Image Watercolorization Based on Color Intensity Alteration
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Abstract—This paper presents a watercolor rendering
technique that converts photographic images into watercolor
painting. An image diffusion and mask filter algorithm is
proposed. A heat transfer equation is used as the image
diffusion method, and a statistic mask filter is applied to the
photographic image processed by the aforementioned heat
transfer equation. Experimental results show that better color
effect with natural appearance is achieved.
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l. INTRODUCTION

Recently the research towards computer graphics
becomes more and more popular. Various graphic algorithms
have been developed and various graphics-related
applications that make the application of graphics more
accessible to people's lives have been realized. The functions
of mobile phones have even been strengthened by
cooperating with computer graphic technology, such as the
photographic image can be converted into oil painting or
watercolor painting effects. The methods of watercolor
effects for photographic images can be mainly classified into
physical-based methods [1], [2], [3], stroke-based methods
[4], [5], [6]; and filter-based methods [7], [8], [9], [10]. Other
watercolor effects including edge darkening, feather-like,
hand tremor, granulation, and turbulence have been studied
[11]. Wang et al. [11] presented a novel artistic-
verisimilitude-driven system for watercolor rendering of
images and photographs. Their method can produce
watercolor results of artistic verisimilitude better than
previous filter-based or physical-based methods. Lu and
Chen [12] presented a method organized in two steps: Image
abstraction based on the weight-map; and Detail
verisimilitude of watercolor features. Verisimilitude method
includes color space conversion, boundary region diffusion,
morphological smoothing, and adding texture. Liang et al.
[13] proposed an algorithm including image graying, edge
detection, darkening, pigment diffusion, image expansion to
get watercolor stylized images. In this paper, we emphasize
the development of image watercolorization based on color
intensity alteration to obtain watercolor stylized images with
natural watercolor appearance. A simple algorithm including
a heat transfer diffusion method and a spatial mask filter
based on statistical approach is adopted to process the
photographic  image for automatically  converting
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photographic image into watercolor paintings. Better natural
watercolor appearance can be achieved.

The rest of this paper is organized as follows. Section 2 will
introduce our proposed approach including heat transfer
diffusion method and a spatial mask filter based on statistical
approach. In Section 3, we describe the algorithm of
watercolorization. The experimental results will be shown in
Section 4. Finally, some discussions and conclusions will be
given in Section 5.

Il.  OUR PROPOSED APPROACH

The image resolution of a camera can be high such that
the adjacent area in a photographic image may have
significantly different intensity levels. The intensity level of
color edge in a photographic image may change rapidly.
However, the adjacent area in a watercolor painting has
roughly the same color, and the color will diffuse around.
This implies that the adjacent area of a watercolor style
photographic image almost has the same intensity level and
the intensity of the color edge changes slowly. In order to
have a watercolor effect for photographic images, in this
paper, a heat equation [2] is used as follows:
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where u denotes the temperature, the value of a is set to be
10; t denotes time step of value 0.1; and K can be expressed
as At.

The intensity level of a photographic image can be
regarded as the temperature, and the gray-scale distribution
is regarded as the object temperature. In heat equation, the
high temperature part of the object can let heat transfer to
low temperature part. Thus the high-temperature region can
be cooled and the temperature of the adjacent region can be
raised. Similarly, using the heat transfer equation, the high-
intensity area of a photographic image can be decreased, and
the intensity of the adjacent area can be increased. A
photographic image can be divided into different areas. The
boundary of the area can be detected by using conventional
edge detection method such as Sobel, Laplacian, or Canny.
In this paper Sobel gradient method is used to detect the
boundary as follows:
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where u denotes the intensity value; u, represents the
intensity value in the x direction of the differential; and u,
represents the intensity value in the y direction of the
differential.

Our paper has another feature: i.e. the use of a spatial
mask filter based on statistical approach. The mask filter
algorithm divides the pixel intensities of the image in each

mask into 20 levels and computes the highest repetition level.

The average value of the intensity of the Red, Green, Blue
(RGB) component corresponding to the highest repetition
level is calculated and will replace the original values.

I1l.  THE ALGORITHM OF WATERCOLORIZATION

Figure 1 shows the flowchart of our algorithm of
watercolorization.
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Figure 1. Flowchart of our image processing.

Details of our algorithm of watercolorization are
explained as follows:

Step 1: Input an image of size M x N pixels.

Step 2: Split the image into three color channels: RGB
and perform color diffusion with heat transfer equation by
implementing Steps 3 to 6 for the three color channels
respectively.

Step 3: Set time step and stop time for the heat transfer
Equation (1).

Step 4: According to Equation (3), calculate magnitude
IVull.

Step 5: According to Equation (2), calculate edge to stop
K.

Step 6: Solve Heat Equation (1) to get the image u.

Step 7: Repeat Steps 4 to 6 until stop time is reached.

The following steps relate to spatial mask filter based on
statistics.

Step 8: Set mask size W (=20, in Figure 4), and use Heat
Transfer Image HTI; ;,  for Wy ;) each position (i, /) €
(@, Ni—-r<i'<i+rj—-r<j <j+r}

Step 9: Classify each pixel intensity in each mask into 20
levels by summing the intensity levels of the RGB for each
pixel, normalize the result, and multiply the result by 20.
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Step 10: Compute the highest repetition level in each
mask.

mode(Level(y ), (5)
where the mode of a set of data values is the value that appe
ars most often.

Step 11: Obtain the average value of the RGB intensity
for the pixels corresponding to the highest repetition level
respectively and replace the original RGB intensity value
respectively.

IV. EXPERIMENTAL RESULTS

We have implemented our new image diffusion and mask
filter algorithm and applied it on different scenes in order to
evaluate its efficiency.

Figures 2 (a) to 6 (a) show the original images, and
Figures 2 (b) to 6 (b) show our result images. We can see
that by using our proposed approach, better color effect with
natural appearance can be achieved.

(a) Original image.



(b) Our result image.
Figure 2.

(b) Our result image.
(a) Original image. Figure 4.

(a) Original image.

(b) Our result image.
Figure 3.



(b) Our result image.
Figure 5.

(@) Original image.

(b) Our result image.
Figure 6.

V. CONCLUSION

A heat transfer equation is used as the image diffusion
method, and a statistic mask filter is applied to the
photographic image afterwards. Experimental results show
that better color effect with natural appearance is achieved.

REFERENCES

[1] C.J. Curtis, S. E. Anderson, J. E. Seims, K. W. Fleischer, and D. H.
Salesin, “Computer-Generated Watercolor,” Proc. ACM SIGGRAPH,
Los Angeles, CA, pp. 421-430, 1997.

[2] T. Van Laerhoven, J. Liesenborgs, and F. van Reeth, “Real-Time
Watercolor Painting on a Distributed Paper Model,” Proc. Computer
Graphics Int’l, Crete, Greece, pp. 640-643, 2004.

[3] D. Small, “Modeling Watercolor by Simulating Diffusion, Pigment,
and Paper Fibers,” Proc. SPIE, vol. 1460, pp. 140-146, 1991.

[4] H. Johan, R. Hashimoto, and T. Nishita, “Creating Watercolor Style
Images Taking into Account Painting Techniques,” J. Japan Soc. Art
Science, vol. 3, no. 4, pp. 207-215, 2004.

[5] H. W. Kang, C. K. Chui, and U. K. Chakraborty, “A Unified Scheme
for Adaptive Stroke-Based Rendering,” Visual Computing, vol. 22, no.
9, pp. 814-824, 2006.

[6] S. DiVerdi, A. Krishnaswamy, R. Mech, and D. Ito, “A Lightweight,
Procedural, Vector Watercolor Painting Engine,” Proc. ACM
SIGGRAPH Symp. Interactive 3D Graphics and Games, Los Angeles,
CA, pp. 63-70, 2012.

[71 E. B. Lum and K. L. Ma, “Non-Photorealistic Rendering Using
Watercolor Inspired Textures and Illumination,” Proc. Pacific Conf.
Computer Graphics and Applications, Tokyo, Japan, pp. 322-330,
2001.

[8] E.Leiand C. F. Chang, “Real-Time Rendering of Watercolor Effects
for Virtual Environments,” Proc. Pacific Rim Conf. Advances in
Multimedia Information Processing, Tokyo, Japan, pp. 474-481,
2004.

[9] T. Luft and O. Deussen, “Interactive Watercolor Animations,” Proc.
Pacific Conf. Computer Graphics and Applications, Macao, China,
pp. 7-9, 2005.

[10] A. Bousseau, M. Kaplan, J. Thollot, and F. X. Sillion, “Interactive
Watercolor Rendering with Temporal Coherence and Abstraction,”
Proc. Int’l Symp. Non-Photorealistic Animation and Rendering,
Annecy, France, pp. 141-149, 2006.

[11] M. Wang, B. Wang, Y. Fei, K. Qian, W. Wang, J. Chen, and J. H.
Yong, “Towards Photo Watercolorization with  Artistic
Verisimilitude,” IEEE Trans. Vis. Comput. Graphics, vol. 20, no. 10,
pp. 1451-1460, 2014.

[12] C. Lu and X. Chen, “Image Watercolorization Based on Visual
Weight-Map,” Proceedings of International Congress on Image and
Signal Processing, Dalian, China, pp. 233-237, 2014.

[13] B. Liang, S. Cao, and M. Zhao, “A Native Android Application
Development Based on Watercolor Stylized Image,” Proceedings of
IEEE International Conference on Software Engineering and Service
Science, Beijing, China, pp. 894-897, 2015.



