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Abstract. Until now, non-photorealistic rendering methods for generating various

sand-style images have been proposed. In this paper, we focus on sand-style images that

are studded with sand, and aim to develop a method that is easy to process, considering

the processing on the mobile terminal. Our method generates sand-style images from

photographic images, and is executed by an iterative processing using hash function and

inverse filter. Our method is simple in processing and easy to implement. We conducted

experiments using various photographic images to verify the effectiveness of our method.

The experimental results show that our method can generate impressive sand-style im-

ages. Potential applications of our method range from magazines, TVs, websites, to

social networking services.
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1. Introduction. Many studies have been conducted on non-photorealistic rendering
that converts photographic images and three-dimensional models to non-realistic im-
ages such as ink paintings, watercolors, and cartoons [1-7]. Similarly, a study on non-
photorealistic rendering of sand paintings is also conducted [8-11]. Among the conven-
tional methods, there are the methods [8, 9] to develop paint tools that allow users to
create sand-style images from scratch, and the methods [10, 11] that automatically gen-
erate sand-style images from photographic images. In this paper, we focus on the latter
method. The method [10] is executed by an iterative processing using bilateral filter and
unsharp mask, and the method [11] is done by three main steps including image data field
generating, multiscale field coupling, and additional details optimizing. These methods
require many computational cost in order to use an exponential function. Among the
expressions of sand-style images from photographic images, there are the expression [11]
that is studded with sand, and the expression [10] that is traced sand with fingers and
sticks. In this paper, we focus on the former expression.

We propose a new method for generating sand-style images from gray-scale photo-
graphic images. In sand-style images generated by our method, light areas contain less
fine particles, and dark areas contain more fine particles. In addition, the edges of pho-
tographic images are also preserved in sand-style images. Our method is executed by
an iterative processing using inverse filter [12, 13] and hash function. Images with fine
patterns such as sand can be generated by performing processing using hash function,
and the shades and edges of photographic images can be expressed by inverse filter. As
the iterative processing proceeds, sand-style patterns are gradually expressed, and finally
sand-style images are generated. Our method is simple in processing, and has low com-
putational cost in order not to use the exponential function. To verify the effectiveness of
our method, we conducted experiments to visually confirm sand-style patterns by using
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various photographic images. As a result of the experiments, we show that our method
can generate desired sand-style images.
This paper is organized as follows: the second section describes our method for gen-

erating sand-style images, the third section shows experimental results and reveals the
effectiveness of our method, and the conclusion of this paper is given in the fourth section.

2. Our Method. Our method can generate sand-style images from gray-scale photo-
graphic images by the iterative processing using hash function and inverse filter. Hash
function calculates a representative numerical value from certain data. Inverse filter re-
stores images transformed by a processing to original images. Our method is executed in
two steps: the first step uses hash function to transform images, and the second step uses
inverse filter to restore the transformed images to original photographic images. Sand-
style patterns are generated by emphasizing the errors that occur by repeating the two
steps. It turns out that our method does not use particularly difficult processing. The
flow chart of our method is shown in Figure 1.

Figure 1. Flow chart of our method

We explain the details of the procedure of our method.

Step 0: The input pixel values for spatial coordinates (i, j) of a gray-scale photograph-

ic image are defined as fi,j. The pixel values f
(t)
i,j of the image at the t-th iteration

number have value of N gradation from 0 to N − 1, where f
(0)
i,j = fi,j .

Step 1: The output pixel values h
(t)
i,j using hash function are calculated by the following

equation.

h
(t)
i,j =

i+W∑

k=i−W

j+W∑

l=j−W

f
(t−1)
k,l mod N (1)

where W is the window size, and k and l are the positions in the window. By using
Equation (1), it is possible to generate blackish points in light areas and white points
in dark areas.

Step 2: The output pixel values f
(t+1)
i,j using inverse filter are calculated from the pixel

values h
(t)
i,j by the following equation.

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

(t)
i,j − h

(t)
i,j (2)

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 N − 1,

then f
(t+1)
i,j must be set to N − 1. By using Equation (2), it is possible to preserve

the shades and edges of photographic image.
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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 sand-style image.

3. Experiments. We applied our method to ten gray-scale photographic images shown
in Figure 2. All photographic images used in the following experiments were 512 ∗ 512
pixels and 256 gradation. Even if the value of the window size W was changed, there
was no significant difference in sand-style images. However, by increasing the value of
the window size W , sand-style patterns were more finely expressed in the areas where the
change in the pixel values of photographic images were small. In the following experiments,
we set the value of the window size W to 2. As the value of the iteration number T was
increased, sand-style patterns were generated. In the following experiments, we set the
value of the iteration number T to 100 with a margin so that sand-style images could be
obtained. The computing environment for all experiments was a Windows 10 Enterprise
2016 LTSB operating system on a computer with a 3.20 GHz CPU and a 8.00 GB of
memory. The programming language used in all experiments was VC++.

(a) Airplane (b) Barbara (c) Boat (d) Bridge (e) Building

(f) Cameraman (g) Girl (h) Lenna (i) Lighthouse (j) Woman

Figure 2. Various photographic images

The results of the experiments are shown in Figure 3, and an enlarged view of Figure
3(h) is shown in Figure 4. In all sand-style images, the edges of photographic images were
preserved. Then, light areas contained less sand-style patterns, and dark areas contained
more sand-style patterns. However, sand-style patterns were less likely to occur in the
white and black areas such as the background in Figure 3(a) and the clothe in Figure 3(f).
It is considered that sand-style patterns can be generated by adding Gaussian noise or
impulse noise to the white and black areas and applying our method. However, since it is
necessary to consider how to set the conditions for extracting the white and black areas,
we want to make it a future study. In addition, such as the lower right area in Figure 3(d)
and the left and lower sides in Figure 3(g), fine changes in shading could not be expressed
and were expressed as blackish. It is considered that if the size of photographic images
is increased and the proposed method is applied, it is possible to express fine changes in
shading.

The conventional method [10], which is simpler to process in the conventional methods
[10] and [11], was taken up, and the calculation time was compared with the proposed
method. The calculation time of the proposed method and the conventional method [10]
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(a) Airplane (b) Barbara (c) Boat (d) Bridge (e) Building

(f) Cameraman (g) Girl (h) Lenna (i) Lighthouse (j) Woman

Figure 3. Sand-style images

Figure 4. Enlarged view of Figure 3(h)

was 1.554 and 134.760 seconds, respectively. The proposed method could speed up the
processing about 87 times faster than the conventional method [10].

4. Conclusions. We proposed a simple method for generating sand-style images from
gray-scale photographic images by an iterative processing using hash function and inverse
filter. Our method has the feature that it is expressed with less sand-style patterns in light
areas and more sand-style patterns in dark areas. In addition, our method has the feature
that can preserve the edges in photographic images. We demonstrated the effectiveness of
our method through experiments using various photographic images. The experimental
results showed that our method can realize the features.
Further study is to improve our method so that the sand-style patterns can be generated

in the white and black areas. Another future challenge is to apply our method to color
photographic images and movies.
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