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Study of a Simulation for Color Reproduction of Electrophotographic Image Based on Arithmetic Processing of Spectral Absorbance
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Abstract

For treating changes in color caused by difference of fixing
temperature or color material, a chromaticity calculating
section to simulate color mixture by operating wavelength-
specific absorbance has been added to the flow of a previ-
ously reported simulation system, which simulates fluctua-
tion elements in the electrophotographic process and
evaluates the simulated quality of image. For simulating
change of absorbance influenced to fixing temperature, fit-
ting curves to measured correlations are prepared and absor-
bance at any fixing temperature is calculated by linear inter-
polation. For simulating chromaticity in mixing colors,
chromaticity in combination with arbitrary toner amount is
calculated from averaged toner amount of each color by lin-
ear interpolation in the distance from the nearest gradient of
the monochromatic. A correction function for the spectral
absorbance of each gradient color is prepared by referring
measured value of a set of model toners. The accuracy of the
chromaticity calculating section was evaluated by two crite-
ria: average color difference between measured and calcu-
lated data, and the correlation coefficients of the measured
color gamut and the calculated color gamut. The former was
2.7, and the latter ranged from 0.94 to 0.98. A further chal-
lenge is to improve the accuracy of chromaticity calculation
for a widely different set of toners in spectrum absorbance
from the referred model toner.
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Fig. 1 Flow chart of numerical simulation-aided color evaluation. The
flow chart is composed of a process simulation, a chromaticity
calculation, and a color evaluation.
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Fig. 2 Conceptual diagram of a transfer sub-process. According to the
flow, amount of toner on paper is sequentially calculated by add-
ing amount of each toner on photoreceptor multiplied by each
1st transfer efficiency, and 2nd transfer efficiency.
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Fig. 3 Change in spectral absorbance of various toners influenced by
fluctuation of fixing temperature. In the legend, “Low” shows 20
degree lower than the default fixing temperature, and “High”
shows 20 degree higher.
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Fig. 4 Relationships of absorbance between default and different tem-
perature of (a) cyan toner and (b) magenta toner. Plots represent
measured data in lower and higher temperatures, lines represent
fitting curves to measured data.
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Fig. 5 Conceptual diagram for calculating absorbance at any fixing tem-
perature. First, absorbance value is calculated from the fitting
curve for the higher or the lower target of fixing temperature ac-
cording to the magnitude relation between the intended and the
default fixing temperatures. Second, the output absorbance is
calculated between the value and the input absorbance by linear
interpolation according to the ratio of temperature difference
from the default.
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Fig. 6 Comparison of measured and calculated spectral absorbance.
Cyan, magenta, and blue are the measured values for the model
toner set. Blue'is the calculated value based on Lambert-Beer’s
law from the measured values for cyan and magenta.
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Fig. 7 Example of conceptual diagram to calculate the spectral absor-
bance of mixed cyan and magenta with an arbitrary combination
of a normalized amount of toner for each color. First, A1,,,(i,)
and A2,,(i,,) are calculated by Equation 1 and Equation 2. Then
A3,(i., i) is calculated by Equation 3.
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Fig. 8 Three-dimensional graph presenting relation between calculated
color gamut and target color gamut. Overlapping color gamut is
an intersection of the calculated and the target color gamuts.
Coverage is the ratio of the overlapping color gamut to the target
color gamut.
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Table 1 Verification conditions.

. ) Fixin Maximum Note (referred
No. Slmulatlon tempera%ure Toner toner cond(ition for
item difference (°C) type amount fitting)

1 -20°C

2 0°C Low

3 ZOOC Fixing temperature
4 Fixing '2000 part: No.4,5,6
5 temperature OEC A Default Color material
6 20C part: No.5

7 -20°C

8 0°C High

9 20°C

10 Low

11 B Default

12 High

13 Color Low Color material
14 material oc C Default part: No. 11
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16 Low

17 D Default

18 High

4 MRELAER

MiREAS R %, Table 2 (9, EHEEE, 12 ~3 7T,
EOE I OYES & 0 o 72, HBIREIE, Aok
B, #FE, AEANN—KT0.95 EoMBEERL, #£
A N—FDH0.91 ~0.95 & %57,

Fig. 9 ICkfE A N—FK &, KEEAH N —LDHHE L
IR E OBERZE TR T, £ 5D EE 1 0E
BIDEWZ 6, ¥—=%y bMalg e g L 2 h N —%
&, FEINGEWE (B N—FIZFEHE D PPRED
fEA) ICHE I N Eb B, Fe, FEHIME, A

fili& bz, A N—FOZLHFEX D, FiAEH N—
KOBACEFH DA o 72, T, A=K XD,
KR A =D, CIROZLDOFEITHNP TV
FHMEEHTH B Z L RR LTS

Table 2 Verification results.

Averaged Correlation coefficient
Simulation i color Gamut Gamut Gamut Gamut
tem aiference volume surface area volume - surface area
(AEq) coverage  coverage
Fixing
temperature 2.26 0.97 0.96 0.99 0.95
Color material 3.19 0.99 0.99 0.97 0.91
Total 2.72 0.98 0.97 0.98 0.94
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Fig. 9 Correlation diagram of calculated coverage to measured cover-
age: (a) volume coverage correlation, and (b) surface coverage
correlation.
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Fig. 10 Result of validation for influence of fixing temperature to color
gamut volume in a condition of lower amount of toner: (a) mea-
sured projection view to a*-b* plane, (b) calculated projection
view to a*-b* plane.
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Fig. 11 Result of validation for influence of toner type with different
spectral absorbance to color gamut in a projection view to a*-b*
plane. Toner types B and C resulted in good agreement to the
measured gamut. Toner type D resulted in a larger difference be-
tween measured and calculated gamuts.
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Fig. 12 Comparison of spectral absorbance of blue (cyan + magenta)
among toner types B, C, and D. In toner D, calculated spectral
absorbance differed from the measured spectral absorbance in
the region of wavelengths above 550 nm.
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