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Abstract In order to analyze the accuracies of the color measurement for pillars pattern of holographic paper with
different spectrophotometers, the X-Rite 7000A integrating sphere, X-Rite MA68 || multi-angle and X-Rite Spectro
Eye45/0 three different instruments with different geometries are selected to measure the positions of along and
perpendicular to the pillars. The data analysis indicates that the X-Rite 7000A with the large area view and specular
component includes mode shows the smaller spectral mean square error on different positions. The chromaticity
values of holographic paper along the pillars measured by X-Rite 7000A are similar while perpendicular to the pillars
the chromaticity values fit a good linear relationship. It is found that the chromaticity values are very similar with the
same position by rotating 180° and the graving direction of the grating can be deduced by the chromaticity values from
different positions perpendicular to the pillars.
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Fig. 1 Light path of reflective grating (hologram)
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Fig. 2 Appearance of the pillars of light pattern
holographic paper

A B C D E X
e I G T 4
| = o T S B
oY === @ ................................
Y . I M WA S——
Y e e L T et
e
| ====== %-@ --------------------------------
8F--------Te-me-- %—} ————————————————————————————————
Q| [rremnt S g e e e i A i e R i
TH)| i i i i i il i
1 AR T R T

B3 OGA:GF S 4R b A [a) I 57 5 Ak O Bl 2%

Fig. 3 Grating at different positions of the
holographic paper
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Fig. 4 Grating of the holographic paper at the position of perpendicular to the pillars (y direction)
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Fig. 6 Reflective/diffractive spectral energy from the position along and perpendicular to the pillars of holographic paper
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Table 1 Spectral mean square error of the three spectrophotometers along the pillars of the rainbow (x direction,

5 positions per row)

7000A MAG68 | Spectro Eye
Row LAV-IN LAV-EX SAV-IN SAV-EX 15° 25° 45° 75° 110° 45°/0°
1 0.21 0. 60 0. 27 0. 84 8. 26 12.57 1. 88 0. 39 0. 20 7.68
2 0.27 1. 07 0.49 1. 31 15.48 66.69 52. 44 8.92 1.43 16. 83
3 0. 33 1.22 0. 50 1.97 12. 61 67.77 52. 64 16. 28 5. 10 9.72
4 0.33 1. 20 0. 46 1.74 8.69 70. 21 45.19 15. 54 4. 36 3.52
5 0.21 1.09 0.21 1.03 12. 21 88.05 34.59 11. 60 2.37 10. 55
6 0.13 0.92 0.22 0.90 5.29 22.04 3.61 0. 34 0.13 16. 98
7 0. 10 0.72 0.18 0.75 2.29 1.04 0.37 0.08 0.12 10. 85
8 0.11 0. 66 0.29 0. 83 4.17 1.41 0. 36 0.15 0.15 11. 43
9 0.12 0. 95 0. 31 1.11 5.81 2.01 0. 46 0.18 0.12 11. 09
10 0.16 1. 25 0. 28 1. 10 5.52 2.79 0.08 0.19 0.13 10. 80
11 0.21 1.32 0.41 1.02 7.18 9.93 2.39 0. 47 0.17 23.85
Mean 0. 20 1. 00 0. 33 1. 14 7.96 31.32 17. 64 4.92 1. 30 12.12
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Table 2 Spectral mean square error of the three spectrophotometers perpendicular to the pillars of the rainbow (y direction,

11 positions per column)

7000A MAG68 ] Spectro Eye
Column LAV-IN LAV-EX SAV-IN SAV-EX 15° 25° 45° 75° 110° 45°/0°
A 1.01 0. 96 1. 25 1.61 15. 86 119. 62 61.88 21.49 6. 47 20. 96
B 1.09 1. 20 1.13 1. 20 19. 44 94.52 51.87 15. 97 4. 30 23.49
C 1.21 0. 85 1.33 1.27 15. 89 104. 07 73.46 20. 87 5.96 20. 47
D 1. 19 1.03 1.45 1.56 18. 50 105. 90 63.57 17. 25 4.67 23.24
E 1.31 1.08 1. 54 1. 80 20. 28 134.78 53.39 18. 05 4.47 28.74
Mean 1. 16 1.02 1. 34 1.49 18.00 111.78 60. 84 18.73 5.18 23.38
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Fig. 8 Reflective/diffractive spectral energy from the position along andperpendicular to the pillars of

holographic paper
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Table 3 Comparisons of chromaticity values and color differences of the same position with different orientations

X-Rite 7000A

C-2 Ly, ar biy AE, AE, C-6 Ly ar b1y AE,, AE,,
0° 90. 26 —0.11 —1 0.22 0.19 0° 89.6 —0.33 —0.67 0.38 0.43
45° 90. 17 0.42 —2.1 1.33 1.42 45° 89.75 —0.66 0. 26 1.28 1.41
90° 89. 96 —0.43 —1.06 0.29 0. 36 90° 89. 95 —0.02 —0.85 0.17 0.14
135° 90. 06 —0.72 0.11 1.16 1.28 135° 89. 85 0.61 —2.05 1. 36 1.48
180° 90. 13 —0.15 —0.74 0.2 0.2 180° 89.65 —0.3 —0.81 0.27 0.34
225° 90. 12 0.37 —2.01 1.22 1.31 225° 89. 74 —0.55 0.17 1.15 1.24
270° 89.93 —0.29 —0.88 0.18 0.17 270° 89. 99 0.13 —1.18 0.42 0.44
315° 89.97 —0.68 0.24 1.27 1. 36 315° 89. 83 0.42 —1.93 1.16 1.23
Mean 90. 08 —0.2 —0.93 0.73 0.79 Mean 89.8 —0.09 —0.88 0.77 0. 84
X-Rite Spectro Eye
C-2 L ai bio AE, AEq, C-6 L1 ar bio AE,, AEy,
0° 81. 88 56. 54 39. 64 15.72 6.37 0° 79. 56 56. 65 43. 36 8.87 3.91
45° 73.5 50. 2 35.25 6. 44 2.19 45° 72.89 55. 41 37.26 4.53 2.41
90° 75.63 47.19 38.52 5. 65 1.84 90° 63.45 35.43 26. 4 22.79 10. 57
135° 77.06 45.97 37.72 4,98 2.33 135° 77.92 56. 45 45,23 9.11 3.25
180° 68. 93 22.65 19.11 26.57 10.13 180° 79.33 53.01 38. 94 5.34 3. 44
225° 68.99 34.19 29.57 11.98 5.72 225° 72.62 51. 85 35.99 3. 17 2.09
270° 70.73 50. 23 33.7 7.27 3.82 270° 70. 02 48.16 35. 39 6.21 3.71
315° 77.89 44, 38 39.27 6. 30 3.56 315° 78.37 53.99 46.55 9.19 4.15
Mean 74.33 43.92 34.1 10. 62 4,50 Mean 74.27 51.32 38. 64 8.65 4.19
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Fig. 9 Variation of a* , " chromaticity values at the position of (-2, C-6 with different orientations measured by 7000A
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