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Improvement of Design of Spectrophotometer for Measuring Fluorescence
Color Inter-Instrument Agreement
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Abstract In this paper, a spectrophotometer is designed. The xenon lamp is used as the measuring light source of the
spectrophotometer, and a mechanical structure is designed to adjust the proportion of ultraviolet energy in the luminous
intensity of xenon lamp. The standard color plate determined by the proportion of fluorescent substances is used as the
standard substance to calibrate the instrument and the standard instrument. The algorithm is designed to modify the
instrument light source to make the ultraviolet spectral radiation intensity of the illumination light source is consistent with
that of the standard instrument, so as to reduce inter-instrument agreement. In addition, experiments are designed to
verify the effect of the scheme. The maximum value and average value of inter-instrument agreement AE, of non-
fluorescent materials measured by instruments without the proposed scheme are 0. 88 and 0. 44 in CIELAB uniform color
space, and that in the situation with fluorescence color are 13.69 and 3.46. After applying the proposed scheme, the
maximum value and average value of inter-instrument agreement AFE,, of non-fluorescent materials measured by
instruments are 0. 88 and 0. 38 in CIELAB uniform color space, and that in the situation with fluorescence color are 3. 88
and 1. 04. The experimental results show that the proposed scheme can improve the inter-instrument agreement level of
fluorescent color measurement between different instruments.
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Table 1 Comparison of basic parameters of three instruments

KONICA MINOLTA

Parameter CM-3600A X-Rite 7000A CHNSpec CS-826
Measuring geometry d/8° d/8° d/8°
Lighting source Pulsed xenon lamp Pulsed xenon lamp Pulsed xenon lamp and light-emitting diode
Spectral range /nm 360-740 360-700 360-780
Wavelength interval /nm 10 10 10
Measuring reflectivity range /% 0-200 0-200 0-200
Resolution ratio /% 0.01 0.01 0.01
Repeatability Within 0. 02 Within 0. 01 Within 0. 01
Inter-instrument agreement 0.15 0.08 0.10
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Fig. 1 Physical drawings of samples. (a) Fluorescent free samples; (b) samples containing fluorescent substances
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Fig. 2 Spectral distributions of samples. (a) Fluorescent free samples; (b) samples containing fluorescent substances
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Table 2 Color parameters of 12 BCRA color bricks measured by three instruments

KONICA MINOLTA

brilcilcl)\;o. CM-3600A X-Rite 7000A CHNSpec CS-826
L a b L a b L a b
1 88.89 —0.70 1.77 88.72 —0.72 1.62 88.87 —0.59 1.86
2 66. 17 —1.31 2.73 65.96 —1.31 2.65 66. 24 —1.18 2.63
3 50. 28 —0.63 2.23 50.03 —0.66 2.20 50. 39 —0.51 2.07
4 27.48 0.63 0.22 26.76 0.65 0.34 27.68 0.41 0.65
5 49.33 40. 58 21.33 49.08 40.93 21.82 49.83 40.68 22.05
6 42.46 22.27 9.10 42.15 22.61 9.40 42.70 22.49 9.15
7 58. 23 34.05 36.58 58.03 34.10 37.06 58. 60 33.90 37.17
8 80.52 2.12 59.41 80. 35 1.95 59.43 80.71 2.09 59.45
9 65.03 —19.63 31.58 64.78 —19.74 31.47 64.99 —19.54 31.14
10 64. 35 —21.62 26.44 64.05 —21.69 31.47 64. 30 —21.50 26.01
11 53.21 —5.50 —25.92 52.87 —5.36 —26.07 53.13 —5.24 —26.14
12 30.77 4.68 —19.36 30.13 4.88 —19.55 30.99 4.45 —18.91
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Table 3 Color parameters of 23 fluorescent samples measured by three instruments

KONICA MINOLTA

I;‘::;cesc\?:l CM-3600A X-Rite 7000A CHNSpec CS-826
L’ a b L a b L’ a b
1 96. 96 0.96 —5.97 96. 85 1.08 —6.10 98.09 0.96 —7.36
2 95.10 0.28 —9.75 95.10 0.63 —10.51 96. 30 0.31 —11.67
3 95.22 1. 60 —11.50 95. 20 1.89 —12.06 96. 40 1.94 —14.16
4 94.99 0.01 —9.18 94. 80 0.12 —9.27 96.12 0.12  —10.96
5 91. 30 1.74 —11.51 90. 70 1.72 —10.68 92.35 1.94 —13.40
6 94. 34 1.39 —7.38 94.19 1.48 —7.62 95.41 1.51 —9.24
7 93.70 2.55 —14.07 93.57 2.57 —13.68 94.84 2.82 —16.15
8 90. 89 1.78 —10.77 90. 69 1.93 —11.10 92.01 2.01  —12.80
9 85.07 22.21 —9.72 84.75 22.34 —9.16 85.72 22.34 —9.62
10 100. 35 —27.82 109. 65 100. 22 —28.86 108. 91 106. 54 —35. 26 114. 55
11 89. 35 —59.62 93.07 89. 34 —61.26 92.11 94. 31 —66.62 96. 10
12 88.49 62. 34 99. 26 88.85 62.65 100. 20 95.05 66.18 107. 31
13 93. 88 —4.12 29.09 93.75 —4.31 29.40 94.92 —4.14 29.14
14 71.06 85.61 75.50 71.36 85.99 76.45 77.95 91.01 84.13
15 96. 48 2.67 —13.12 96. 32 2.73 —12.95 97.49 2.92  —15.04
16 61.74 73.60 —4.33 61.44 72.98 —4.17 66.48 77.51 2.57
17 94. 60 —20. 26 108. 30 94.54 —22.76 102. 61 98.92 —25.23 111. 30
18 55.81 —22.62 —41.35 55.09 —21.44 —41.84 56.47 —21.77 —41.69
19 92. 20 8.41 99.53 91.41 7.52 98. 30 94. 66 7.07 100. 22
20 88. 30 —9.70 —15.35 87.63 —9.41 —15.39 88.71 —9.32 —16.42
21 82.49 41.37 91.29 81.06 40.76 89.90 85.74 40. 27 93.83
22 98. 86 —22.92 103. 67 98. 27 —23.46 102.19 100. 81 —25.52 102. 90
23 64.19 81.97 —9.76 63. 35 80.97 —9.61 67.51 82.57 —3.64
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