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Abstract. This paper proposes a novel non-photorealistic rendering method for gen-

erating bubble images from gray-scale photographic images. Bubble images are non-

photorealistic images embedded in many bubbles. These bubble patterns are automatically

generated according to the density and contour of photographic images. The proposed

method is executed by an iterative calculation using additive and multiplicative averages

in different window sizes. As the number of the iterative calculation increases, bubble

patterns gradually appear. In order to verify the effectiveness of the proposed method,

experiments using Lenna image and other photographic images are conducted. In the

experiments, it is clarified how to change bubble patterns generated by varying the values

of the parameters in the proposed method.
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1. Introduction. From the 1990s, researches on non-photorealistic rendering (NPR)
have been actively conducted in academia and industry [1, 2, 3, 4, 5, 6, 7, 8]. NPR
is a computer graphics technique for generating non-photorealistic images such as oil
paintings and illustration drawings. Also, many NPRs using geometric patterns such as
lines and curves have been proposed [9, 10, 11, 12, 13]. Such NPR is utilized in the fields
of design, amusement, and entertainment. In recent years, many researches on NPR that
synthesized patterns seen in nature are conducted [14, 15, 16]. Many things in nature are
composed of visually distinct elements arranged in various distributions. For example,
reaction-diffusion images [14], cell images [15], and interference-ripple images [16] have
been proposed as such NPR in nature.

Focusing on NPR in nature, this paper proposes a novel method for generating bubble
images from gray-scale photographic images. Bubble images are non-photorealistic images
embedded in many bubbles. Bubble patterns consist of visually distinct separate bubbles
arranged in various distributions. NPR that generates bubble images cannot be found in
previous researches. If we give an image similar to bubble images, there are interference-
ripple images. The conventional method generates continuous ripple patterns, and the
proposed method generates partially divided bubble patterns. Therefore, these images
give different impressions. In addition, the conventional method has regions where it is
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difficult to generate interference-ripple patterns, but the proposed method can generate
bubble patterns on the whole image.
The proposed method is executed by an iterative calculation using additive and multi-

plicative averages in different window sizes, and then is simple to process. Therefore, the
proposed method is easy to implement in applications. By using the proposed method,
bubble patterns are automatically generated according to the density and contour of pho-
tographic images, and the size and density of bubble patterns can be changed by varying
the values of the parameters. In order to verify the effectiveness of the proposed method,
experiment using Lenna image is conducted by varying the values of the parameters in the
proposed method. The result of the experiment is an index when applying the proposed
method to various photographic images of different sizes and contents. In addition, ex-
periment using various photographic images other than Lenna image is done. As a result
of the experiments, it is revealed that the proposed method can automatically generate
bubble patterns according to the density and contour of photographic images.
The rest of this paper is organized as follows. Section 2 describes the proposed method

for generating bubble images. Section 3 shows experimental results, and reveals the
effectiveness of the proposed method. Finally, Section 4 concludes this paper.

2. Proposed Method. The proposed method generates bubble images by the iterative
calculation using additive and multiplicative averages in different window sizes. Photo-
graphic images are converted using the values calculated from the additive and multi-
plicative averages. The flow chart of the proposed method is shown in Figure 1. The
detailed procedure of the proposed method is shown as follows.

Step 0: The input pixel values for spatial coordinates (i, j) of a gray-scale photograph-
ic image are defined as fi,j. Then, the pixel values of the image at the t-th iteration

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

(1)
i,j = fi,j . The pixel values f

(t)
i,j have value of 256

gradation from 0 to 255.

Step 1: The additive averages a
(t)
1,i,j are calculated using pixels within window size W

around spatial coordinates (i, j) as the following equation.

a
(t)
1,i,j =

W
∑

k=−W

W
∑

l=−W

f
(t)
i+k,j+l

(2W + 1)2
(1)

Figure 1. Flow chart of the proposed method
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Similarly, the additive averages a
(t)
2,i,j are calculated by the window size W +1 as the

following equation.

a
(t)
2,i,j =

W+1
∑

k=−W−1

W+1
∑

l=−W−1

f
(t)
i+k,j+l

(2W + 3)2
(2)

The multiplicative averages m
(t)
1,i,j are calculated using pixels within window size W

around spatial coordinates (i, j) as the following equation.

m
(t)
1,i,j =

(

W
∏

k=−W

W
∏

l=−W

(

f
(t)
i+k,j+l − f

(t)
min,1,i,j + 1

)

)

1
(2W+1)2

+ f
(t)
min,1,i,j − 1 (3)

where f
(t)
min,1,i,j is the minimum pixel value in the window of size W . Similarly, the

multiplicative averages m
(t)
2,i,j are calculated by window size W + 1 as the following

equation.

m
(t)
2,i,j =

(

W+1
∏

k=−W−1

W+1
∏

l=−W−1

(

f
(t)
i+k,j+l − f

(t)
min,2,i,j + 1

)

)

1
(2W+3)2

+ f
(t)
min,2,i,j − 1 (4)

where f
(t)
min,2,i,j is the minimum pixel value in the window of size W + 1. The values

g
(t)
i,j are calculated from a

(t)
1,i,j, a

(t)
2,i,j, m

(t)
1,i,j, and m

(t)
2,i,j as the following equation.

g
(t)
i,j = a

(t)
1,i,j + a

(t)
2,i,j −m

(t)
1,i,j −m

(t)
2,i,j (5)

The larger the scatter of the pixel values in the window is, the larger the difference
between the additive and multiplicative averages becomes. On the other hand, the
smaller the scatter is, the closer the difference approaches zero. Therefore, as the

pixel values in the window are scattered, the values g
(t)
i,j become large. Furthermore,

as the scatter of the pixel values in the small and large windows is large, the values

g
(t)
i,j become large.

Step 2: The pixel values f
(t+1)
i,j are updated using the values g

(t)
i,j and the input pixel

values fi,j as the following equation.

f
(t+1)
i,j = fi,j + bg

(t)
i,j (6)

where b is a positive constant. If f
(t+1)
i,j is less than 0, then f

(t+1)
i,j must be set to 0.

If f
(t+1)
i,j is greater than 255, then f

(t+1)
i,j must be set to 255. The processing of Steps

1 and 2 is repeated T times, and then an image composed of the pixel values f
(T )
i,j is

the bubble image.

3. Experiments. Two experiments are conducted. The first experiment is visually con-
firmed bubble patterns by varying the values of the parameters in the proposed method
using Lenna image shown in Figure 2. The second experiment is visually confirmed bubble
images generated from other photographic images. All images used in the experiments
are 512 ∗ 512 pixels and 256 gradation. And, the iteration number T is set to 100 at
which bubble patterns were generated on the whole images.

First, bubble images by varying the window size W are confirmed visually using Lenna
image. The window size W is set to 1, 2, 3, and 4. The parameter b is set to 3.0. The
results of the experiment are shown in Figure 3. As the value of W is larger, the size of
bubble patterns becomes bigger. Then, as the value of W is smaller, the density of bubble
patterns increases and it is difficult to see the original image.
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Figure 2. Lenna image

(a) W = 1 (b) W = 2 (c) W = 3 (d) W = 4

Figure 3. Bubble images in the case of the window size W = 1, 2, 3, and 4

Next, bubble images by varying the parameter b are confirmed visually using Lenna
image. The parameter b is set to 2.5, 3.0, 3.5, and 4.0. The window size W is set to
2. The results of the experiment are shown in Figure 4. As the value of b is larger, the
density of bubble patterns increases and it is difficult to see the original image. When
using the proposed method, the user will adjust the size and density of bubble patterns
by varying the values of W and b.

(a) b = 2.5 (b) b = 3.0 (c) b = 3.5 (d) b = 4.0

Figure 4. Bubble images in the case of the window size b = 2.5, 3.0, 3.5,
and 4.0

Finally, the proposed method is applied to four gray-scale photographic images shown
in Figure 5. With reference to the above experiments, to generate bubble patterns on
the whole image and make the original image as easy to see as possible, the parameters
W and b are set to 2 and 3.0, respectively. The results of the experiment are shown in
Figure 6. In all bubble images, it can be seen that bubble patterns consist of visually
distinct separate bubbles arranged in various distributions, and are automatically gen-
erated according to the density and contour of photographic images. There is also the
method [16] for generating interference-ripple patterns similar to bubble patterns. In the
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Figure 5. Photographic images

Figure 6. Bubble images

conventional method, there are regions where interference-ripple patterns hardly occur,
but the proposed method can generate bubble patterns on the whole image.

4. Conclusions. This paper focused on NPR in nature, and then proposed a novel NPR
method for generating bubble images from gray-scale photographic images. The proposed
method used an iterative calculation using additive and multiplicative averages in different
window sizes. As a result of experiments using various images, the three features of the
proposed method became clear. The first feature is that the proposed method can generate
impressive bubble images that bubble patterns consist of visually distinct separate bubbles
arranged in various distributions. The second feature is that the proposed method can
automatically generate according to the density and contour of photographic images.
The third feature is that the proposed method can change the size and density of bubble
patterns by varying the values of the parameters.

We hope that the proposed method can contribute to the development of the field of N-
PR, and bubble images are utilized in the fields of design, amusement, and entertainment.
A future study is to expand the proposed method for application to color photographic
images and videos.
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