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Abstract. We propose a non-photorealistic rendering method for generating multi-
valued/overlapping Yin-Yang-pattern-like (MOYYPL) images from gray-scale photogra-
phic images. Yin-Yang-pattern-like (YYPL) images are represented by smooth-curved
black and white areas. MOYYPL images are represented by multi-valued areas, and
MOYYPL patterns are represented by overlapping. The purpose of this paper is to gen-
erate MOYYPL images that improve the appearance of conventional YYPL images. The
proposed method is executed by an iterative calculation using a bit pattern of pixel val-
ues. To verify the effectiveness of the proposed method, an experiment using various
gray-scale photographic images was performed. In addition, the changes of MOYYPL
patterns generated by changing the values of the parameters in the proposed method were
visually confirmed. MOYYPL images generated by the proposed method gives an impres-
sion different from YYPL images generated by the conventional method.
Keywords: Non-photorealistic rendering, Yin-Yang pattern, Multi value, Overlap, Bit
pattern

1. Introduction. Many studies on non-photorealistic rendering (NPR) by image pro-
cessing [1, 2] have been conducted so far [3, 4, 5, 6]. [3] reviewed an expressive system of
NPR, [4] reviewed techniques for the digital simulation of hand-made stippling, [5] pre-
sented a course design on NPR, and [6] presented a benchmark dataset that is structured
into three levels to provide clearly specified degrees of difficulty for NPR and neural style
transfer. One of NPRs has proposed a method for generating Yin-Yang-pattern-like (YY-
PL) images from gray-scale photographic images [7, 8]. Yin-Yang patterns are designed
by combining black and white areas, and YYPL images represent gray-scale photographic
images in black and white areas having smooth curve such as Yin-Yang patterns. YYPL
images generated by the conventional method [7], which was executed by an iterative
calculation using a reversal inverse bilateral filter, had the disadvantage that fine patterns
were generated and sharp-edged areas remained. Therefore, in the conventional method
[8] which was executed by an iterative calculation using difference of Gaussian, YYPL
images without leaving fine textures and sharp-edged areas were generated.

In this paper, we consider further improving the appearance of YYPL images. There-
fore, the binary YYPL patterns of black and white are expanded to multi-valued YYPL
patterns. In addition, the YYPL patterns that the black and white areas are separat-
ed are expanded to overlapping YYPL patterns. We propose a method for generating
multi-valued/overlapping Yin-Yang-pattern-like (MOYYPL) images from gray-scale pho-
tographic images. The proposed method is executed by an iterative calculation using a
bit pattern of pixel values, and uses windows of two sizes to express as fine MOYYPL
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patterns as possible in rough MOYYPL patterns. The proposed method can automati-
cally generate MOYYPL patterns according to the change of the edges and the shading
in gray-scale photographic images. Through an experiment that the proposed method
was applied to various gray-scale photographic images, it was visually confirmed that
MOYYPL patterns were generated. In addition, through an experiment of changing the
values of the parameter in the proposed method, how to change MOYYPL patterns was
clarified.
This paper is organized as follows: the second section describes the proposed method

for generating MOYYPL images from gray-scale photographic images, the third section
shows experimental results and reveals the effectiveness of the proposed method, and the
conclusion of this paper is given in the fourth section.

2. Proposed Method. The proposed method is implemented in three steps. The first
step performs the calculation using the bit pattern for each of the windows of two sizes.
The second step updates the image from the values calculated in the two windows.
MOYYPL patterns are generated by repeating the first and second steps. To make the
MOYYPL patterns more recognizable to humans, the third step performs the histogram
equalization to generate the final MOYYPL images. A flow chart of the proposed method
is shown in Figure 1.

Figure 1. Flow chart of the proposed method

Details of the procedure in Figure 1 are explained below.

Step 0: The input pixel values for spatial coordinates (i, j) of a gray-scale photograph-
ic image are defined as fi,j. Then, the pixel values of the image at the t-th iteration

number are defined as f
(t)
i,j , where f

(0)
i,j = fi,j. The pixel values f

(t)
i,j have value of 256

gradation from 0 to 255. The pixel values f
(t)
i,j are represented by 8 bits, and the

8-bit representations are defined as b
(t)
i,j,k where b

(t)
i,j,k = {0, 1} and k = 0, 1, . . . , 7. The

pixel values f
(0)
i,j and the 8-bit representations b

(0)
i,j,k have the following relationship.

f
(0)
i,j =

7∑
k=0

2kb
(0)
i,j,k (1)
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Step 1: The numbers c
(t)
i,j,k,1 are calculated in the pixels in the window of window size

W1 as

c
(t)
i,j,k,1 =

W1∑
m=−W1

W1∑
n=−W1

b
(t−1)
i+m,j+n,k (2)

where m and n are the positions in the window. In case the numbers c
(t)
i,j,k,1 are less

than (2W1+1)2/2, then the 8-bit representations b
(t)
i,j,k,1 must be set to 0. In case the

numbers c
(t)
i,j,k,1 are greater than (2W1 + 1)2/2, then the 8-bit representations b

(t)
i,j,k,1

must be set to 1. The pixel values f
(t)
i,j,1 are calculated as

f
(t)
i,j,1 =

7∑
k=0

2kb
(t)
i,j,k,1 (3)

Similarly, the numbers c
(t)
i,j,k,2 are calculated in the pixels in the window of window

size W2 where W1 ≤ W2 as

c
(t)
i,j,k,2 =

W2∑
m=−W2

W2∑
n=−W2

b
(t−1)
i+m,j+n,k (4)

In case the numbers c
(t)
i,j,k,2 are less than (2W2+1)2/2, then the 8-bit representations

b
(t)
i,j,k,2 must be set to 0. In case the numbers c

(t)
i,j,k,2 are greater than (2W2 + 1)2/2,

then the 8-bit representations b
(t)
i,j,k,2 must be set to 1. The pixel values f

(t)
i,j,2 are

calculated as

f
(t)
i,j,2 =

7∑
k=0

2kb
(t)
i,j,k,2 (5)

Step 2: The pixel values f
(t)
i,j are calculated as

f
(t)
i,j =

f
(t)
i,j,1 + f

(t)
i,j,2

2
(6)

The 8-bit representations b
(t)
i,j,k are calculated from the pixel values f

(t)
i,j .

Steps 1 and 2 are repeated T times. MOYYPL patterns become clearer as the
number of repetitions increases.

Step 3: An MOYYPL image is generated by performing the histogram equalization

on the image having the pixel values f
(T )
i,j . The histogram equalization is the process

of converting the pixel values so that the overall histogram of the pixel values is
unpleasant.

3. Experiments. Two experiments were conducted. The first experiment visually check-
ed the changes of MOYYPL patterns when the values of the parameters in the proposed
method were changed using the woman image shown in Figure 2. The second experiment
applied the proposed method to four gray-scale photographic images shown in Figure 3.
All photographic images used in the experiments were 256∗256 pixels and 256 gradation.
The computing environment for all experiments is a Windows 10 Enterprise 2016 LTSB
operating system on a computer with a 3.20 GHz CPU and a 8.00 GB memory. The
programming language used is VC++.
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Figure 2. Woman image

Figure 3. Various gray-scale photographic images

(a) T = 5 (b) T = 10 (c) T = 20 (d) T = 40

Figure 4. MOYYPL images in the case of the iteration number T = 5,
10, 20 and 40

3.1. Experiment with changing parameters. MOYYPL images by changing the it-
eration number T were visually confirmed using the woman image. The iteration number
T was set to 5, 10, 20 and 40. The parameters W1 and W2 were set to 1 and 3, respec-
tively. The results of the experiment are shown in Figure 4. As the iteration number T
increased, MOYYPL patterns were clear.
MOYYPL images by changing the window size W1 were visually confirmed using the

woman image. The window size W1 was set to 0, 1, 2 and 3. The parameters T and W2

were set to 40 and 3, respectively. The results of the experiment are shown in Figure 5.
As the window size W1 became larger, MOYYPL patterns were larger and smoother. On
the other hand, as the window size W1 became larger, the woman image became more
difficult to recall.
MOYYPL images by changing the window size W2 were visually confirmed using the

woman image. The window size W2 was set to 2, 3, 4 and 5. The parameters T and W1

were set to 40 and 1, respectively. The results of the experiment are shown in Figure 6.
As the window size W2 became larger, MOYYPL patterns were larger and smoother. On
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(a) W1 = 0 (b) W1 = 1 (c) W1 = 2 (d) W1 = 3

Figure 5. MOYYPL images in the case of the window size W1 = 0, 1, 2
and 3

(a) W2 = 2 (b) W2 = 3 (c) W2 = 4 (d) W2 = 5

Figure 6. MOYYPL images in the case of the window size W2 = 2, 3, 4
and 5

the other hand, as the window size W2 became larger, the woman image became more
difficult to recall.

3.2. Experiment using various photographic images. The proposed method was
applied to four gray-scale photographic images shown in Figure 3. The parameters T , W1

and W2 were set to 40, 1 and 3, respectively. The results of the experiment are shown in
Figure 7. All MOYYPL images could be automatically generated according to the change
of the edges and the shading in gray-scale photographic images. In addition, the proposed
method could generate MOYYPL patterns with multi-valued/overlapping YYPL patterns
in all MOYYPL images.

YYPL images generated from four gray-scale photographic images by the conventional
method [8] are shown in Figure 8 for comparison with MOYYPL images. Since YYPL
images were expressed by the binary values of black and white, it was difficult to recall

Figure 7. Various MOYYPL images
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Figure 8. Various YYPL images

photographic images. On the other hand, since MOYYPL images were expressed by mul-
tiple values, it is easier to recall photographic images. In addition, the shapes of MOYYPL
patterns and YYPL patterns were expressed differently.
Finally, the calculation time of the proposed method and the conventional method [8]

was compared. It took about 22 seconds to generate MOYYPL images of Figure 7 and
about 64 seconds to generate YYPL images of Figure 8. Thus, the proposed method could
process faster than the conventional method [8].

4. Conclusions. We proposed an NPR method for generating MOYYPL images from
gray-scale photographic images. The proposed method was executed by an iterative cal-
culation using a bit pattern of pixel values. Through an experiment that the proposed
method was applied to various gray-scale photographic images, it was visually confirmed
that MOYYPL patterns were generated. In addition, through an experiment of changing
the values of the parameter in the proposed method, how to change MOYYPL patterns
was clarified.
A subject for future study is to expand the proposed method for application to color

photographic images, videos and three-dimensional data.
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