Application Note
UV-0044

Reflectance Measurement Reproducibility of the Color

Diagnosis System

Introduction

Color is a visually perceived property that is derived from the reflected or transmitted
spectrum of light interacting with the eye. It is important for the development and
production of color-based products to evaluate and obtain measurable factors
describing the color. JASCO has developed various applications that use the V-700
Series of UV/Vis spectrophotometers for color analysis using both reflectance and/or

transmittance spectra of samples. The V-700 spectrophotometers use a double-beam
optical system, which offers high measurement accuracy and stability and therefore the V-730

results for color calculations can be determined with high reproducibility. UV-Visible Spectrophotometer
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Figure 1. Mechanism of color recognition by the human eye.
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This application note illustrates the reproducibility of color calculations made using JASCO’s color diagnosis system.
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Experimental

Measurements were obtained for a blue, red, and yellow pellet. A baseline measurement was performed using a

standard white reference plate, then the sample was measured. Both reference and sample measurements were made
with the specular reflection component included. To confirm the measurement reproducibility 10 spectra were collected
with the sample removed and replaced in between scans to assess the effects of changing the measurement position.

Measurement Conditions
Bandwidth 5nm Response time 0.96 seconds

Data interval 1nm Scan speed 400 nm/min

Results

The reflectance spectra for each sample are shown in Figure 2. The figure on the right shows zoomed-in spectra in
the wavelength range 740 - 780 nm. As shown in each spectrum, the difference between maxima and minima of the
photometric value is less than 0.15%R, indicating high reproducibility measurements.
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Figure 2. Reflectance spectra of the three colored pellets. The figures on the right are the
zoomed in spectra from 740 to 780 nm.
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The Color Diagnosis Program was used to calculate color coordinates from the measured reflectance spectra. Figure 3
shows the results plotted on XYZ, l*a*b*, Lab, and L*u*v* chromaticity diagrams. The calculated values are shown in Tables
1, 2 and 3 for the blue, red, and yellow pellet, respectively. For the color coordinates that represent chroma and hue (xy,
a*b*, ab, u*v*), the difference between maxima and the minima are; x and y, less than 0.0012, a* and b*, less than 0.31, a
and b, less than 0.8, u* and v*, less than 0.50. For the color coordinates that represent brightness (Y, L, L), the difference
between the maxima and minima is less than O.1. All results indicate highly reproducible chromaticity values using the
Color Diagnosis system.
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Figure 3. Chromaticity diagrams for each color system and pellet.
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Table 1. Color calculation results of blue color pellet.

X Y Z X y iy a* b* L a b u* v
1 2377 23.94 65.84 0.2094 0.2108 56.03 4.58 -44.94 48.93 378 -5019 -2475 -70.73
2 2377 23.94 65.81 0.2094 0.2109 56.03 4.57 -44.91 48.93 378 -5015 -2474 -70.69
3 2374 23.91 6570 0.2095 0.2109 55.99 4.57 -44.88 48.89 3.78 -50.09 -24.71 -70.62

4 2376 2393 6572 | 02095 02110 | 5601 457  -4487 : 4891 378  -50.08 : -2471  -70.60

5 2376 23.92 6571 0.2095 0.2110 56.01 4.56 -44.85 48.91 377 -50.06 -2471 -70.58
6 2379 23.96 65.85 0.2094 0.2109 56.04 4.57 -44.92 48.95 378 -5016 -2475 -70.70
7 23.80 23.97 65.85 0.2095 0.2110 56.06 4.55 -44.89 48.96 377 -5012 -24.74 -70.65
8 23.81 23.98 65.83 0.2095 0.2m 56.07 4.55 -44.87 48.97 376 -50.08 -2473 -70.62

9 2380 2397 6579 | 02096  O02il 5606 455 4485 . 4896 376  -5006 ; 2471  -7058

10 2380 2397 6581 | 02095 0211 5606 455 -4486 : 4896 376 5008 : 2473 706
Mex 007 0.07 015 [ 00002 00003 i 007 003 009 . 007 002 OB ; 005 014
Ave. 2378 2395 6579 © 021 021 | 5604 456  -4488 | 4894 377 501 | -2473 7064

SD 0.02289 0.02509 0.05879 0.00006  0.00008 0.0252 0.0104  0.0312 0.0256 0.0083 0.0456 0.0168 0.0512

CV % 010 010 0.09 0.03 0.04 04 0.23 -0.07 0.05 0.22 -0.09 -0.07 -0.07
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Table 2. Color calculation results of red color pellet.

X Y VA X y L a* b* L a b u* v
1 2774 1716 817 0.5226 03234 4847 5378 2678 M43 4999 1567 101.05 1917
2 2778 1717 8.09 05238 03237 4847 5394 2708 4144 5017 15.80 101.55 19.40
3 2776 1715 810 05236 03236 4845 5392 2702 4.4 5014 1577 10146 1934
4 2775 1715 8.08 0.5238 03237 4845 5392 2706 /N4 5013 15.79 101.48 19.37
5 2773 1714 810 05236 03236 4843 5390 2699 4140 501 1575 10139 1931
6 2770 171 810 0.5235 03235 4840 5389  26.94 4137 5010 1573 10135 19.27
7 2776 1718 813 0.5231 03237 4849 5380 2697 4145 50.01 1576 101.21 19.34
8 2772 1714 81 05233 03235 4843 5385 2693 4140 5006 1573 10127 19.27
9 2772 1714 8 0.5233 03235 4843 5386 2693 4140 5006 1573 101.28 19.27
10 2777 1719 813 0.5231 03238 4850 5378 2697 4146 5000 1576 10118 1935
'\:'nalz 0.09 0.08 0.08 0.0012 0.0004 010 016 031 0.09 018 013 050 0.23
Ave. 2774 1715 81 052 032 4845 5386 2697 4142 5008 1575 10132 1931

SD 0.0270 0.0230 0.0274 0.00038  0.00012 50.0288 0.0613  0.0852 0.0278 0.0640  0.0377 01545 0.0670

CV % 010 013 0.34 0.07 0.04 0.06 0 0.32 0.07 013 0.24 015 0.35
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Table 3. Color calculation results of yellow color pellet.

X Y VA X y L a* b* L a b u* v
1 7334 82.03 14.95 0.4306 04816 9259 944 8403 9057 925 5069 2370 9518
2 7334 82.03 14.95 04306 04816 9259 943 84.03 9057 925 5069 2371 9517
3 7337 82.06 14.93 0.4307 0.4817 9260 944 84.11 9059 926 5072 2372 95.23
4 73.37 82.06 14.91 0.4307 0.4817 9260  -9.44 8415 9059  -9.25 5073 2374 95.26
5 7336 82.04 14.93 0.4307 0.4817 9259  -942 8410 9058 924 5071 2375 9522
6 7336 82.05 14.94 0.4307 0.4817 9260 944 8409 9058 925 5071 2372 95.22
7 7338 82.07 14.92 0.4307 0.4817 9260 944 8413 9059 925 5073 2374 9525
8 7337 92.06 14.93 0.4307 0.4817 9260 944 8411 9059 925 5072 2373 9523
9 73.40 82.07 14.90 0.4308 0.4817 9261 941 8418 9059 922 5074 2379 95.27

10 73.41 82.09 14.87 0.4309 0.4818 92.62 94 84.26 90.60 ) 23] 50.77 23.81 95.33

":’Tﬁi 0.07 0.07 008 00003 00002 : 003 003 023 i 004 0.03 008 i o1 016
Ave. 7337 82.06 1492 i 043 048 | 9260 943 8412 9059 924 5072 | 2374 95.24

SD 0.0218 0.0201 0.0232 0.00008  0.00006 0.0089 0.0N8  0.0678 0.0mM 0.0m2 0.0241 0.0348 0.0457

CV % 0.03 0.02 016 0.02 0.01 0.01 -013 0.08 0.01 -012 0.05 015 0.05

Analysis Conditions: Light Source, D65 (CIE 15:2004, JIS Z 8781-1:2012, ISO 11664-2:2007); Color-matching function, CIE
15:.2004, JIS Z 8701:1982; Viewing angle, 2°; Data interval, 5 nm.
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