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GENERATION OF GALVANIZED METAL IMAGES BY SKEWNESS
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ABSTRACT. We propose a non-photorealistic rendering method for generating galvanized
metal images from gray-scale photographic images. Galvanized metal images are expressed
by overlapping plated patterns of tin or aluminum on photographic images. Our method
1s executed by an iterative process using skewness. Our method has an advantage that
galvanized metal patterns can be automatically generated according to the luminance of
photographic images. In addition, our method can change the width and density of gal-
vanized metal patterns by changing the values of the parameters. In order to verify the
effectiveness of our method, we conducted experiments using various photographic images.
As a result of the experiments, we clarified that the two advantages can be reproduced.
Keywords: Non-photorealistic rendering, Galvanized metal, Skewness, Automatic gen-
eration

1. Imtroduction. Non-photorealistic rendering is processes of generating graphical im-
ages for display [1] from models by means of computer programs. Generation of non-
photorealistic images has became popular in ACM SIGGRAPH since the 1990’s [2, 3]. In
recent years, researches have been carried out to generate non-photorealistic images by
imitating patterns in nature or geometric patterns. Examples of such images are maze
images [4], op-art images [5], pop-art images [6], reaction-diffusion-pattern images [7], cell
images [8], concrete-wall images [9], and patchwork-stripe-art images [10]. Maze images
were generated by creating stipplings from photographic images using centroidal Voronoi
tessellation and then connecting all points in stipplings with minimum spanning trees. Op-
art images were represented with densely packed line segments to depict simple shapes
such as circles and squares. Pop-art images were generated using scalable vector graphics
as a genotype representation in evolutionary art. Reaction-diffusion-pattern images were
generated using anisotropic reaction diffusion introducing a flow field. Cell images were
generated using inverse iris filter. Concrete-wall images were generated using autocor-
relation coefficient and inverse filter. Patchwork-stripe-art images were generated using
smoothing filter with four different window sizes. These images are utilized when artistic
expression is required in magazines and websites, but more diverse artistic expressions
are required.

In this paper, we develop a new process for generating galvanized metal images from
gray-scale photographic images. Galvanized metal patterns express the change in gloss
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that occurs in the smooth unevenness of plated metals such as tin and aluminum. Gal-
vanized metal images are expressed by overlapping galvanized metal patterns on photo-
graphic images. To the authors’ best knowledge, no previous research has studied the
generation of galvanized metal images in non-photorealistic rendering.

Our method is executed by an iterative process using skewness, and has two features.
The first feature is that galvanized metal patterns can be automatically generated accord-
ing to the luminance of photographic images. The second feature is that the width and
density of galvanized metal patterns can be changed according to the values of the pa-
rameters. In order to verify the effectiveness of our method, we conducted an experiment
that examines how to form galvanized metal patterns when the values of the parameters
are changed with Lenna image. In addition, we conducted an experiment using various
photographic images other than Lenna image, and examined whether galvanized metal
patterns can be automatically generated with all photographic images. As a result of the
experiments, we clarified that our method can realize two features.

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

2. Our Method. Our method generates galvanized metal images from gray-scale pho-
tographic images. Our method is executed in two processes. In the first process, skewness
is calculated using the pixel values in the window. In the second process, images are
converted using the skewness and photographic images. By repeating the two processes,
galvanized metal images are generated. A flow chart of our method is shown in Figure 1.

,—> Step 1: Calculation of skewness

Iteration

\ 4

|— Step 2: Conversion of photographic image using the skewness

FI1GURE 1. Flow chart of our method

The detailed procedure of our method 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 f; ;. Then, the pixel values of the image at the ¢-th iteration

number are defined as fi(?, where fl(;) = fi;. In compliance with image data widely
used in the world, the pixel values f; ™ have value of 256 gradation from 0 to 255.

Step 1: Skewness s - of each pixel is calculated using the pixel values in the window
of W pixels as the followmg equations.

) Zk— Wzl—— ( Z+k,]+l f )
i = QW + 1)

(1)



ICIC EXPRESS LETTERS, VOL.13, NO.11, 2019 1017

RON Zk— WZl__ ((H)k#l f(?) a(t))
" W +1)2

where & and [ are the positions in the window. In case s;

(2)

( ()

is less than —b, then s;
must be set to —b, where the threshold b is a positive constant In case s( )i
than b, then S ) must be set to b.

Step 2: The skewness s f ) is added to the pixel values f; ; of the photographic image,

is greater

and the pixel values fZ(J are updated to f.( 1 as the following equation.
f(t+1 f,L’] + S(t (3)

In case f (1) i5 less than 0, then f(thl must be set to 0. In case fi€t3~+1) is greater

than 255, then f; 1 must be set to 255. A galvanized metal image is obtained after
the above processmg of T' times iteration.

3. Experiments. We mainly conducted two experiments. First, we conducted the exper-
iment with changing the values of the parameters in the proposed method using Lenna
image shown in Figure 2. Second, we conducted the experiment using various photo-
graphic images shown in Figure 3. All photographic images used in the experiments were
512 % 512 pixels and 256 gradation.

FIGURE 3. Various photographic images

3.1. Experiment with changing parameters. Galvanized metal images by changing
the iteration number 7" were visually confirmed using Lenna image. The iteration number
T was set to 5, 10, 20, and 40. Other parameters W and b were set to 2 and 32, respectively.
The results of the experiment are shown in Figure 4. As the value of the iteration number
T was larger, galvanized metal patterns became clear and converged.

Galvanized metal images by changing the window size W were visually confirmed using
Lenna image. The window size W was set to 1, 2, 3, and 4. Other parameters T" and b
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were set to 40 and 32, respectively. The results of the experiment are shown in Figure
5. As the value of the window size W was larger, the width of galvanized metal patterns
became larger.

Galvanized metal images by changing the threshold b were visually confirmed using
Lenna image. The threshold b was set to 16, 32, 48, and 64. Other parameters 1" and W
were set to 40 and 2, respectively. The results of the experiment are shown in Figure 6.
As the value of the threshold b was larger, the difference in brightness and darkness of
galvanized metal patterns increased, and galvanized metal patterns were clearly expressed.

FIGURE 4. Galvanized metal images in the case of the iteration number
T = 5,10,20, and 40

£
‘s,

(a) W =1 ) W= (c) W =3 ) W= 4

FIGURE 5. Galvanized metal images in the case of the window size W =
1,2,3, and 4

(b) b= 32 O bods () b—oa

FIGURE 6. Galvanized metal images in the case of the threshold b =
16, 32,48, and 64



ICIC EXPRESS LETTERS, VOL.13, NO.11, 2019 1019

3.2. Experiment using various photographic images. Our method was applied to
four gray-scale photographic images shown in Figure 3. Since galvanized metal patterns
and Lenna image were visually recognized well in the previous experiment, the parameters
T, W, and b were set to 40, 2, and 32, respectively. The results of the experiment are shown
in Figure 7. In all cases, galvanized metal patterns could be automatically generated on
the whole image even in bright and dark areas. However, galvanized metal patterns were
unlikely to occur in the fine-texture area as in the cliff portion of the galvanized metal
image on the right end in Figure 7.

FIGURE 7. Galvanized metal images of photographic images in Figure 3

4. Conclusions. We proposed a non-photorealistic rendering method for generating gal-
vanized metal images from gray-scale photographic images. Our method was executed by
an iterative process using skewness. In order to verify the effectiveness of our method,
we conducted experiments using various photographic images. As a result of the ex-
periments, we revealed that galvanized metal patterns can be automatically generated
according to the luminance of photographic images. In addition, we revealed that the
width and density of galvanized metal patterns can be changed according to the values of
the parameters.

A subject for future study is to expand our method in order to generate galvanized
metal patterns in the area of the fine texture. Another task is to expand for applications
to color photographic images and videos.
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