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GENERATION OF MOIRE-LIKE IMAGES USING BEZIER SURFACES
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Abstract. A non-photorealistic rendering method to automatically generate moire-like
images from photographic images has been proposed. Moire-like patterns are expressed by
smooth curve, and moire-like images are a composite of moire-like patterns into photo-
graphic images and have a fantastic impression. Moire-like images emphasize the stair-
casing effect of bilateral filter, and it is conceivable to generate moire-like images by using
another filter that the staircasing effect occurs. Therefore, methods have also been pro-
posed to generate moire-like images by emphasizing the staircasing effect of Gaussian fil-
ter or trilateral filter. In this paper, we develop a method to automatically generate moire-
like patterns that are different from the conventional methods. The proposed method gen-
erates moire-like images by using the staircasing effect of smoothed photographic images
using Bezier surfaces. Since there are several parameters in the proposed method, we
investigated through experiments how moire-like patterns are generated by changing the
value of each parameter change. The proposed method was also applied to various pho-
tographic images. Through the experiments, it was found that the proposed method can
generate moire-like patterns different from the conventional methods.
Keywords: Non-photorealistic rendering, Moire-like pattern, Bezier surface, Automatic
generation

1. Introduction. A non-photorealistic rendering [1, 2, 3, 4] method by image processing
[5] has been proposed to automatically generate moire-like images [6] from photographic
images by using the staircasing effect [7, 8] (stair-step shading) of bilateral filter [9, 10],
which preserves and smoothes the edges of the images. Moire-like images generated by the
conventional method [6] are a kind of op art [11], in which moire-like patterns are generated
in photographic images, and have a fantastic impression. Op art is a genre of painting that
gives a special visual effect based on the perceptual psychological mechanism of optical
illusions. Moire-like images can be used as special effects for TV, magazines, SNS (social
networking service) and websites. By changing the expression of moire-like patterns, it is
thought that moire-like images with different impressions can be generated and the range
of utilization of moire-like images will expand. Therefore, methods [12, 13] have been
proposed to generate moire-like images by using other filters that cause the staircasing
effect. In [12, 13], Gaussian filter and trilateral filter were respectively used to generate
moire-like patterns with different textures from the conventional method [6]. The intervals
of moire-like patterns generated by the conventional methods [6, 12, 13] vary depending
on the shade of photographic images.
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In this paper, we develop a method to automatically generate moire-like patterns that
is different from the conventional methods. The proposed method uses the staircasing
effect smoothed photographic images using Bezier surfaces to generate moire-like images.
Moire-like patterns of the proposed method are expressed by curves at equal intervals as
compared with those of the conventional methods [6, 12, 13]. An experiment with various
photographic images was conducted to visually confirm moire-like patterns generated by
the proposed method. Additionally, an experiment was conducted to visually confirm the
changes in moire-like patterns generated by changing the values of the parameters in the
proposed method.
This paper is organized as follows: the second section describes the proposed method

for generating moire-like images from photographic images using Bezier surfaces, the third
section shows experimental results and reveals the effectiveness of the proposed method,
and the conclusion of this paper is given in the fourth section.

2. Proposed Method. The proposed method is implemented in three steps: in Step 1,
a photographic image is smoothed using Bezier surfaces; in Step 2, pseudo contour lines
generated by the staircasing effect are emphasized from the smoothed image; and in Step
3, a moire-like image is generated by combining the photographic image and the pseudo
contour lines. A flow chart of the proposed method is shown in Figure 1.

Figure 1. Flow chart of the proposed method

Details of the procedure in Figure 1 are explained below.

Step 0: The input pixel values for spatial coordinates (i, j) (i = 0, 1, 2, . . . , I − 1;
j = 0, 1, 2, . . . , J − 1) of a gray-scale photographic image are defined as fi,j. The
pixel values fi,j have value of U gradation from 0 to U − 1.

Step 1: The pixel values f
(t−1)
i,j are smoothed to the pixel values f

(t)
i,j using Bezier

surfaces. The pixel values of the image at the t-th iteration number are defined

as f
(t)
i,j , where f

(0)
i,j = fi,j. The pixel values f

(t)
i,j are of floating point type, and are

calculated by the following equations:

f
(t)
i,j =

2W∑
k=0

2W∑
l=0

f
(t−1)
i+k−W,j+l−WBkBl (1)

Bk =
(2W )!

k!(2W − k)!
0.52W (2)
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Bl =
(2W )!

l!(2W − l)!
0.52W (3)

where W is the window size, and k and l are the positions in the window. This
iterative calculation is repeated T1 times.

Step 2: The pixel values f
(T1)
i,j are defined as s

(0)
i,j , where s

(0)
i,j are of integer type. The

pixel values that emphasize the pseudo contour line from the smoothed pixel val-

ues s
(t−1)
i,j are defined as g

(t)
i,j . The pixel values g

(t)
i,j are calculated by the following

equations:

g
(t)
i,j =

2W∑
k=0

2W∑
l=0

s
(t−1)
i+k−W,j+l−WBkBl (4)

Bk =
(2W )!

k!(2W − k)!
0.52W (5)

Bl =
(2W )!

l!(2W − l)!
0.52W (6)

The pixel values s
(t)
i,j are calculated by the following equation,

s
(t)
i,j = a

(
s
(t−1)
i,j − g

(t)
i,j

)
+ s

(t−1)
i,j (7)

where a is a positive constant. In case s
(t)
i,j is less than 0, then s

(t)
i,j must be set to 0.

In case s
(t)
i,j is greater than U − 1, then s

(t)
i,j must be set to U − 1. The difference d(t)

is calculated by the following equation,

d(t) =

∑I−1
i=0

∑J−1
j=0

∣∣∣s(t)i,j − s
(t−1)
i,j

∣∣∣
IJ

(8)

This iterative calculation is performed until the difference d(t) is small. The difference
d(t) becomes smaller as the iteration number increases. When the difference d(t)

becomes smaller than D, this process ends, and the iteration number when this
process ends is T2. When the value of D is increased, the iteration number T2 is
reduced and the calculation cost is reduced. On the other hand, if the value of D is
increased, moire-like patterns are not generated in the entire image.

Step 3: The pixel values fi,j of the photographic image and the pixel values s
(T2)
i,j of the

images obtained in Step 2 are combined by the following equation. The combined
pixel values are defined as hi,j.

hi,j =
fi,j + s

(T2)
i,j

2
(9)

The image composed of the pixel values hi,j is the moire-like image of the proposed
method.

3. Experiments. We conducted two experiments: in the first experiment, the changes in
moire-like patterns generated when the values of the parameters in the proposed method
were changed were visually confirmed, and in the second experiment, the proposed method
was applied to various photographic images. The first experiment used Woman image
shown in Figure 2, and the second experiment used four photographic images shown in
Figure 3. All photographic images used in the experiments were 512 ∗ 512 pixels and 256
gradation. Unless otherwise noted in the following experiments, the parameter D was set
to 5. The reason for setting D to 5 is that moire-like patterns could be generated in the
entire image throughout the experiments.
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Figure 2. Woman image

Figure 3. Various photographic images

3.1. Experiment with changing parameters. Moire-like images by changing the it-
eration number T1 were visually confirmed using Woman image. The iteration number
T1 was set to 10, 40, 70 and 100. The other parameters W and a were set to 7 and 7,
respectively. The results of the experiment are shown in Figure 4. The larger the value
of T1, the less the curvature of the moire-like patterns and the smoother the moire-like
patterns.

(a) T1 = 10 (b) T1 = 40 (c) T1 = 70 (d) T1 = 100

Figure 4. Moire-like images for T1 = 10, 40, 70 and 100

Moire-like images by changing the window sizeW were visually confirmed using Woman
image. The window size W was set to 1, 4, 7 and 10. The other parameters T1 and a
were set to 70 and 7, respectively. The results of the experiment are shown in Figure 5.
The larger the value of W , the larger the interval between the moire-like patterns.
Moire-like images by changing the parameter a were visually confirmed using Woman

image. The parameter a was set to 1, 4, 7 and 10. The other parameters T1 and W were
set to 70 and 7, respectively. The results of the experiment are shown in Figure 6. There
was no significant change in the moire-like patterns depending on the value of a. However,
The values of T2 were 10, 6, 5 and 4 when the values of a were 1, 4, 7 and 10, respectively,
and it was found that the larger the value of a, the smaller the value of the iteration
number T2.
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(a) W = 1 (b) W = 4 (c) W = 7 (d) W = 10

Figure 5. Moire-like images for W = 1, 4, 7 and 10

(a) a = 1 (b) a = 4 (c) a = 7 (d) a = 10

Figure 6. Moire-like images for a = 1, 4, 7 and 10

3.2. Experiment using various photographic images. The proposed method was
applied to four photographic images shown in Figure 3. Since it was easy to see moire-
like patterns in the privious experiments using Woman image with 512 ∗ 512 pixels, the
parameters T1,W and a were set to 70, 7 and 7, respectively. The results of the experiment
are shown in Figure 7. All moire-like images could be automatically generated according
to the change of the edges and the shading in photographic images. Additionally, moire-
like patterns of the proposed method could be expressed by curves at equal intervals
as compared with those of the conventional methods, and the proposed method could
generate moire-like patterns with different textures from the conventional methods.

Figure 7. Various moire-like images

4. Conclusions. We developed a non-photorealistic rendering method to automatical-
ly generate moire-like patterns that are different from the conventional methods. The
proposed method generated moire-like images by using the staircasing effect of smoothed
photographic images using Bezier surfaces. Through experiments using Woman image and
other photographic images, the proposed method could automatically generate moire-like
images according to the change of the edges and the shading in photographic images. And,
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the proposed method could change the interval and smoothness of moire-like patterns by
adjusting the values of the parameters. And, in the proposed method, the intervals be-
tween moire-like patterns were relatively equal compared to the conventional methods.
A subject for future study is to expand the proposed method for application to color

photographic images and videos.
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