246 225 137
7 254 150 15 211
8 119 164 255 83
9 255 112 145 184
10 115 86 165 92
11 218 235 9 176
12 255 184 8 223
13 73 117 236 57
14 113 213 55 106
15 228 70 71 163
16 255 220 9 241
17 242 119 223 179
18 69 211 235 67
19 251 248 241 255
20 233 232 230 211

151 134 248 185 154
128 160 116 166 228
112 71 86 105 41
137 182 166 175 247
198 180 133 243 213
129 58 255 107 10
97 170 74 107 226
90 103 240 71 95
68 108 63 44 98
195 81 187 216 6
168 60 249 155 6
80 155 38 67 184
155 85 61 149 29
62 65 162 33 32
209 56 247 195 7
89 152 193 70 169
142 173 30 150 189
255 250 249 247 242
212 210 220 222 220
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Table 5: Continue.

- Expected values in SRGB color Expected values in Adobe RGB vValues obtained from the camera
space color space

I N R N N R B B
4 212 209 168 170 169 174 178 174

21.
22 166 164 161 125 126 126 101 104 101
23 98 98 100 91 92 92 50 52 57
24 49 50 52 57 58 58 19 21 25

Oeyed 1 BA b ioled ambs o polie cpl Gioled jledel cws 4y polie 5 Classic b Y ) ol sladises K5y slasols i Jguo

Table 6: Color data of the 24-patch Classic color chart samples and the corresponding values obtained when displaying these samples on the screen,
excluding the camera effect.

Reference data monitor EIZO monitor Samsung

R S S S O B
1

40.68 13.66 14.82 41.19 15.42 15.14 1.38 12.09 12.57 1.87
2 68.25 20.50 18.37 68.33 22.96 18.24 1.57 67.05 20.98 14.26 3.06
3 52.29 -5.40 -22.46 53.42 -7.37 -20.77 2.17 52.78 -4.24 -23.95 121
4 45.29 -12.60 23.16 46.2 -13.52 23.22 1.07 46.02 -11.81 20.69 1.43
5 58.98 8.13 -24.41 59.58 8.07 -23.73 0.67 58.67 8.35 -27.85 2.04
6 74.12 -34.24 0.15 75.24 -36.83 0.72 134 72.84 -29.46 -4.69 4.09
7 65.51 37.10 59.12 65.12 42.68 59.49 2.78 64.52 35.9 58.23 0.95
8 42.45 9.49 -43.99 43.13 8.08 -43.07 0.9 43.81 8.25 -44.04 1.54
9 54.43 49.44 16.93 53.6 55.65 16.43 2.25 54.24 46.41 13.86 1.65
10 33.29 21.73 -19.72 33.72 22.55 -19.18 0.75 34.56 20.93 -21.41 1.66
11 75.55 -22.56 58.04 76.24 -23.07 56.66 0.79 73.68 -19.77 54.05 1.99
12 75.06 20.26 69.35 75 23.51 68.59 2.04 73.51 21.72 68.85 1.49
13 34.19 9.18 -48.47 35.23 6.38 -47.01 1.66 35.53 6.52 -48.56 2.16
14 58.01 -38.45 32.29 59.46 -41.17 31.95 171 56.83 -34.43 26.95 2.49
15 45.22 52.14 29.02 4431 59.74 28.24 2.99 44.68 50.14 27.27 0.94
16 86.14 4.09 83.06 86.22 6.17 81.29 13 83.89 7.06 84.17 2.23
17 54.50 52.19 -13.26 53.75 57.85 -14.28 1.78 54.44 48.66 -14.29 13
18 53.57 -29.59 -28.10 55.11 -34.17 -26.31 2.84 53.7 -21.61 -30.51 4.24
19 100.96 -0.69 4.08 99.89 -0.59 2.2 1.77 99.71 0.58 -1.26 5.42
20 85.15 -0.96 0.60 85.68 -0.54 1.01 0.8 83.09 1.46 -5.01 6.21
21 69.93 -0.98 0.48 70.56 -1.29 0.61 0.66 68.42 0.34 -3.52 4.36
22 53.17 -0.63 0.09 53.82 -0.86 0.22 0.72 52.91 0.16 -2.92 3.07
23 38.72 -0.70 -0.63 39.69 -0.93 0.21 1.22 39.7 -0.72 -2.98 2.32
24 22.98 -0.01 -0.50 24.28 -1.25 -0.07 2.05 23.22 -0.43 -2.9 2.3
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Table 7: Statistical analysis of color differences between display-extracted image data (E1ZO & Samsung) and spectrophotometer measurements
. excluding the camera effect

L. AE2000 * *
Statistical Index AE2000 (EI1ZO) AE ab (Samsung) AE"a (E1ZO)
25 2.8

Mean 1.55 3.88

Standard

Deviation 1.40 0.71 1.82 1.95
Maximum 6.21 2.99 8.34 7.69
Minimum 0.94 0.72 1.81 0.7

Sg iSOl 10 K kel g S8 g oSl A Jgus
Table 8: Strategies for improving color accuracy and consistency in E-commerce.
Practice Main benefit Recommended reference Implementation

Use professional displays with Increased accuracy in color

Calibrate and profile the

1 color-calibration tools such as reproduction during visual 1SO 12646; 1SO 14861 -
. : display
X-Rite content production
Use a standard light source (D65), Reduce lighting error and T
2 neutral background, and fixed improve color reproduction 1SO 3664:2009 SERLEIEIRE [} &1

camera angle/distance ShETTY EOTe TS

accuracy
ICC Profile Specifications
(International Color

Consortium)

Implement a color
management system
(CMS)

Use ICC color profiles in camera,
software, and display

Maintain color consistency
from capture to display

Use machine-learning algorithms
4 to reconstruct the real-world
appearance of skin or fabric

More accurate and realistic

color prediction for products e EEAE 0 T L
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Table 8: Continue.

reference

Provide explicit notes about possible ISO/TR 16066:2003:

Increase customer trust and
color differences between the image

Transparent customer

and real life reduce returns 1SO 21041 notifications
Place a standard color chart (e.g., Enable more accurate color Include a color chart in
6 ColorChecker) next to the product comparison by the user or the 1SO 17321-1:2012 roduct imades
during photography algorithm P g

Provide images of the product under
7 different lighting (daylight, tungsten,
LED)

Help customers better
understand the product’s real
appearance

CIE 15:2018
(Colorimetry)

Show product under
multiple light sources

Offer virtual try-on so users can view

8 the product on their body or in their

space

Embed color-profile (ICC) information

in image files or use RAW images

Provide hands-on training about
10 lighting, white balance, calibration,
and color management
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