Generation of Flowing-Line Images Using Vertical and Horizontal Smoothing Filters
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Abstract

We propose a non-photorealistic rendering method for automatically generating flowing-line images from
photographic images. Flowing-line images consist of unidirectional lines with smooth curves. Our method is executed
by an iterative calculation using vertical and horizontal smoothing filters. To verify the effectiveness of our method,
we conducted an experiment using various photographic images to confirm that flowing-line patterns can be generated
on the entire image. Additionally, we conducted an experiment to visually examine how flowing-line patterns
generated by changing the values of the parameters in our method change.
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1. Introduction

Many studies [1],[2] have been conducted on non-
photorealistic rendering using computer technology.
Since non-photorealistic rendering targets all expressions
other than realistic expressions by photorealistic
rendering, there are various methods for dealing with
various styles and uses. We focus on non-photorealistic
rendering methods that use image processing to generate
non-photorealistic images that are different from
conventional art expressions such as oil paintings and
watercolors. As non-photorealistic rendering methods of
the unprecedented art expressions, many methods for
generating labyrinth images [3], cell-like images [4], and
moire-like images [5] from photographic images have
been proposed. Labyrinth images are composed of
equally spaced lines like a maze and are generated using
minimum spanning trees, cell-like images are composed
of cell-like patterns with cell membranes and cell nuclei
and are generated using inverse iris filter, and moire-like
images are a kind of op art and are generated using
bilateral filter and unsharp musk.

We propose a non-photorealistic rendering method for
automatically generating flowing-line images from
photographic images. Flowing-line images are composed
of unidirectional (here vertical) lines with smooth curves.
The black lines are thickly represented at the edges and
black areas of photographic images, and are represented
along the edges in the nearly vertical direction. Our
method is executed by an iterative calculation using
vertical and horizontal smoothing filters. As images

similar to flowing-line images, non-photorealistic
rendering methods for generating ripple images has been
proposed [6],[7]. Ripple images are composed of
continuous lines with fluctuations and are generated
using inverse Sobel filter [6] or intensity gradients [7].
Flowing-line images are represented by the lines closer to
the binary value of black and white than ripple images,
and flowing-line images and ripple images have different
impressions. The conventional method [8] is executed by
an iterative calculation using circular-sector-type
smoothing filter and inverse filter [9]. Ripple images [8]
are more similar to flowing-line images than ripple
images [6],[7], but flowing-line patterns are slightly more
linear than ripple patterns. In the conventional methods
[61,[71,[8], ripple patterns cannot be generated in white
and black areas. On the other hand, our method can
generate flowing-line patterns in the white and black
areas. Through an experiment using various photographic
images, our method examines that flowing-line patterns
can be generated on the entire image. Additionally,
through an experiment that changes the values of the
parameters in our method, how the generated flowing-
line patterns change is examined.

2. Our method

Our method is largely executed in three steps. First,
since flowing-line patterns are unlikely to occur in the
white and black areas, gray scale transformation is
performed on a photographic image. The gray scale
transformation eliminates pixel values close to white and
black, and eliminates areas where flowing-line patterns
cannot be generated. Second, processing is performed
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using horizontal smoothing filter and inverse filter. Third,
processing is performed using vertical smoothing filter.
A flowing-line image is generated by iterating through
the second and third steps. A flow chart of our method is
shown in Fig. 1.

| Step 1: Gray seale transformation |

)

—FI Step 2: Processing using horizontal smoothing filter and inverse filter

Iteration l

4' Step 3: Processing using vertical smoothing filter |

Fig. 1. Flow chart of our method

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

Step 0: Let the input pixel values on coordinates (i, j) of
agray-scale photographic image be o; ;. The pixel
values o;; have value of U gradation from 0 to
U-1.

Step 1: Let the pixel values that have undergone gray
scale transformation as shown in the following
equation be f; ;.

U-2D-1
fij=0ij = —+D

1)
Uu-1

where D is a natural number. The larger the value
of D, the fewer pixels that are close to white or
black. When the value of D is 0, the pixel values
fij have the same pixel values as the original
photographic image.

Step 2: Let the pixel values of the image at the t-th
iteration number be fi_(jt), where ff}n = f;;- Let
the pixel values that horizontal smoothing filter is

applied as shown in the following equation be
®
Sl,i,j‘

w (t-1)
© _ Zkewy firk

LL) T 2wyt ()
where W; is the window size and k is the
positions in the window. Let the pixel values that

inverse filter is applied as shown in the following

equation be g{*).

®) (t-1) ®)

9ij =fij st 3)
If gi(_? is smaller than 0, then gi(_? must be set to 0,
and if gi(_? is greater than U — 1, then gl.(‘? must

besetto U — 1.
Step 3: Let the pixel values that vertical smoothing filter
is applied as shown in the following equation be

@®)
fij -

) _ ZYZZ—WZ gg?ﬂ (4)
LT 2w+t

where W, is the window size and [ is the
positions in the window.
A flowing-line image is obtained after T times
iteration of Steps 2 and 3.

3. Experiments

We conducted two experiments. First, we visually
confirmed flowing-line patterns by changing the values
of the parameters in our method using Lighthouse image
shown in Fig. 2. Second, we applied our method to eight
photographic images shown in Fig. 3. All photographic
images used in the experiments were 512 * 512 pixels and
256 gradations.

Fig. 3. Photographic images

3.1. Experiment with changing parameter values

Flowing-line images generated by changing the
iteration number T were visually confirmed using
Lighthouse image. The value of T was set to 5, 10, 20,
and 40. The values of the other parameters D, W, and I/,
were set to 10, 6, and 3, respectively. The results of the
experiment are shown in Fig. 4. As the value of T was
larger, flowing-line patterns became clearer and were
expressed finely.

Flowing-line images generated by changing the value
of the parameter D were visually confirmed using
Lighthouse image. The value of D was set to 0, 10, 20,
and 30. The values of the other parameters T, W,, and W,
were set to 40, 6, and 3, respectively. The results of the
experiment are shown in Fig. 5. As the value of D was
larger, flowing-line patterns became clearer in the white
area at the bottom of Lighthouse image. On the other
hand, as the value of D was larger, it became more
difficult to recall Lighthouse image.

Flowing-line images generated by changing the
window size W; were visually confirmed using
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3.2. Experiment using eight photographic images

Our method was applied to eight photographic images
shown in Fig. 3. The values of the parameters T, D, W,
and W, were set to 40, 10, 6, and 3, respectively. The
results of the experiment are shown in Fig. 8. For all
flowing-line images, flowing-line patterns were
composed of unidirectional (here vertical) lines with
smooth curves, and could be automatically generated on
the entire image. Looking at more details, the black lines
were thickly represented at the edges and black areas
(clothes, hair, etc. in the lower left image) of
photographic images, and were represented along the
edges in the nearly vertical direction.
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Fig. 8. Flowing-line images

4. Conclusion

We proposed a hon-photorealistic rendering method for
generating flowing-line images from gray-scale
photographic images using vertical and horizontal
smoothing filters. Through an experiment using nine
photographic images, it was found that our method can
automatically generate flowing-line patterns on the entire
images. Additionally, through an experiment that the
values of the parameters in our method were changed, it
was found that the interval and smoothness of flowing-
line patterns can be changed.

A subject for future study is to expand our method for
application to color photographic images, videos, and
three-dimensional data.
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