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ABSTRACT. We propose a non-photorealistic rendering (NPR) for generating edge-pre-
serving crepe-paper-like (EPCPL) images from gray-scale photographic images. EPCPL
images are like photographic images drawn on crepe pagers, and the patterns of crepe
pager are occurring along the edges in photographic images. The proposed method is
ezecuted by an iterative calculation using smoothing filter and correlation coefficient. The
proposed method is simple and easy to implement, and can generate EPCPL patterns by
preserving the edges in photographic images. To validate the effectiveness of the proposed
method, experiments using various photographic images are conducted. Results show
that the proposed method can generate impressive EPCPL images in which the edges are
preserved.
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1. Introduction. In NPR using a computer, there is a method using image processing
[1, 2, 3] for converting photographic images into non-photorealistic images, and various
methods have been proposed so far [4, 5, 6, 7]. Gatys et al. [4] proposed a neural algorithm
of artistic style that can separate and recombine the image content and style of natural
images, Qian et al. [5] proposed a non-photorealistic rendering method that automatically
generates a gourd pyrography style from photographic images, Martin et al. [6] surveyed
methods for the digital simulation of hand-made stippling, and Wu [7] proposed a frame-
work of generative art by combining the techniques of saliency detection and stroke-based
art. In recent years, non-photorealistic images generated by these methods are becoming
common on television, magazines, and the Internet. Among these methods, there is an
NPR method for generating crepe-paper-like (CPL) images [8]. Crepe papers are fine
paper with fine wrinkles as shown in Figure 1, and can also have textures like Japanese
papers. CPL images are like photographic images drawn on crepe papers, and fine irreg-
ularities of wrinkles are expressed. The conventional method is executed by an iterative
calculation using inverse Roberts filter and histogram equalization.

In this paper, we propose an NPR method for generating EPCPL images with high edge
preservation in CPL images from gray-scale photographic images. The proposed method
is executed by the iterative calculation using smoothing filter and correlation coefficient.
Therefore, it is simple to process and easy to implement. Turing pattern [13] is famous as
patterns generated by iterative calculations such as the proposed method, and has been
researched for a long time. This research can also contribute to the research field related
to such iterative calculations. The proposed method is expressed with emphasis on fine
irregularities on wrinkles rather than the conventional method, and can automatically
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F1GURE 1. Crepe paper

generate EPCPL patterns along the edges in photographic images. To visually verify
the effectiveness of the proposed method, experiment using Lenna image is conducted to
investigate the changes of EPCPL patterns generated by varying the parameters in the
proposed method. In addition, the proposed method is applied to various images. As
a result of the experiments, it is revealed that EPCPL patterns can be automatically
generated on the whole image.

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

2. Proposed Method. The proposed method is executed by the iterative processing
using smoothing filter [9, 10] and correlation coefficient [11, 12]. A flow chart of the
proposed method is shown in Figure 2. It turns out that the proposed method does not
use particularly difficult processing.
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F1GURE 2. Flow chart of the proposed method

Details of the steps in Figure 2 are shown below.

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

Step 1: The pixel values fi%_l) are smoothed using pixels adjacent to pixel (i, j), where
(t)

t is the iteration number and fis(;) = fij. The smoothed pixel values s, ; are calculated

as follows.
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where (k, 1) is a plurality of spatial coordinates of the pixels included in the range of
+1 around the spatial coordinate (3, j).

Step 2: The correlation coefficients cgt; for each pixel are calculated using the pixel

values f; ; and sl(t]) as follows.
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Step 3: The pixel values fl(? are calculated using the input pixel values f; ; and the

®)

correlation coefficients ¢; ; as follows.

£ fig+ acg?3 (t modulo 2 = 0) -
h fig— acgf])-g (t modulo 2 = 1)

where a is a positive constant. fz-(? must be set to 0 in case fl-%) is smaller than 0,
and fi%) must be set to set to U — 1 in case fi(? is greater than U — 1. The process

from Steps 1 to 3 is repeated T times. An image composed of pixel values fl(? is an
EPCPL image.

3. Experiments. The proposed method was applied to Lenna image with 512 x 512
size and 256 gradation. Lenna image is shown in Figure 3. The changes in appearance
to EPCPL images were visually assessed as the values of the parameters T and a were
varied. EPCPL images for T = 5, 10, 20 and 40 and a = 90 are shown in Figure 4. As
shown, as W became bigger, EPCPL patterns became finer. EPCPL images for a = 30,
60, 90 and 120 and T" = 40 are shown in Figure 5. As shown, as a became bigger, EPCPL
patterns were emphasized and became clearer.

The proposed method and the conventional method [8] were compared using Lenna
image. Although the conventional method [8] used color photographic images, the gen-
erated color CPL image was converted into the gray-scale CPL image for comparison.

FIGURE 3. Lenna image
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FiGure 5. EPCPL images for a = 30, 60, 90 and 120 and T" = 40

FIGURE 6. CPL image generated by the conventional method [§]

The gray-scale CPL image is shown in Figure 6. As a result of the comparison, EPCPL
patterns of the proposed method were generated more along the edges than CPL patterns
of the conventional method [8].

The proposed method was applied to eight photographic images with 512 x 512 size
and 256 gradation besides Lena image. Eight photographic images are shown in Figure
7. Since EPCPL patterns and Lenna image were visually recognized well in the previous
experiment, the values of T" and a were set to 100 and 90, respectively. The results are
shown in Figure 8. In all cases, EPCPL patterns could be automatically generated along
the edges in photographic images. However, EPCPL patterns were less likely to occur in
areas with fine textures and white and black areas.

4. Conclusions. This paper proposed an NPR method for generating EPCPL images
from gray-scale photographic images by an iterative calculation using smoothing filter
and correlation coefficient. The proposed method had features that the processing is
simple and EPCPL patterns can be automatically generated by preserving the edges in
photographic images. In the experiments using Lenna image and other photographic
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Ficure 8. EPCPL images

images, it was clarified that the proposed method can practically realize these features.
However, it was found out that EPCPL patterns are less likely to occur in areas with fine
textures and white and black areas.

A subject for future study is to be able to generate EPCPL patterns in areas with fine
textures and white and black areas. Another task is to expand the proposed method for
application to color photographic images.
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