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Effects of Features in Background Images on Visibility of Density Unevenness
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Abstract

When density unevenness areas appear on printed images,
visibility of the unevenness areas depend on contents of
background images even if the levels of unevenness for
those areas are the same. We investigated image features rel-
evant to visibility of density unevenness to clarify detection
mechanism of unevenness. In this study, we performed
experiments for detecting density unevenness with various
levels of saliency of background images. As results, we found
that visibility of the density unevenness correlated with spa-
tial frequency components, which were similar to those of
the density unevenness, of the background area close to the
density unevenness. The correlation with saliency was found
to be week. It would be suggested that the definition of
saliency could be re-considered.
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Table 1 The list of assumptions.

Focused . Supposed
features Assumption mechanism
Saliency | 1) When saliency at a | A Higher salient

location of an location in an image
unevenness is higher, | attracts attention so
visibility of the that an unevenness on
unevenness is higher. | he location can be
easily found.

2) When saliency at a | Most of low salient
location of an locations are uniform in
unevenness is lower, | density so that an
visibility of the unevenness on the
unevenness is higher. | location pops out.

3) When salient Attention is attracted to
locations are an entire image so that
scattered in an image, | an unevenness cannot
visibility of an be focused on.

unevenness is lower.

4) When salient Attention scans in an
locations are entire image so that an
scattered in an image, | unevenness can be
visibility of an found.

unevenness is higher.

Spatial 5) When an image When the gradation of
frequency |includes spatial a location of a

of tone frequencies which are | unevenness in an
distribution | the same as those of | image is the same as
an unevenness, that of an unevenness,
visibility of the the unevenness cannot
unevenness is lower. | be discriminated.
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Target
(Unevenness part)

Fig. 1 An example of the stimulus image and the target.

Table 2 Experimental conditions.

Observation Dark room

environment

Display EIZO/ColorEdge CG221,
maximum luminance:
80 cd/m?

Subjects - Females: 40’s (2),

-Sex:Age,(headcount)
-other information

Males: 20’s (1), 30’s (1),
40’s (3), 50’s (1), 60’s (1)

- All subjects’ visual acuity
is normal.

Viewing distance
Presenting duration

50cm, head position not fixed
1s or 4s (interval: 1s)

Back- Type 24 natural photos
ground | Mode 8bit gray scale
(original) | sjze 2 images (height: 170,
Image and width: 236 mm) in 50° visual
Position angle (width: 478mm)
Uneven- | Shape Circle, Gaussian luminance
ness distribution.
target Size 1° visual angle of the
diameter (151px.)
polarity of - Increment (White)
luminance - Decrement (Black)
change
(color)
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7HEMEOWEE 2R TMHICIE, 2728 FRVETGR
D, MHEHAMEICB T S SHEOFEEE G, ZDORS
DX, &7 & U THEHZ 2L S & 2 Fig o
Z1ETBIEAHEBICE X 23T 28I L 7,
I Z SR E—HE e Do DIF, HEFHME~ v T DM
EPENT-D, FBE—HIER L THORESERIELD
LRVEFZZTOTH D, WHEMEDE IR DI
TEAET BFE 2 R TEICIE, LT 28 F R0y smEg
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In a trial the luminance
of the target is increased
in a step until the subject
finds the target.

Fig. 2 Time course of a test stimulus presentation.
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Table 3 Fitting equation & correlation coefficients. S-value and F-value
are calculated in original images without unevenness parts.

Col Fitting equation (top),
:))for Dura Correlation coefficient (bottom)
7 Average
uneve- | tion o
nnes S-value g}:/rgh?; deviation | F-value
of S-value
. log, log, log, power,
White | 1s 1 957 | 013 007 | 0.5
log, log, log, power,
Black | 1s | 002 | 032 032 | 070
. log, log, log, power,
White | 4s | 559 | 021 009 | 046
log, log, log, power,
Black | " 4s | 05 | 0.23 026 | 075

White unevenness parts
---(1s) 1 y = 0.3358x0-163

30
— (4s) : y = 0.0995x0-2118
> 20
S X
N 10 o X1s O4s
o]
o -
1.E+03 1.E+05 1.E+07 1.e+09 F-value

Black unevenness parts
--- (1s) : y = 0.0535x5-1691

— (4s) 1 y = 0.0217x0-2165

1.E+03 1.E+05 1.E+07 1.e+09 F-value

Fig. 3 The correlation between AY/Y and F-value.
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