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Abstract. A non-photorealistic rendering method has been proposed to generate moire-

like images from photographic images using bilateral filter and unsharp mask. In recent

years, stereo cameras mounted on smartphones have appeared, and it will be more acces-

sible to obtain RGB-D images with RGB values and the depth in the future. Therefore,

we develop a method for generating moire-like images from RGB-D images. As this time,

the depth is incorporated into bilateral filter. As a result, it is possible to generate moire-

like patterns having a texture different from that of the related art, thereby expanding the

range of use according to the user’s preference. We visually confirm moire-like images

generated by the proposed method through experiments using RGB-D images obtained by

the stereo camera.
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1. Introduction. Bilateral filter [1, 2] that performs smoothing and preserves the edges
of images has recently attracted attention, and has been used in a wide range of fields
such as image processing [3, 4, 5] and computer graphics [6, 7]. It is known that a process
of bilateral filter produces a staircasing effect [8, 9] of stepwise changes in shading. When
bilateral filter is applied, a pseudo-contour line is generated due to the staircasing effect,
so [8] has been conducted to eliminate the pseudo-contour line. On the other hand, a
non-photorealistic rendering method has been proposed that generates moire-like images
[10, 11] from photographic images by using unsharp mask to emphasize the pseudo-contour
line. Moire-like images are a type of op art expressed by superimposing moire-like patterns
on photographic images. A method [12] to move moire-like patterns and a method [13]
to generate moire-like patterns at high speed have also been proposed.

In recent years, with the emergence of smartphones equipped with a stereo camera and
the ability to obtain the depth, we develop a method for generating moire-like images
from RGB-D images with RGB values and the depth. By using the depth, the types
of expressions of moire-like images are increased, and moire-like images can be selected
according to the user’s preference and usage scene. The proposed method extends the
conventional method [10, 11] by adding the depth to bilateral filter. As a result, moire-
like patterns having different textures are generated between moire-like images of the
proposed and conventional methods, and moire-like images of the proposed method are
expressed in more distorted moire-like patterns than moire-like images of the conventional
method. To verify the effectiveness of the proposed method, we performed experiments
using RGB-D images taken with the stereo camera, and visually confirmed the change
of moire-like images generated by changing the value of a parameter newly added to the
proposed method. In addition, we visually compared moire-like images of the proposed
and conventional methods.
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This paper is organized as follows: the second section describes the proposed method for
generating moire-like images from RGB-D images, 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 executed in two steps: the first step
is to process using bilateral filter embedded the depth, and the second step is to process
using unsharp mask. 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 (R,G,B) and the depth for spatial coordinates (i, j)
of an RGB-D image are defined as fR,i,j , fG,i,j, fB,i,j , and fD,i,j, respectively. The
pixel values fR,i,j , fG,i,j, and fB,i,j have value of U gradation from 0 to U−1, and the
depth fD,i,j is stored in cm. Then, the pixel values of the image at the t-th iteration

number are defined as f
(t)
R,i,j , f

(t)
G,i,j, and f

(t)
B,i,j, where f

(0)
R,i,j = fR,i,j , f

(0)
G,i,j = fG,i,j, and

f
(0)
B,i,j = fB,i,j .
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depth are calculated by the following equations.
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where W is the window size, α, β, and γ are positive constants, and k and l are the
positions in the window. In Equations (1), (2), and (3), the term of−γ(fD,i,j−fD,k,l)

2

is added to the coefficient of exponential function in the proposed method. The larger
the value of γ is, the more different moire-like patterns from the conventional method
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are generated. As the value of γ is 0, the same moire-like patterns as the conventional
method are generated. The process of Step 1 is repeated T1 times.

Step 2: The pixel values f
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respectively. The output pixel values g
(t)
R,i,j, g

(t)
G,i,j, and g

(t)
B,i,j in unsharp mask using

bilateral filter are calculated by the following equations.
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moire-like image.

3. Experiments. We conducted two experiments. The first experiment was to visually
examine the changing moire-like patterns by changing the value of the parameter γ newly
added by the proposed method. The second experiment visually compared moire-like
patterns of the proposed and conventional methods.

RGB-D images were obtained using ZED stereo camera. In the following experiments,
two RGB-D images shown in Figure 2 and Figure 3 were used. Figure 2 shows two people
in the vicinity, and Figure 3 shows two people in the distance. The left sides of Figure
2 and Figure 3 are RGB images, and the right sides of Figure 2 and Figure 3 are depth
images. In depth images, the brighter the region in depth images, the deeper the depth.
Two RGB-D images used in the experiments were 1280 ∗ 720 pixels and 256 gradation.

In reference to [10, 11], the values of the parameters α, β, W , T1, and T2 used in all
experiments were set to 0.01, 0.01, 20, 10, and 20, respectively. The smaller the value of
the parameter α, the larger the spacing between moire-like patterns. The smaller the value
of the parameter β, the less areas where moire-like patterns do not occur and moire-like

(a) RGB image (b) Depth image

Figure 2. RGB-D image (Near view)
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(a) RGB image (b) Depth image

Figure 3. RGB-D image (Distant view)

patterns become clearer. On the other hand, when the value of the parameter β becomes
small, the shape of photographic images is not preserved and it becomes difficult to recall
photographic images from moire-like images. The larger the value of the parameter W ,
the larger the spacing between moire-like patterns and the more areas where moire-like
patterns do not occur. The smaller the value of the parameter T1, the narrower the spacing
between moire-like patterns and the finer curve. The larger the value of the parameter
T2, the clearer moire-like patterns.

3.1. Experiment changing the value of the parameter γ. We examined the change
in moire-like patterns generated by changing the value of the parameter γ to 0.01, 0.10,
1.00, and 10.00. Moire-like images generated from RGB-D images of Figure 2 and Figure
3 are shown in Figure 4 and Figure 5, respectively. From Figure 4 and Figure 5, it was
found that as the value of the parameter γ was larger, moire-like patterns were emphasized
and were more distorted. In addition, it was also found that the larger the change in the
depth, the greater the distortion of moire-like patterns. The value of the parameter γ

may be changed according to the user’s preference and usage scene.

(a) γ = 0.01 (b) γ = 0.10

(c) γ = 1.00 (d) γ = 10.00

Figure 4. Moire-like images (Near view)
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(a) γ = 0.01 (b) γ = 0.10

(c) γ = 1.00 (d) γ = 10.00

Figure 5. Moire-like images (Distant view)

3.2. Comparison experiment with the conventional method. We visually com-
pared moire-like images of the proposed and conventional methods. Moire-like images
generated from RGB images of Figure 2 and Figure 3 by the conventional method are
shown in Figure 6. From Figure 4, Figure 5, and Figure 6, it was found that moire-like
images of the proposed method were expressed in more distorted moire-like patterns than
moire-like images of the conventional method. In addition, it was also found that moire-
like patterns of the conventional method were slightly angular, but moire-like patterns of
the proposed method were expressed more smoothly.

(a) Near view (b) Distant view

Figure 6. Moire-like images of the conventional method

4. Conclusions. We proposed a method for changing the shape of moire-like patterns
in moire-like images by using RGB-D images. The proposed method added the depth to
the coefficient of bilateral filter. To verify the effectiveness of the proposed method, we
performed experiments using RGB-D images obtained by the stereo camera. As this time,
we visually examined the change in moire-like patterns generated by changing the value
of the parameter newly added by the proposed method. As a result of the experiments, it
was found that spatial distortion can be adjusted by changing the value of the parameter.
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In addition, it was found that moire-like images different from the conventional method
with more distorted moire-like patterns can be generated.
The future task is to apply the proposed method to more RGB-D images, although this

paper applied the proposed method to two types of RGB-D images.
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