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Image Quality Evaluation Technique in Color Space Using Numerical Simulation
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Abstract

In designing production printing products, evaluation of
color image is one of the most important matters. However,
a problem exists that it is difficult to evaluate the color per-
formance of a product at prototype stage taking into account
various noise factors. Furthermore, there exists another
problem that it is not accomplished to evaluate mixed-colors
performance from monochrome performance using theo-
retical color matching. To solve these problems, we have
built an evaluation scheme for performance of color image
quality including influence of various noise factors utilizing
an electrophotographic process simulation and the QE
method. The evaluation scheme is applicable to an early
stage of development as well as to its mass production stage.

In this report, we improved accuracy of color matching by
adding a lookup table (LUT) correction to the simulation
scheme. We practiced evaluation for 3 characteristics which
are volume coverage, and surface coverage of color solid,
and color differences. In our investigation, numerical experi-
ments were arranged with orthogonal arrays based on the
QE method to take into account noise factors. As a result, re-
sponsibility of each control factor and noise factor was veri-
fied and the most robust condition was determined. Validity
of the scheme was successfully shown. Furthermore, it was
verified that the scheme can be applied to parameter de-
signing stage. By applying the scheme for the color image
quality evaluation to an early stage of a project, we consider
to contribute further improvement of quality of products.
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Simulation of electrophotographic image
F(C,M,Y,K) [ F:Simulation results )

.

L: LUT color transfer functionJ

Color-correction
G (L*a%b*)=L (F)

G: Transferred results

.

Gamut evaluation
H (L*a* b*)=E (G)

E: Evaluation function
H: Evaluated results

Fig. 1 LUT scheme for the simulation results.

Table 1 Control factors for L9 orthogonal array.

. Levels
Factor Description 1 2 3
A Screen type Line Dot Dot
B Screen ruling Coarce Moderate Fine
C GCR rating Very high High Default
D Laser power Default High Very high
Table 2 Noise factors for L4 orthogonal array.
Factor Description Levels
1 2
a Laser diameter in main Small Large
scan direction
b Laser diameter in sub Small Large
scan direction
c Developing bias Low High
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Fig. 2 Color distribution of C, M, Y, R, G, and B in a*-b* plane. The filled
circles show the simulation results. The open circles are experi-
mental results.
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Fig. 3 Factorial effect plots of simulation results of L9xL4 orthogonal
arrays. Factorial effects are plotted by S/N ratio. The factor effects
are representing smaller-is-better response: (a) volume coverage,
(b) surface coverage and (c) color difference.
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Table 3 Confirmation experiment.

S/N ratio [dB]
Description Gain
Standard Optimum

Evaluation item

Expection 29.92 32.60 2.68

Volume coverage X
Confirmation 29.92 30.70 0.78

Expection 4.53 4.92 0.38

Surface coverage .
Confirmation 4.53 4.48 -0.05

Expection -6.00 -6.48 -0.48

Red .
Confirmation -6.00 -5.24 0.76

Expection -3.32 -3.01 0.31
Confirmation -3.32 -2.37 0.96

Color difference |Green

Expection -4.62 -2.09 2.53

BI
Y Confirmation | 462 400 | 0.62
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Fig. 4 Color distribution of C, M, Y, R, G, and B in L*-C* plane, (a) with
standard and (b) with optimum condition. The simulation results
with noise factors are shown by the solid lines. The marks repre-
sent the simulation results without noise factors. Chroma C* is
calculated from the square root of the sum of (a*)A2 and (b*)A2.
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Fig. 5 Outermost edge of Gamut surface in a*-b* plane, (a) with stan-
dard and (b) with optimum condition. The simulation results with
noise factors are shown by the solid lines. The marks represent
the simulation results without noise factors.
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Fig.6 Color distribution of C, M, Y, R, G, and B in a*-b* plane, (a) with
standard and (b) with optimum condition. The simulation results
with noise factors are shown by the solid lines. The marks repre-
sent the simulation results without noise factors.
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