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ABSTRACT. A non-photorealistic rendering method has been proposed to generate moire-
like images from photographic images using bilateral filter. Moire-like patterns are ex-
pressed by smooth curve, and moire-like images have a fantastic impression. By changing
the expression of moire-like patterns, it is thought that moire-like patterns with a differ-
ent impression will be generated. We propose a method for changing the complexity of
moire-like patterns using Fuclidean distance from the edge of photographic images. We
conducted experiments using various photographic images, and visually confirmed the
shape of moire-like patterns. The experimental results show that our method can gener-
ate more complicated moire-like patterns than the conventional method.

Keywords: Moire-like image, Euclidean distance from edge, Bilateral filter, Automatic
generation

1. Introduction. Many studies [1, 2, 3, 4] have been conducted on non-photorealistic
rendering using image processing [5]. Among them, a non-photorealistic rendering method
has been proposed to generate moire-like images [6, 7, 8] from photographic images using
the staircase effect [9, 10] of bilateral filter [11, 12]. Moire-like images are a kind of
op art. Op art is a genre of paintings calculated to give special visual effects based on
the perceptual psychological mechanism of optical illusion. The conventional methods are
characterized in that the direction and interval of moire-like patterns can be automatically
adapted according to the edge and gradation of photographic images. Moire-like patterns
generated by the conventional methods are expressed by smooth curve, and moire-like
images have a fantastic impression. Furthermore, by changing the shape of moire-like
patterns, the impression of moire-like images can be changed, and the application of
moire-like images can be expanded.

In this paper, we propose a method for changing the shape of moire-like patterns us-
ing Euclidean distance from the edge of photographic images. Moire-like patterns of
our method become more complicated than those of the conventional methods, and then
moire-like images of our method have an impression different from those of the conven-
tional methods. In order to verify the effectiveness of our method, experiments using
Lenna image were conducted to visually investigate how moire-like patterns change by
changing the values of the parameters of our method. In addition, experiments using
various photographic images were conducted to examine moire-like images. As a result of
the experiments, it is clarified that our method can generate more complicated moire-like
patterns than the conventional methods.

A method [13] for generating moire-like patterns close to those of our method has
been proposed by a method similar to our method. Since the conventional method [13]
uses RGB-D images, a camera capable of acquiring depth such as a stereo camera is
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required. On the other hand, our method does not require a special camera that can
acquire depth. And, a method [14] for generating moire-like patterns different from those
of the conventional methods [6, 7, 8] has also been proposed, but our method can generate
moire-like patterns different from those of the conventional method [14]. In addition,
although our method adds the Euclidean distance coefficient to bilateral filter, a study [15]
is also being conducted to generate moire-like images by adding the gradients to bilateral
filter. However, the conventional method [15] generates moire-like patterns similar to
those of the conventional methods [6, 7, 8.

This paper is organized as follows: the second section describes our method for gener-
ating moire-like images different from the conventional method, the third section shows
experimental results and reveals the effectiveness of our method, and the conclusion of
this paper is given in the fourth section.

2. Our Method. The conventional methods [6, 7, 8] are executed in two steps: the first
step is processing using bilateral filter, and the second step is processing using unsharp
mask. Our method adds Euclidean distance from the edge of photographic images to the
coefficient of bilateral filter in the first step of the conventional methods. A flow chart of
our method is shown in Figure 1.

Iteration Bilateral filter with coefficient on Euclidean distance

\ 4

Iteration Unsharp mask using bilateral filter

G /4

FiGURE 1. Flow chart of our method

Details of the procedure of our method are explained below.

Step 0: The input pixel values for spatial coordinates (7, j) of a photographic image
are defined as f; ;. The pixel values fi(? of the image at the ¢-th iteration number
have value of 256 gradation from 0 to 255, where fi(,(])') = fij

Step 1: The edge is extracted from the photographic image using EDISON [16] that

is a feature extraction tool that integrates edge detection and image segmentation.
The shortest Euclidean distances d; ; to the edge pixels are calculated at each pixel.

The output pixel values f in bilateral filter with the coefficient on the shortest
Euclidean distances d; ; are Calculated by the following equation.
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where W is the window size, a, § and -y are positive constants, and k and [ are the
positions in the window. In Equation (1), the term of —v(d;; — di;)* is added to
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the coefficient of exponential function in our method. The larger the value of ~, the
more different moire-like patterns from the conventional method are generated. As
the value of v is 0, the same moire-like patterns as the conventional methods are
generated. The processing of Step 1 is repeated 77 times.

Step 2: Let pixel values fgl) be gi(f)j). The output pixel values g
using bilateral filter are calculated by the following equation.
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where a is a positive constant. If gZ(tJ) is less than 0, then gz(tj) must be set to 0. If gz(tj)

is greater than 255, then gl(tj) must be set to 255.
The processing of Step 2 is repeated T5 times, and then an image composed of the

pixel values ggz) is the moire-like image of our method.

3. Experiments. Two experiments were conducted to verify the effectiveness of our
method. In the first experiment, the value of the parameter v was changed to visually
confirm moire-like patterns using Lenna image shown in Figure 2. In the second exper-
iment, our method was applied to various photographic images. All images used in the
experiments were 512 * 512 pixels and 256 gradation. In reference to [6, 7, 8], the values
of the parameters a, a, #, W, T} and T5 used in all experiments were set to 2.0, 0.01,
0.01, 20, 20 and 10, respectively. For reference, the image that extracted the edge from

P 4

{ %
| \\\fé//é/

dge-extracted image (b) Distance-calculated image

S
~—
=

FIGURE 3. Edge-extracted image and distance-calculated image
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Lenna image is shown in Figure 3(a), and the image that Euclidean distance is calculated
from the edge is shown in Figure 3(b).

Moire-like images by changing the parameter vy were visually confirmed using Lenna
image. The value of the parameter v was set to 0.1, 1.0 and 10.0. The results of the
experiment are shown in Figure 4. Observing Figure 4 and [6, 7, 8], our method could
generate finer moire-like patterns than the conventional method. And, as the value of ~
was larger, moire-like patterns were generated along the edge. The value of v may be set
according to the usage.

(a) y=0.1 “

FIGURE 4. Moire-like images in the case of v = 0.1, 1.0 and 10.0

Our method was applied to six photographic images shown in Figure 5. The value
of the parameter v was set to 0.1. The results of the experiment are shown in Figure

(e) Lighthouse

FIGURE 5. Various photographic images
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(d) Lax (e) Lighthouse (f) Woman

FIGURE 6. Moire-like images generated from various photographic images

6. Observing Figure 6 and [6, 7, 8], in all moire-like images, moire-like patterns of our
method were more complicated than those of the conventional method. However, moire-
like patterns could not be generated in the white region in the lower part of Figure 6(e).
Even in the conventional method, moire-like patterns were not generated in the white
area. It is necessary to devise to add some noise to the white region.

4. Conclusions. We proposed a method for changing the shape of moire-like patterns of
moire-like images. Our method added Euclidean distance from the edge of photographic
images to the coefficient of bilateral filter. We conducted two experiments to verify the
effectiveness of our method. In the first experiment, the value of the parameter v added to
the coefficient of bilateral filter was changed to visually confirm moire-like patterns using
Lenna image. In the second experiment, our method was applied to various photographic
images. As a result of the experiments, it was clarified how to change moire-like patterns
by changing the value of 7. Also, it was clarified that our method can generate more
complicated moire-like patterns than the conventional methods.
The future task is to express more impressively by moving moire-like patterns.
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