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ABSTRACT. A non-photorealistic rendering method for automatically generating ripple
images from photographic images using region-division smoothing filter has been pro-
posed. Ripple patterns are composed of continuous lines with fluctuations, and ripple
images are expressed by superimposing ripple patterns on photographic images. The con-
ventional method has the features that the width of ripple patterns is constant. Therefore,
the visual effect of ripple images is improved by changing the width of ripple patterns ac-
cording to the change in the pizel values of photographic images. To change the width of
ripple patterns, we proposed a method for making the window size variable in the con-
ventional method. The image generated by our method is referred to as width-changing
ripple image. To verify the effectiveness of our method, we applied our method to vari-
ous photographic images and visually evaluated the appearance of those width-changing
ripple images. Additionally, we investigate the changes in width-changing ripple images
by changing the values of the parameters in our method.

Keywords: Non-photorealistic rendering, Ripple pattern, Smoothing filter, Changing
width, Automatic generation

1. Introduction. The technology for generating photorealistic CG (Computer Graphics)
[1] images is called photorealistic rendering, while the technology for generating non-
photorealistic CG images is called NPR (Non-Photorealistic Rendering). NPR imitates
human art expressions [2, 3] such as paintings and illustrations, and has computer-specific
expressions [4, 5] such as moire-like images and reaction-diffusion-pattern-like images. In
this paper, we focus on ripple images [6, 7, 8], which are NPR of computer-specific ex-
pressions. Ripple patterns are composed of continuous lines with fluctuations, and ripple
images are expressed by superimposing ripple patterns on photographic images. The con-
ventional method [6] is executed by an iterative process with intensity gradient and can
generate vertical and horizontal ripple patterns. The conventional method [7] is executed
by an iterative process with two smoothing filters using different regions in the window
(hereinafter referred to as region-divided smoothing filter) and can generate ripple pat-
terns in any orientation. The conventional method [8] is executed by an iterative process
using inverse filter [9] and circular-sector-type smoothing filter and can generate ripple
patterns in any orientation. However, ripple images generated by the conventional method
6, 7, 8] have the disadvantage of low preservation of photographic images because the
width of ripple patterns is constant over the entire image. To improve the visual effect
of ripple images, a method of extending the conventional method [7] to generate ripple
patterns in two orientations has been proposed [10].

In this paper, we propose a method to improve the visual effect of ripple images by
changing the width of ripple patterns. Hereinafter, the image generated by our method
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is referred to as width-changing ripple image. Our method is executed by changing the
window size in the conventional method [7] according to the pixel values of photographic
images. To verify the effectiveness of our method, experiments are conducted using various
photographic images, and it is clarified that the width of ripple patterns can be changed
according to the pixel values.

The rest of this paper is organized as follows. Section 2 describes our method for
generating width-changing ripple images. Section 3 shows experimental results and reveals
the effectiveness of our method. Finally, Section 4 concludes this paper.

2. Our Method. Our method is executed in three steps. In Step 1, the window sizes are
determined according to the position in photographic images. In Step 2, region-divided
smoothing filter with the window sizes obtained in Step 1 is applied. In Step 3, photo-
graphic images are converted using the values obtained in Step 2. By repeating Steps 2
and 3, width-changing ripple images are generated. A flow chart of our method is shown
in Figure 1.

Step 1: Determining window size

A4

,—> Step 2: Adapting region-divided smoothing filter

Iteration

v

I— Step 3: Converting photographic image

FiGURE 1. Flow chart of our method

The detailed procedure in Figure 1 is shown as follows.

Step 0: The input pixel values for spatial coordinates (7, j) of a gray-scale photograph-
ic image are defined as g¢; j, where i =1,2,..., T and j = 1,2,...,J. The pixel values
gi,; have value of U gradations from 0 to U — 1. Two window sizes for determining
the width of ripple patterns are defined as W; and W5, where W; < Wj.

Step 1: The pixel values f; ; obtained by applying smoothing filter to the gray-scale
photographic image are calculated as the following equation.

i+W W
" QW +1)?

where k and [ are the positions in the window and W = [(W; + W) /2|, where []
represents an operation for rounding to the nearest whole number. The average a; ;
of the pixel values f; ; in the window are calculated as the following equation.
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The variances v; ; of the pixel values f; ; in the window are calculated as the following
equation.
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Vij =
The variances v; ; are sorted in descending order, and the sorted orders of the vari-

ances v; j are s; ;. The window sizes W, ; at spatial coordinates (i, j) are calculated
as the following equation.

(4)
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where | | represents a decimal point truncation operator.

Step 2: The pixel values of the image at the t-th iteration number are defined as
fi(?, where fl(i) = fi;- The image fz(? is smoothed using two different regions in the
window of W, ; pixels. Smoothing is calculated as the average of the pixel values
included in each region. The two regions shown in Figure 2 are windows separated
by a straight line with a slope of 8 radian passing through the center of the window.
The pixels on the straight line are included in the two regions. The pixel values of

8] and s;f;j, respectively. The differences
(t)
1,

the two smoothed images are defined as s

dﬁ? between the pixel values of the smoothed images s;; ; and sgz] is calculated as

the following equation.

d() = ng] sgt)- : (5)
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F1GURE 2. Conceptual diagram of two regions in the window

Step 3: The differences dEtJ) are added to the pixel values g;; of the photographic

f(t—i-l

image, and the pixel values fz-(7 are updated to as the following equation.

f(Hl 9ij + dz(',tj (6)
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In case fi%H) is less than 0, then fi%H) must be set to 0. In case fi%H) is greater
than 255, then fi%H) must be set to 255. A width-changing ripple image is obtained
after Steps 2 and 3 of T' times iteration.

3. Experiments. We mainly conducted two experiments. First, the experiment with
changing the values of the parameters in our method was conducted using Woman image
shown in Figure 3. Second, the experiment with various photographic images shown in
Figure 4 was conducted. All photographic images used in the experiments are 1024 x 1024
pixels and 256 gradations.

FIGURE 4. Various photographic images

3.1. Experiment with changing parameters. Width-changing ripple images by chan-
ging the iteration number T" were visually confirmed using Woman image. The iteration
number 7" was set to 10, 20, 50, and 100. Other parameters Wy, W5, and 6 were set to
3, 11, and 0, respectively. The results of the experiment are shown in Figure 5. As the
value of the iteration number 7" was larger, width-changing ripple patterns became clear
and converged.

FI1GURE 5. Width-changing ripple images in the case of the iteration num-
ber T' = 10, 20, 50, and 100
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Width-changing ripple images by changing the window size W; were visually confirmed
using Woman image. The window size W was set to 2, 3, 4, and 5. Other parameters
T, Wy, and 6 were set to 100, 11, and 0, respectively. The results of the experiment are
shown in Figure 6. As the value of the window size W; was smaller, the width of ripple
patterns in the region where the change of pixel values was large became narrower.

F1GURE 6. Width-changing ripple images in the case of the window size
Wi =2,3,4,and 5

Width-changing ripple images by changing the window size W5 were visually confirmed
using Woman image. The window size W5 was set to 9, 10, 11, and 12. Other parameters
T, Wi, and 6 were set to 100, 3, and 0, respectively. The results of the experiment are
shown in Figure 7. As the value of the window size W5 was larger, the width of ripple
patterns in the region where the change of pixel values was small became wider.

FicUure 7. Width-changing ripple images in the case of the window size
Wy =9, 10, 11, and 12

Width-changing ripple images by changing the orientation 6 were visually confirmed
using Woman image. The orientation 6 was set to (1/6)w, (1/3)7, (1/2)7, and (2/3)7.
Other parameters T', Wy, and W5 were set to 100, 3, and 11, respectively. The results of
the experiment are shown in Figure 8. Depending on the value of the orientation 6, the
orientation of width-changing ripple patterns was changing.

3.2. Experiment using various photographic images. Our method was applied to
four photographic images shown in Figure 4. The parameters 7', Wy, W5, and 0 were set
to 100, 3, 11, and 0, respectively. The results of the experiment are shown in Figure 9. In
all cases, our method can automatically generate width-changing ripple patterns on the
whole image. In other words, width-changing ripple patterns were expressed finely in the
areas such as the edges of photographic images where the pixel values changed greatly,
and were expressed larger in the areas where the pixel values changed little.

The average of the absolute differences in pixel values between the photographic images
and the ripple image (hereinafter referred to as average difference) was calculated. The
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Ficure 8. Width-changing ripple images in the case of the orientation
0= (1/6)m, (1/3)m, (1/2)7, and (2/3)7
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FIGURE 9. Various width-changing ripple images

smaller the average difference is, the better the preservation of the photographic image
is evaluated in the ripple image. The average differences of four width-changing ripple
images in Figure 9 generated by our method were 64.813, 79.058, 87.387, and 73.778 from
the left. On the other hand, the average differences of four ripple images generated by
the conventional method [7] from photographic images in Figure 4 were 71.981, 88.258,
94.131, and 78.358 from left to right. At this time, the window size of the conventional
method [7] was set to 7, which is an intermediate value between the window sizes W, and
W5 of our method used to generate ripple images in Figure 9. Since our method has these
smaller average differences than the conventional method [7], it is a good possibility that
our method can generate ripple images with higher photographic image preservation than
the conventional method [7].

Width-changing ripple images can be used on SNS (Social Networking Service) and web
pages. More specifically, width-changing ripple images can be used as profile icons on SNS
or as backgrounds on web pages. Furthermore, it is also possible to use width-changing
ripple images as print designs on T-shirts.

4. Conclusions. We proposed a non-photorealistic rendering method for generating wid-
th-changing ripple images from photographic images. Our method was executed by an it-
erative process with region-divided smoothing filter with changing the window size accord-
ing to the pixel values of photographic images. To verify the effectiveness of our method,
experiments were conducted using Woman image and other photographic images. As a
result of the experiments, it was clarified that our method can change the width of ripple
patterns according to the pixel values.

A subject for future study is to expand our method for application to color photographic
images and videos.
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