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Quality Evaluation for Design of Laser Scanning Optical System Using Numerical Simulation and Quality Engineering
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Abstract

Expectation for products combining higher image quality
and higher reliability is rising in the printing market. In order
to reply such request, we have investigated a quality im-
provement scheme which can be applied comprehensively
from start of development to the mass production phase. In
this report, a laser scanning optical system has been consid-
ered. An imaging simulation system developed in-house has
been applied, which can predict and evaluate image quality
of a virtual product before the prototype doesn't exist at the
concept phase. A comprehensively robust-oriented design
specification has been confirmed for plural articles of image
quality such as density fluctuation and graininess by arrang-
ing an orthogonal array of the quality engineering method
in L18xL18 for allocating design parameters, production
tolerance and environmental variation in the field to control
factors and error factors respectively.
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Fig. 1 Example of density fluctuation. (a) is a simulated image which re-

produced an error of polygon mirror shown as (b). (c) is a spec-
trum value of (a) in consideration of visual transfer function VTF.
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Table 1 Control factors for L18 orthogonal array.

Factor Description 1 [ Lev;ls [ 3
A Screen type Dot Line -
B Developing bias Low Middle High
C Screen ruling Coarse Medium Fine
D | Number of laser beams| Default 1.5 times twice
Number of pol
E uber o poygon Small Default Large
mirror facets
F Gamma Low Default High
X
G | Density of input imagel Low I Medium I High
X
H Color Mono color | Process black | Full color
(CM,Y.K) (€19 (4C)
Table 2 Noise factors for L18 orthogonal array.
Factor Description I I Lexzzels | 3
a Laser beam diameter Large Small -
Developing bias Default | High Low
LD pitch error in main scanning
c direction Type-cl | Type-c2 | Type-c3
LD pitch error in sub scanning
d direction Type-dl | Type-d2 | Type-d3
Delay between polygon mirror T T ol T 5
¢ |facets in main scanning direction ype-e ype-e ype-e
f Phase pattern of factor "e" Type-fl | Type-f2 | Type-f3
Shift between polygon mirror
& | facets in sub scanning direction Type-gl | Type-g2 | Type-g3
h Phase pattern of factor "g" Type-hl | Type-h2 | Type-h3
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Fig. 2 Factor model of “c”and “d".
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Fig. 3 Factor model of “e” and “g”" in case of 6 facets polygon mirror.
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Fig. 4 Factor model of 6 facets polygon mirror.
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Fig. 5 Factorial effect plots of simulation results using L18xL18 orthogonal arrays. Factorial

effects are plotted by SN ratio. The factor effects are representing nominal-is-best
response: (a) the density fluctuation, (b) the graininess and (c) the color difference.
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Fig.6 Simulation results, (a), (b) and (c) are numerical experiments of
dot screens. (d), (e) and (f) are numerical experiments of line

screens.
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Table 3 Calculated values of Fig. 6 conditions.

N Spectrum Lightness | Color difference
0- peak Noise AE
S2NO 0.19 0.27 -
S2N1 0.29 0.33 3.0
S2N18 0.76 0.47 5.0
S15NO 0.52 0.29 -
S15N1 0.58 0.33 3.1
SI5N18 0.65 0.41 0.9
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