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Abstract

The essence of the traditional display technology based on RGB system is heterochromatic imag-
ing. In order to further improve the matching between the display end and the reflection spectrum
of the real object and reduce the color difference, this paper proposes a reflection spectrum re-
construction method based on multi-channel, which can be more accurate on the display end.
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Close to the reflection characteristics of the object, the chromatic aberration is smaller, and the
effect is more realistic. By increasing the number of display channels, the method expands the
spectral range and improves the integrity of the displayed information; and uses the QPSO (quan-
tum particle swarm) multispectral reconstruction algorithm to fit the reflection spectrum of the
real object surface to achieve the purpose of reconstructing the real reflection spectrum of the ob-
ject. In the experimental verification, the LED light source was used to reconstruct the reflection
spectrum of each color in the 24-color standard color card under the illumination of 4 standard
light sources, resulting in a total of 384 groups of spectra. When the number of channels increased
from 3 to 8, the spectral matching degree increased from 80% to more than 90%, and the average
chromatic aberration is less than 2. It is verified that this method can greatly improve the spectral
matching between the displayed spectrum and the real object, and at the same time greatly reduce
the chromatic aberration.
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Table 1. Specific parameters of each LED under 4 different channels
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Number of channels Center wavelength(nm) FWHM(nm)
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Figure 1. Three groups of LED spectra simulated by simulation. (a) RGB 3 channels; (b) 4 channels; (c) 6 channels; (d) 8
channels
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Figure 2. 24-color standard color card
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Table 2. Standard light source parameters
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Figure 3. Reflection spectra of the 4th, 10th, 14th and 16th color blocks of the standard color card under the illumination of
4 light sources. (a) The reflection spectrum under the illumination of the standard light source A; (b) The reflection spectrum
under the illumination of the standard light source CWF;(c) The reflection spectrum under the illumination of standard light

source D65; (d) The reflection spectrum under the illumination of standard HZ

3. FERRTE 4 MLRIBS THUE 4, 10, 14, 16 MEREIRGLE. (@) AFRELIR A BEHTHRSE; (b)
AESIR CWF BET TR ST KIE; () ArnEXIR D65 BEF THIRSKIE; (d) At HZ BT TRIR S HE

DOI: 10.12677/jsta.2023.111007

63

LB 5


https://doi.org/10.12677/jsta.2023.111007

ERE %

FATBEHLLEE A SIS TS 4 b, CWF LIRSS FIES 10 tadk, D65 JLIEN T i% 16
e, HZ SGIRR T RIEE 14 BN EFR, 2 AlRX 4 R SHEIEA N Aot . B )E 315 BT 1
J6UE B 380~760 nm, Sl 1 ALY 3 aliE, 4 i, 6 8IE, 8 @iEGIHEALEN R, iEH

N )| AN kv y -+ %2 —
QPSO BiEX HAl &, G4 Rkl 4 Pios:
8000 1200
3channels (a) 3channels ®)
7000 4channels 4channels
6channels 1000 = 6channels
6000 8channels —— 8channels
~ —— A4 reflectance spectrum < 800 —— CWF-10 reflectance spectrum
5 5000 2
N -
£ 4000 g’ 600
F =
= 3000
= = 400
2000
200
1000
0 0
400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750
Wavelength/nm 7000 Wavelength/nm
6000 (c) 3channels (C)]
6000 4channels ‘
5000 6channels
5000 — 8channels
~ ’; ~—— HZ-14 reflectance spectrum
3 4000 <]
~ ~ 4000
g g
Z 3000 ]
3 2 3000
3
= 3channels =
2000 4channels 2000
6channels
1000 8channels 1000
——— D65-16 reflectance spectrum
0

400 450 500 550 600

‘Wavelength/nm

650 700 750

500 550 600

‘Wavelength/nm

650 700 750

Figure 4. Fitting diagram of QPSO algorithm. (a) The reflection spectrum of the 4th color block of the color card under the
illumination of the standard light source A; (b) The reflection spectrum of the 10th color block under the illumination of the
standard light source CWF; (c) The reflection spectrum of the 16th color block under the illumination of the standard light
source D65; (d) The reflection spectrum of the 14th color block under the illumination of the standard light source HZ
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Table 3. Spectral matching degree
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Maximum spectral match

standard light source

3channels 4 channels 6 channels 8 channels
Alight source 80.34% 84.53% 95.19% 95.30%
CWEF light source 83.75% 94.91% 95.45% 95.81%
D65 light source 81.37% 89.68% 95.23% 95.34%
HZ light source 76.64% 80.12% 93.64% 94.26%
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standard light source

3 channels 4 channels 6 channels 8 channels
A light source 78.16% 74.83% 90.42% 90.30%
CWEF light source 81.57% 91.07% 93.00% 92.57%
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Figure 5. Comparison of spectral matching under each channel. (a) The average spectral matching degree; (b) The maximum
spectral matching degree
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Table 4. Lab values after 4-channel fitting under the illumination of light source A

R; =-sin(2A6)R.

A6 =30exp H@— 275" /25]2}

Re =2Cl, /Cly +25'

(14)

F 4 ARRRHET 4 BERERE Lab &

Color Card L a b
A-1 81.57 22.62 43.17
A-2 70.5 36.64 21.68
A-3 70.48 36.64 21.64
A-4 78.07 23.16 17.42
A-5 76.26 36.75 60.63
A-6 75.37 22.27 -19.9
A-7 95.41 6.61 55.19
A-8 56.61 59.25 32.08
A-9 62.21 52.99 57.37
A-10 62.24 52.93 57.09
A-11 90.64 13.47 50.13
A-12 90.64 13.47 50.15
A-13 87.94 26.25 102.89
A-14 87.95 26.25 102.9
A-15 87.91 26.34 103.01
A-16 94.19 9.67 47.12
A-17 85.9 27.62 90.04
A-18 68.33 46.63 -29.05
A-19 96.19 471 35.39
A-20 85.49 17.87 33.68
A-21 82.68 19.66 29.93
A-22 83.74 18.1 29.35
A-23 83.34 18.42 28.26
A-24 76.53 30.03 321

A4 ASEIRRYT T 4 IEIA S Lab (. FrA B g BARYE 4.2 it-5715 CIEDE2000 -3 4 2%

N 5 fow:
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Table 5. Color difference analysis
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Figure 6. Chromatic aberration analysis of 4, 6, and 8 channels under 4 standard light sources
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