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ABSTRACT. This paper presents a mon-photorealistic rendering method for generating
arbitrarily-oriented spray-tile images from photographic images. Arbitrarily-oriented spr-
ay-tile images are mainly composed on spray-tile patterns in a certain orientation. The
proposed method uses a window similar to the window centered on the target pizel in the
vicinity of the target pizel. The proposed method can automatically generate arbitrarily-
oriented spray-tile images, and can express changes in brightness of photographic images.
In addition, the proposed method allows the user to arbitrarily change the orientation of
spray-tile patterns. The performance of the proposed method was clarified by conducting
experiments on the parameters in the proposed method.

Keywords: Non-photorealistic rendering, Arbitrarily orientation, Spray tile, Similar
window

1. Introduction. Various NPR (non-photorealistic rendering) methods have been devel-
oped [1, 2, 3,4, 5, 6, 7]. Images generated by NPR can be appealed to human perception.
There are NPRs that imitate the existing drawing techniques such as oil painting and pen-
cil drawing, imitate the style of painting such as Vincent Willem van Gogh and Claude
Monet, and express art materials on which pictures are drawn such as canvas and pa-
pers. In this paper, we focus on NPR expressing art materials. As NPR expressing art
materials, studies have been conducted: the study on generation of canvas textures by
sampling and interpolation of pixels of photographic images [8], the study on generation
of paper-mosaic images taking account of thickness and texture of papers on the basis
of the emboss-filtered images of the overlapped pieces of papers and paper’s texture [9],
and the study on generation of concrete-wall textures by autocorrelation coefficient and
inverse filter [10].

We especially focus on the expressions as drawn on the spray tile shown in Figure 1,
and develop an NPR method for automatically generating arbitrarily-oriented spray-tile
(AOST) images from photographic images. Spray tile is a tile mainly used for exterior,
and has an uneven pattern on the surface. Spray-tile images represent spray-tile patterns
on photographic images. AOST images are mainly composed on spray-tile patterns in a
certain orientation, which can be arbitrarily changed by users. Our method is implement-
ed by two-step iterative calculation: the first step uses the orientation from the target
pixel to the center pixel of the window similar to the window centered on the target pixel,
and the second step uses inverse filter [11, 12]. A number of studies have been conducted
using similar windows through the whole image [13, 14], although not within the window
centered on the target pixel. Liu and Wu [13] applied similar windows to denoising, and
Jurio et al. [14] applied similar windows to image inpainting. Our method is easy to pro-
cess and easy to implement. In addition, our method can express changes in brightness
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Ficure 1. Example of spray tile

of photographic images, and can change the size and orientation of spray-tile patterns
by changing the parameter values. We conducted experiments with different parameter
values to evaluate the effectiveness of our method, and confirmed that our method can
change the size and orientation of spray-tile patterns arbitrarily.

This paper is organized as follows: the second section describes our method for gener-
ating AOST images, the third section shows experimental results and reveals the effec-
tiveness of our method, and the conclusion of this paper is given in the fourth section.

2. Our Method. Our method is executed in two steps: the first step is to process using
the window similar to the window centered on the target pixel, and the second step is to
process using inverse filter which is calculated by a procedure that restores an image by
a process to an original image. AOST images are generated by repeatedly calculating the
processes of the first and second steps. That is, AOST patterns are generated by stacking
the restoration errors when the image transformed by the first process is restored by the
second process. Our method does not perform particularly difficult process, so it is easy
to implement. A flow chart of our method is shown in Figure 2.

I—» Step 1: Processing using similar window

Iteration

Y

|— Step 2: Processing using inverse filter

FiGURE 2. Flow chart of our method

Details of the procedure in Figure 2 are explained below.

Step 0: Let the input pixel values on coordinates (i,j) of a gray-scale photographic
image be f; ;. The pixel values f; ; have value of U gradation from 0 to U — 1. Let

the pixel values of the t-th iteration be fi(,? , where fi(,(;) = fij-
Step 1: The differences dit;kl between the pixel values in the windows centered on the
target pixel (4,7) and the peripheral pixel (k,[) are computed as follows.

d(t) B w w
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ICIC EXPRESS LETTERS, VOL.15, NO.2, 2021 145

where W is the window size, and m and n are the positions in the window. The
larger the values of the window size W, the larger the size of spray-tile patterns.
For all pixels contained in the window of size W centered on the target pixel (i, 7),

the differences dgtj). ., are calculated, and let the coordinates of the minimum value

(®)

among the differences dg])',k,l be (kij,li ;). The values g;

(¢,7) and (k; ;,1; ;) are calculated as follows.

using coordinate values

iy — i | lij — g
gz(tj) = g sin(0) + g _J cos(6) (2)
Vg =P+ (1 — ) Vg — i+ (g — 5
where 6 is an angle [radian], and AOST images in which spray-tile patterns are
rotated by 6 radian from the horizontal orientation can be generated. The values

hz(t]) using the values gl(t]) are calculated as follows.

EA p S

Step 2: The pixel values fz(? are computed using inverse filter as follows.
t t—1 t

fi(,j) = fz(] ) — hgg) + fu (4)

where in case fi%) is smaller than 0, fi%) must be set to 0. In case fi(,? is greater than

U-—-1, fi(;) must be set to U — 1.
The processes of Step 1 and Step 2 are repeated T' times. An image composed of
the pixel values fi(j-) is the AOST image.

(3)

3. Experiments. We mainly conducted two experiments: the first experiment with
changing the parameter values in our method was conducted using Lenna image shown in
Figure 3, and the second experiment was conducted to visually verify that AOST images
can be generated using four photographic images shown in Figure 4. All photographic
images used in the experiments were 512 % 512 pixels and 256 gradation. Since AOST

FIGURE 3. Lenna image

FI1GURE 4. Various photographic images
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images converge and stop changing, the value of the iteration number 7" was set to 10 in
all experiments.

3.1. Experiments with different parameter values. We visually confirmed AOST
images changed the value of the window size W using Lenna image. We set the value of
W to 1, 2, 3 and 4, and set the value of # to 0.0. The results of the experiment with
changing the value of W are shown in Figure 5. As the value of W was larger, spray-tile
patterns became larger and it became difficult to visually recognize Lenna image. The
value of W may be set according to the application of the user.

FiGure 5. AOST images generated by changing the value of the window
size W

We visually confirmed AOST images changed the value of the angle # using Lenna
image. We set the value of 6 to 7/6, 7/3, m/2 and 27/3, and set the value of W to 2. The
results of the experiment with changing the value of 6 are shown in Figure 6. Depending
on the value of 6, the orientation of spray-tile patterns is changing. The value of # may
be set according to the application of the user.

FiGURE 6. AOST images generated by changing the value of the angle 0

3.2. Experiments using various photographic images. We applied our method to
four photographic images shown in Figure 4. Since spray-tile patterns were visually rec-
ognized well in the previous experiments, we set the values of the parameters W and
0 to 2 and 0.0, respectively. The results of the experiment are shown in Figure 7. In
all AOST images, spray-tile patterns could be automatically generated, and could be ex-
pressed changes in brightness of photographic images. However, it was difficult to generate
AOST patterns in the white areas such as ‘upper center and bottom of the third image’
and ‘lighthouse and roof in the fourth image’ in Figure 7. To generate AOST patterns in
the white areas as well, it is necessary to add noise, such as Gaussian noise, to the white
areas of photographic images. AOST images generated by our method had a completely
different texture from NPR images generated by the conventional methods [8, 9, 10], and
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Ficure 7. AOST images

our method had the advantage of being able to control the orientation of AOST patterns
compared to the conventional methods.

4. Conclusions. We developed an NPR method for generating AOST images from gray-
scale photographic images. Our method was executed by an iterative calculation using the
orientation to the similar window and inverse filter. The effectiveness of our method was
visually verified through experiments using Lenna image and various images. The exper-
imental results showed that our method can automatically generate spray-tile patterns,
can express changes in brightness of photographic images, and can arbitrarily change the
size and the orientation of spray-tile patterns by changing the parameter values. However,
it was difficult to generate AOST patterns in the white areas of photographic images.

A subject for future study is to be able to generate AOST patterns by adding Gaussian
noise or the like to the white areas of photographic images. Another task is to expand
our method for application to color photographic images, videos and three-dimensional
models.
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