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Investigation of Image Quality Evaluation Technique for Color Reproduction Using Numerical

Simulation, and Application to Quality Engineering
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Abstract

In order to accelerate quality improvements in an early de-
velopment stage, image quality evaluation technique using
numerical simulation has been improved toward the usage
for designing image quality of a product in a conceptual de-
velopment stage. Whereas the previously reported model
includes modules for image processing, exposure, latent im-
age formation and development, the new model adopted
calculation modules for toner spectral characteristics, trans-
fer sub-process and fusing sub-process to predict mixed col-
or. By using the model, an evaluation system of color repro-
duction by simulation has been constructed with much
wider consideration of relevant design factors of electoro-
photographic process.

As a practical example, design parameters for robust re-
production in gamut volume cover ratio to Japan Color 2001
chart was studied using L18xL8 orthogonal array experi-
ments of quality engineering. The optimized result showed
improvement of gain in 14.4dB. Validity of the result was dis-
cussed and several challenges for the future were suggested
with a view toward practical tools of robust design for gamut
reproduction.

From this result, possibility for optimization of whole sys-
tem design with balanced condition selected flexibly from
various evaluation factors by considering many design pa-
rameters has been expected without using an actual ma-
chine at early development stage. The result also showed
expectation to 30 times efficiency in development period
from trial production design to examination and evaluation.
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Table 1 Functional specifications of the simulation system.

Sub process Parameter New system Conventional

Toner Density / Mass v v
Particle char. — —
Charging char. — —

Image data Fixing Spectral
temperature absorbance
l CMYK P
v v
/ Image Chromaticity
processing calculation
CMYK Chromaticity
Exposure Color
sub-process Evaluation
o Laser l
S intensit .
= y Evaluation value
= Latent image
& < formation
[72]
" sub-process
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3 Surface
A potential Amount of
r toner
DeVelOpment on paper
sub-process
Amount of toner
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Transfer

sub-process

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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Table 2 Control factors for L18 orthogonal array.
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o Levels
Factor Description ] > 3
1 Screen type Line Dot
2 Screen ruling Coarse  Standard Fine
3 GCR rating High Standard Low
4 Laser power Standard High Very high
5 Ist transfer efficiency High Standard Low
6 2nd transfer efficiency High Standard Low
7 Ist reverse transfer ratio  High Standard Low
8 Fixing temperature Low Standard High
Table 3 Noise factors for L8 orthogonal array.
Factor Description I Levels 5
1 Laser beam diameter x (main) Small Large
2 Laser beam diameter y (sub) Small  Large
3 Developing bias Low High
4 Ist transfer efficiency Low High
5 2nd transfer efficiency Low High
6 Ist reverse transfer ratio Low High
7 Fixing temperature Low High
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Fig. 2 Simulation results of L18xL8 orthogonal arrays are shown as graph of factorial effects. Factorial effects with volume coverage are plotted by SN

ratio. Those are representing smaller-is-better response.
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Table 4 Confirmation experiment.

SN ratio [dB]
Evaluation item Description Gain
Standard Optimum
Expection 18.7 31.7 13.0
Volume coverage
Confirmation 18.3 32.7 14.4
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Fig. 3 Color distribution of Red and Green in L*-C* plane, with standard
and with optimum condition. Simulation results added various
noise factors are plotted. Chroma C* is calculated from the square
root of the sum of (a*) A2 and (b*) A2.

BERL B L C B2 B, FL—FA 7 0MFERH B, 5
BHWEFHEET VI, ZOoMEETFEE 7 ak A0 X
AZRLFERL TRV EOTEEBBRETHY, 5%
DHERTH %, Fig. 2 TEHMREX, SMOKEFOH
Tt b R E L RO EBICE L SRR S Nk, &
HE OB 72 2 HIE, FEBRICIEFR=YHEToE
B EE BN OIS ERE DG D 4035 2 &
PREINS, EEREZ B2 HMOIRL0E - hKIC
FE LD ZLEEREEZEZ NS,

S Gamutic MU IR 2 R T 5 7 9, Fig. 3
I L*-C* BT[], Fig. 4 12 a*-b* Wil % 7R 3, Fig. 3, Fig. 4
DENFNT, HKHKEFVENLD RS NRed &
Green (22T, KT~ L E AT HEEE IS MIS L 72 %%
B8 RDEHAE R A2 EQ TR L 7, BTSN L R TR
BRI S O EDIFI S 0, & 612 Gamut FRdE6 s
ZIKT DRERBIME SN TS & 2TERTE 12,

S OFHEEH T, "L DY I 2L — 3 VG
Betins, BURBHTE OB A & M iR 2 5
AT W EROREMICTEITE 2 2 LVRE T,

Standard
condition
a*
| -80
b*
Optimum
condition
a
|80
b*

Fig. 4 Outermost edge of Gamut surface in a*-b* plane, with standard
and with optimum condition. Simulation results added various
noise factors are plotted.
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