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A High-Speed Method for Generating Edge-Preserving Bubble
Images

Toru HIRAOKA†a), Member

SUMMARY We propose a non-photorealistic rendering method for
generating edge-preserving bubble images from gray-scale photographic
images. Bubble images are non-photorealistic images embedded in many
bubbles, and edge-preserving bubble images are bubble images where
edges in photographic images are preserved. The proposed method is exe-
cuted by an iterative processing using absolute difference in window. The
proposed method has features that processing is simple and fast. To validate
the effectiveness of the proposed method, experiments using various photo-
graphic images are conducted. Results show that the proposed method can
generate edge-preserving bubble images by preserving the edges of photo-
graphic images and the processing speed is high.
key words: non-photorealistic rendering, bubble, edge preservation, high
speed

1. Introduction

In recent years, a technique called non-photorealistic ren-
dering (NPR) has attracted attention in the field of com-
puter graphics [1]–[4]. NPR converts photographic images,
videos and three-dimensional data to non-photorealistic im-
ages. NPR is implemented as applications on mobile ter-
minals such as smartphones or tablets, so that users can
easily use the NPR applications. For the NPR applica-
tions, high-speed processing is required so that users can
comfortably use them. One research on NPR is to gen-
erate bubble images from gray-scale photographic images
using additive and multiplicative averages in different win-
dow sizes [5]. Bubble images are non-photorealistic images
embedded in many bubbles. Such bubble images are up-
loaded by converting photographic images with the recent
spread of SNS (Social Networking Service). Also, from the
viewpoint of information security, when users want to make
it difficult to identify people, products, signboards and lo-
cations from photographic images on SNS, users can use
non-photorealistic images such as bubble images rather than
simply blurring or mosaicing.

In this paper, we focus on NPR generating bubble im-
ages from gray-scale photographic images, and propose a
simple method that can process faster than the conventional
method [5]. In addition, since the conventional method gen-
erates bubble pattern across edges, we develop the method to
generate edge-preserving bubble (EPB) images with edges
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preserved. The expression items necessary for expressing
EPB images are that it is composed of patterns with a fine
curved shape, and the patterns are generated along the edges
in photographic images. The proposed method is executed
by an iterative processing using absolute difference in win-
dow. To visually verify that the edges of photographic im-
ages can be preserved, experiment using various images is
conducted. And, experiment to compare the calculation
times between the proposed and conventional methods is
conducted. As a result of the experiments, it is revealed
that EPB images can be automatically generated by preserv-
ing the edges and the proposed method can process at high
speed.

This paper is organized as follows: the second section
describes the proposed method for generating EPB 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 by an iterative processing
consisting of two steps. In the first step, averages of absolute
differences in the window are calculated. In the second step,
pixel values are updated using the result of the first step.
A flow chart of the proposed method is shown in Fig. 1. It
turns out that the proposed method does not use particularly
difficult processing.

Details of the steps in Fig. 1 are shown below.

Step 0 Let the input pixel values on coordinates (i, j) of a
gray-scale photographic image be fi, j. The pixel values
fi, j have value of 256 gradation from 0 to 255.

Step 1 The averages of the absolute differences a(t)
i, j are cal-

culated using pixel values f (t)
i, j in the window of 2W + 1

Fig. 1 Flow chart of the proposed method.
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centered on the pixel (i, j), where t(= 1, 2, · · ·) is the
number of iterations and f (1)

i, j = fi, j. The averages a(t)
i, j

are calculated as follows.

a(t)
i, j =

W∑

k=−W

W∑

l=−W

| f (t)
i+k, j+l − f (t)

i−k, j−l|

(2W + 1)2 − 1
(1)

where k and l are the positions in the window.
Step 2 The pixel values f (t)

i, j are updated using the averages

a(t)
i, j as follows.

f (t+1)
i, j =

⎧⎪⎪⎨⎪⎪⎩
fi, j − ba(t)

i, j (t%2 = 0)

fi, j + ba(t)
i, j (t%2 = 1)

(2)

where b is a positive constant, and % is the remainder
operator. In case f (t+1)

i, j is less than 0, then f (t+1)
i, j must

be set to − f (t+1)
i, j and further f (t+1)

i, j must be set to 255 in

case − f (t+1)
i, j is greater than 255. In case f (t+1)

i, j is greater

than 255, then f (t+1)
i, j must be set to 255+(255− f (t+1)

i, j )/b.
The processing of Steps 1 and 2 is repeated T times,
where T is an even number. An image composed of
pixel values f (T )

i, j is an EPB image.

3. Experiments

Three experiments were conducted mainly. First, the pro-
posed method was applied to Lenna image shown in Fig. 2.
The changes in appearance to EPB images were visually as-
sessed as the values of the parameters were varied. Next,
the proposed method were applied to various images. Fi-
nally, the calculation times between the proposed and con-
ventional methods were compared. In the experiments, un-
less otherwise noted, the values of T , W and b were set to 40,
2 and 2.0, respectively. All images used in the experiments
were 512 * 512 pixels and 256 gradation. The computing
environment for all experiments was Windows 10 Enterprise
2016 LTSB operating system on a computer with 3.20 GHz
CPU, 8.00 GB of memory. The programming language used
was VC++.

First, EPB images by varying the value of the iteration
number T were confirmed visually using Lenna image. The
value of T was set to 10, 20, 30 and 40. The results of
the experiment are shown in Fig. 3. As the value of T was
larger, EPB patterns changed to the patterns with the fine
curved shape and were generated along the edges in Lenna
image.

Fig. 2 Lenna image.

Next, EPB images by varying the value of the window
size W were confirmed visually using Lenna image. The
value of W was set to 1, 2, 3 and 4. The results of the exper-
iment are shown in Fig. 4. As the value of W was larger, the
size of EPB patterns became bigger.

Next, EPB images by varying the value of the parame-

Fig. 3 EPB images for T = 10, 20, 30 and 40.

Fig. 4 EPB images for W = 1, 2, 3 and 4.
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Fig. 5 EPB images for b = 1.5, 2.0, 2.5 and 3.0.

ter b were confirmed visually using Lenna image. The value
of b was set to 1.5, 2.0, 2.5 and 3.0. The results of the ex-
periment are shown in Fig. 5. As the value of b was larger,
more EPB patterns were generated. On the other hand, as
the value of b became too small, EPB patterns were not gen-
erated. If users want to generate EPB images so that photo-
graphic images can be recognized, the value of b should be
set between 2.0 and 3.0. On the other hand, if users want to
make it difficult to recognize photographic images from the
viewpoint of information security, the value of b should be
set to 2.0 or more.

Next, the proposed method was applied to four photo-
graphic images shown in Fig. 6. The results are shown in
Fig. 7. In all cases, EPB images were composed of patterns
with the fine curve shape, and EPB patterns could be auto-
matically generated by preserving the edges in photographic
images. However, EPB patterns were less likely to occur in
areas where textures are fine such as the upper right area of
the upper right image in Fig. 7. In addition, as a result of
evaluating EPB images by a researcher who studied in art
such as watercolor painting and ink painting at university
and now specializes in design and chromatics, the following
comments were received.

• It has a unique touch that is different from any filters
such as watercolors, oil paintings, stained glass paint-
ing and Fresco that are embedded in Adobe Photoshop
and other applications.
• It is balanced with the eye-catching effect while main-

taining the original information.

Finally, the calculation times between the proposed and
conventional methods were compared quantitatively using

Fig. 6 Various photographic images.

Fig. 7 EPB images.

Table 1 Calculation times of the proposed method.

Window size W Calculation time [seconds]

1 1.618
2 4.106
3 7.932
4 12.940

Table 2 Calculation times of the conventional method.

Window size W Calculation time [seconds]

1 9.344
2 14.857
3 22.437
4 31.832

Lenna image. In the experiments of the proposed and con-
ventional methods, the value of the window size W was set
to 1, 2, 3 and 4. The results of the proposed and conventional
methods are shown in Tables 1 and 2, respectively. The cal-
culation times of the proposed method were 1.618, 4.106,
7.932 and 12.940 seconds for W =1, 2, 3 and 4, respec-
tively. The calculation times of the conventional method
were 9.344, 14.857, 22.437 and 31.832 seconds for W =1,
2, 3 and 4, respectively. Thus, the proposed method could
speed up the processing approximately three times as com-
pared with the conventional method.
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4. Conclusion

We proposed a method for generating EPB Images from
gray-scale photographic images by an iterative processing
using absolute difference in window. The proposed method
had features that processing is fast and EPB patterns can be
automatically generated by preserving the edges in photo-
graphic images. In the experiments using Lenna image and
other photographic images, it was clarified that the proposed
method can practically realize these features. In addition, it
was clarified how to change EPB patterns when the values
of the parameters in the proposed method were varied. A
subject for future study is to make it possible to generate
EPB patterns in fine texture areas as well.
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