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ABSTRACT. We have proposed a non-photorealistic rendering (NPR) method for gener-
ating parallel-fine-curve-line (PFCL) images using autocorrelation coefficients calculated
from pizel values in the window from photographic images. PFCL patterns are uniquely
determined by the characteristic of the conventional method and the change in density
of photographic images. Therefore, we propose a method for synthesizing another PFCL
patterns generated from other images into PFCL images. By conducting experiments us-
ing various images, we show that synthesized PFCL (S-PFCL) images are a new style of
NPR and are more impressive than PFCL images.

Keywords: Parallel-fine-curve-line image, Synthesis, Non-photorealistic rendering, Au-
tocorrelation coefficient, Simple geometric image

1. Introduction. Non-photorealistic rendering (NPR) is a field in computer graphics
which can create effective illustrations and appealing artistic images. Many NPR methods
11,2, 3,4, 5,6, 7, 8 have been proposed for generating NPR images by image process-
ing [9, 10] from images, videos and three-dimensional data. In the past researches, an
NPR method for generating parallel-fine-curve-line (PFCL) images by an iterative image
processing using correlation coefficient from photographic images has been proposed [11].
PFCL images have smooth fine curve lines aligned along edges of photographic images.
Since PFCL patterns generated by the conventional method are uniquely determined by
the change in density of photographic images, it is difficult to generate intentional PFCL
patterns from complex photographic images. If it is possible to generate intentional PFCL
patterns, the scope of use of PFCL images will expand.

In this paper, we develop a method for generating intentional synthesized PFCL
(S-PFCL) images by synthesizing simple geometrical images. Intentional PFCL patterns
are generated by using simple geometrical images. Furthermore, our method can gen-
erate S-PFCL images that complex photographic images are also synthesized. S-PFCL
images can give an unprecedented representation of NPR. In order to show the effective-
ness of our method, we experiment with various simple geometrical images and complex
photographic images, and then visually verify the generated S-PFCL images.

The rest of this paper is organized as follows. Section 2 describes our method for
generating S-PFCL images. Section 3 shows the experimental results, and reveals the
effectiveness of our method. Finally, Section 4 concludes this paper.
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2. Our Method. Our method generates S-PFCL images by an iterative processing using
correlation coefficient with two images as input. One image is a photographic image, and
the other image is a simple geometric image or a complex photographic image. Our
method is implemented in two major steps. In the first step, autocorrelation coefficients
are calculated for either of two images. In the second step, two input images are converted
by autocorrelation coefficients. S-PFCL images are generated by repeating the two steps.
A flow chart of our method is shown in Figure 1.

y

Stepl: Calculation of autocorrelation coefficients

Iteration

Step2: Conversion of images

FiGURE 1. Flow chart of our method

The details of the procedure of our method are explained as follows. Pixel values in M
gradations (integer values from 0 to M — 1) of two input images of I x J pixels are defined
as fi,jand fo,; (i=1,2,...,1; j=1,2,...,J), respectively.

In the first step, correlation coefficients are calculated using pixel values fl(tl)] and fz(tl)]
in the window of 2W + 1 centered on the pixel (i, 7), where t (= 1,2,...) is the number of
iterations, fl(ll)] = f1,i;, and f2” = fo2,i;. The averages ag,j and agg,j
in the window are respectively calculated as follows.

of the pixel values
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Vectors U @1” and U @2@ ; are created by arranging the pixel values in the window as

follows.
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Vectors vy ; ; and v2 5;; are created by inverting the elements of vectors v} ; ; and
—(t)
U5, ; as follows.
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In the second step, the pixel values f( U and f(tH) using correlation coefficients c\’)
P, p 1,4,5 2,1, g 1,4,5
and 022- ; are converted as
(t+1)
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where b is a positive constant. The pixel values fl( Z+]1 and f2(t:r]1) are set to 0 if the values
are less than 0, and are respectively set to M — 1 if the values are greater than M — 1.

Steps 1 and 2 are repeated T times. S-PFCL images are composed of the pixel values
AL

3. Experiments. We visually confirmed S-PFCL images using Lenna image shown in
Figure 2 and four simple geometric images shown in Figure 3. All images were 512 % 512
pixels and 256 gradation. Referring to [11] in all experiments, the parameters W, b, and
T were set to 4, 100, and 10, respectively. The results of the experiment are shown in
Figure 4. To make the details of S-PFCL patterns easier to see, the enlarged view of
S-PFCL image on the left edge of Figure 4 is shown in Figure 5. S-PFCL patterns could

FIGURE 2. Lenna image
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FIGURE 3. Simple geometric images

FI1GURE 5. Enlarged view of the left edge of Figure 4

be changed according to simple geometric images. In addition, S-PFCL images giving a
different impression compared to PFCL images could be generated. For reference, Figure
7 shows S-PFCL images that four simple geometric images are synthesized into other
photographic images shown in Figure 6. All images in Figure 6 were 512 % 512 pixels and
256 gradation.
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FiGUure 7. S-PFCL images using simple geometric images from various
photographic images

We visually confirmed S-PFCL images using Lenna image and four complex photo-
graphic images shown in Figure 6. The parameters W, b, and T" were set to 4, 100, and
10, respectively. The results of the experiment are shown in Figure 8. Our method could
also synthesize complex photographic images.
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FicUure 8. S-PFCL images using complex photographic images

4. Conclusions. We proposed an NPR method for generating S-PFCL images by an
iterative processing using correlation coefficient with two images as input. We demon-
strated the effectiveness of our method through experiments using photographic images
and simple geometric images. The experimental results show that our method can synthe-
size another PFCL patterns generated from other images into PFCL images. Then, our
method could generate S-PFCL images with an impression different from PFCL images.

In future work, we will try to apply our method to color photographic images and
videos.
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