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Evaluation of Electrophotographic Image Quality Aided by Numerical Simulation
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Abstract

In the development of an electrophotographic MFP
(multi-function peripheral), it is advantageous to predict
and evaluate output image quality at an early stage. To do
this, we propose an evaluation method, aided by numerical
simulation, which can quantitatively estimate final quality.
In this evaluation method, the electrophotographic process
is partially replaced by numerical models, and an output im-
age is then obtained as a simulated density distribution. The
output image is used not only for evaluation of its quality
but also for identifying those factors which improve quality.
In this paper, we report on the effectiveness of our method
when the method is applied to the evaluation of graininess.
At the same time, we report that factorial effects on density
non-uniformity are clarified by association of our proposed
method with the Taguchi Method.
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Fig. T Model for toner scattering. Density in one pixel is partially removed
and added to a neighboring pixel selected randomly.
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Table 1 Control factors.

Levels
2 3
Factors

A: Shape of screen Line Dot -

B: Number of lines Low Mid High
C: Screen angle
Low Mid High
(0-90 deg)

D: Bit-depth Low Mid High
E: Gamma Low Mid High
F: AC developing bias Low Mid High

BRI, = A8, BOLROMEEN, BLUTL—
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Table 2 Noise factors.

Levels
2 3
Factors
1: Beam diameter Small Mid Large
2: Charged potential
on the surface of Low Mid High
photoreceptor
3: Power of laser Low Mid High

diode
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Fig. 2 Actual scanned output images (input density, 25.1%) compared
with simulated images (input density, 30%), where the standard
deviation of scatter distance varies from o, to 0,.
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Fig. 3 LN of simulated image of screen B, (black) with the standard devi-
ation 0,. LN of actual output image is also plotted.
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Fig.4 Variation of LN with respect to three levels of standard deviation.
(a) K (b) CMY.
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Fig.5 Correlations of LN between simulated and actual output images.
(a) 6, (b) 0.
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Fig. 6 Examples of results of simulated tone reproduction under the con-
dition of (Lys, N,), (Lys, N;), and (L;g, Ng) versus under the standard
condition N,.
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Fig. 7 Color difference between standard condition N, and representa-
tive results (L;g, N5), (L5, N;), and (L;g, Ng).
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Fig. 8 Factorial effects.
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Table 3 Estimation of effects and results of confirmation experiments.

Estimation Ezggglnnztrilct)sn
Shape of S/N ratio S/N Maximum
screen (db) E?ltll)()) of AE

Current 28.9 29.5 5.6

Line Optimum 38.6 40.2 3.0
Gain 9.7 10.7 -

Current 28.8 28.5 59

Dot Optimum 385 38.1 25
Gain 9.7 9.6 -
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