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Abstract

The problem statement discussed in this paper is a new technique for the
presentation of painterly rendering that uses a K-mean segmentation to divide the
input image into a set of regions (depending on the grayscale of the regions).
Segmenting the input image helps users use different brush strokes and easily
change the strokes' shape, size, or orientation for different regions. Every region is
painted using different brush kinds. The properties of the brush strokes are chosen
depending on the region’s details. The brush stroke properties, such as size, color,
shape, location, and orientation, are extracted from the source image using statistical
tools. The number of regions is set up manually and depends on the input image.
This method allows the user to apply different painting styles to different regions
and create a painterly rendering. MATLAB is used to render the images into
paintings.
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1. Introduction

Non-photorealistic rendering has become one of the major research subjects in image
processing. Non-photorealistic rendering deals with essential topics, including oil paintings,
watercolor paintings, cartoons, pen-and-ink illustrations, and other subjects. One of the main
purposes of painterly rendering is to convert the image to a painting by placing brush strokes
on a canvas to make the final work look hand-crafted.

This research’s contribution is to use K-mean segmentation to divide the input image into
a set of regions depending on the grayscale of the input image. The next step is using a
method to determine the location, size, orientation, and shape of brush strokes. The properties
of the brush strokes are taken from the local source image. The steps of this method can be
summarized as follows:

1. The image is divided into k-regions by using the k-segmentation method. Each region has
pixels that have the same grayscale or are close to it. The user can choose the number to
divide the image.

2. Converting the color from RGB to Lab and dithering to place the strokes.

3. The stroke size is chosen carefully over the image canvas. The highly detailed regions are
painted with small strokes, while flat regions with low details are painted with large strokes’
sizes. This variety of strokes’ sizes helps to get a painted image close enough to the actual
painting. To control the stroke size, the dithering method is used and will be explained in
section 4.3.2.

3. The information of each brush stroke is extracted from the source image, such as location,
orientation, and color. These properties are essential to represent the details of the source
image to get a perfect painting.

4. Each region is painted separately. The painted strokes do not exceed the boundary of the
region. Therefore, the painted regions do not overlap with each other.

In section two, the related literature review is discussed. In section three, the K-mean
segmentation method and dithering method will be explained. In section three, the painterly
rendering algorithm, in general, is described. Section four will show the results, and section
five will highlight the findings of this research.

2. Literature review

Haeberle introduced a new painterly rendering technique that changed the static image to
painting using a collection of strokes whose location was determined by the dithering method.
Haeberle used four elements: size, shape, color, and orientation, extracted from local image
properties, to describe the brush strokes [1]. Litwinowicz introduced an automated algorithm
to produce video paintings using strokes aligned to normal image gradients. He depended on
Haeberle’s work using strokes’ location and colors [2]. Hertzman introduced a novel method
to paint an image with a series of b-spline strokes. In his method, he imitated artists by
drawing large, broad strokes representing the underpainting and then adding more minor
strokes to create details [3]. Gooch et al. proposed a new method to segment the image into
features, find the average center axes of these features, and then use these axes to paint the
brush stroke. Their method helped reduce the number of brush strokes [4]. Chen et al.
suggested a particle system that was fully accessed with Compute Unified Device
Architecture (CUDA) and accurately and realistically replicated wet-wet paint mixtures [5].
Gatys et al. proposed a machine learning method that used convolutional neural networks to
mimic the artistic style of a painting to photography while keeping the original details [6] [7].
Tan et al. and Aharoni et al. presented methods for decomposing images into pigments and
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thickness channels for later recoloring and image enhancement. The color of the painted
image was extracted from an input image, and each color presented in the image consisted of
a weighted mixture of base pigments [8] [9].

3. Theory
3.1 K-mean segmentation method:

The K-mean algorithm is an algorithm that is based on distance. The similarity is estimated
by distance. In other words, when two objects have a smaller distance, the similarity is higher
and becomes lower when the distance between the objects becomes greater. In this way, the
algorithm obtains an independent cluster. The algorithm process consists of the following
steps: First, random points are chosen from different regions in the image as cluster centers to
form K clusters.

The second step is to calculate the distance to each cluster center for each other region and
classify the region nearest cluster center. The third step, calculate the cluster centers of each
region again after separating them. Repeat the second and third steps in the fourth step until
the procedure is completed and the new center is equal to or less than the chosen threshold.
The Euclidean distance formula is used to determine the sum of the squares of the distances
from each point in the region to the cluster center, which separates objects into K regions (Kc
=cl, c2..., ck), each of which has a cluster center K [10] [11]

Mean (ci) = Txieclxi — pel® (1) [10]

The clustering method aims to reduce the square sum mean of distance (k.) =
Yk . mean (c;). The clustering used in this research involves replacing the original values of
the same sort of pixels with their prescribed values (colors), using each color component of
the RGB as an input parameter. The resulting regions were presented on an image without
being displayed one by one [10] [11].

3.2 Dithering method

Dithering is a technique used to imitate the display of colors not available in the present
image's color palette. By combining multiple neighboring hues into a single visible one,
dithering tricks the human eye into seeing more colors than are presented in an image. Many
dithering functions (such as thresholding, patterning, random dither "Robert's algorithm,"
ordered dither, and error diffusion dither) can be used to generate a dithered image. The error
diffusion dither techniques distribute the error (produced by quantizing a pixel) over
surrounding pixels, and the value of a pixel is compared to a single 50% gray threshold (that
is, when black is 0 and white is 255, each pixel is compared to 128). Based on that
comparison, the pixel is either white or black. Following the acquisition of the dithered pixel,
the algorithm computes the difference between the source and output pixels (by simple
subtraction) and then distributes this difference (the “error") over neighboring pixels. In other
words, the algorithm modifies the inputimage as it filters it. The error is divided
between pixels, as shown in the following Figure (1) [12] [13].

It begins with an input grayscale image in floating point format with pixel values ranging
from O (black) to 1 (white). The error, e, from one pixel is added to its neighbors at each step
using the following algorithm, see Figure (2). [12] [13]:

.. .. 7
Iacc(la]-l'l) = Iyec (1,]+1) +E €
. . . . 3
Liec+1,j—1) = L (i+1,j—1) +1_6 € (2) [12]
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Figure 1: Spread error over neighboring pixel [12]

4. The painterly rendering algorithm

The process of painterly rendering consists of three steps: the first is dividing the input
image into several regions using the K-mean segmentation algorithm. The second step is
calculating the dithering for the input image. The white dots of dithering represent the center
of the brush strokes. The third step is extracting the stroke properties from an input image,
such as orientation, size, color, and shape, which are chosen depending on the region details.
4.1 Number of regions (k)
The user can choose the number of regions manually using K-mean segmentation. The main
factor that divides the image is the grayscale (color) of input image pixels. Figure (3) shows
different values of k that are used to divide the image into k regions.

Figure 3: a- The upper left is the original image [14] b- The upper right divides the image to
three regions c- The lower left divides the image to five regions d- The lower right divides
the image to ten regions.
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4.2 Dithered image

The dithering algorithm was applied to the input image; the result is a dotted image (white
and black). The process of dithering was explained above in section (3.2). The white dots
represent the location of the strokes. The highly detailed region has more white dots than the
low detailed regions, as shown in Figure 2.

4.3 Strokes’ properties:
4.3.1 Strokes’ orientation

To measure the stroke orientation, the gradient was calculated at the center of the stroke
(white dot) from the dithering of the input image. Small random values were added to the
amount of gradient to make the stroke more realistic. The amount of random addition to the
gradient differs from region to region and by user choice. The gradient magnitude and
direction were calculated using the following equations:

G,=Ix+1,y)—I(x—1,y) (3)
Gy =1(x,y+1)—1I(x,y—1) 4)

Gx and Gy are the gradients in the x-axis and y-axis directions, respectively.
Applying the Pythagorean theorem to get the gradient magnitude:

G=GZ+G2 (5)

The gradient orientation can be given as the ratio of Gy to Gx.

tanf = (;—z (6)

4.3.2 Brush strokes’ size

High Pass Filter (HPF) was applied to the input image to determine the size of brush
strokes. HPF detects the high details area in the regions. To expand the detected area, the
morphological operator was used. The dilation operator works to enlarge the boundaries of
the detected area gradually. Thus, the detected area grows in size while holes within the same
region become smaller. The centers of the strokes were located in the detected area (high
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details area), which was pointed out by the previous process and was painted in small size. At
the same time, other areas were painted with large brush strokes size. This process allows the
user to keep accurate details of the image without distortion, see Figure (4).

Figure 4: a- Input image [15] b- Image after using HPF c- Image after applies Dilation Operator

4.3.3 Shape of the strokes
Different templates of brush strokes were used; each region was painted using a different
stroke shape assigned by the user. Figure (5) shows some of the templates of brush strokes.

= gl =

Figure 5: Shows different templates of brush strokes [16]

4.3.4 Color of the strokes
The color of the stroke was extracted from the input image. The pixel's color in the input
image representing the stroke's center was chosen as the brush stroke's color.

5. Results

Figure 6 shows the result of two images used as examples of applying a painterly
rendering algorithm. The input images are shown in Figures 6- a and 6- c. Figures 6-b and 6-d
are generated with ten different regions, each with a different brush stroke template. The size
of strokes was determined depending on the details of the region to be painted. The color was
extracted from the input images using the center pixel of the stroke in input images. The
orientation of the strokes was calculated using the gradient plus a small amount of random to
give the painted image a hand-crafted touch. Figure 7 shows the result of using different brush
strokes and orientation sizes. Figure 7-a shows the input image with size 1009*1458 RGB
colored image. Figure 7-b shows the painting image with large brush strokes, and the
orientation was calculated by the gradient and adding a small amount of random. The painting
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was generated with 20 different regions, and each region has different templates of brush
strokes. Figure 7-c shows the painting of the image with small brush strokes, and the
orientation was calculated by the gradient and adding a small amount of random. The painting
was generated with ten different regions, and each region has different templates of brush
strokes. Figure 7-d shows the painting of the image with large brush strokes, and the
orientation is random. The painting was generated with ten different regions, each with
different strokes. Small strokes give better results but are more like an image than a painted
one.

Figure 6: a- The upper left is the original image [14] b- The upper right is a painted
image
c- The lower left is the original image [17] d- The lower right is a painted image.

Figure 8 shows the effect of the number of regions to which the image was divided. Figure
8-a shows the input image. Figures 8- b, c, d, e, and f showed the painted image with 5,10, 15,
20, and 25 segmented regions, respectively. From this figure, one can realize that the painted
image has become increasingly better with increasing the number of regions. More details are
nicely painted with increasing the number of regions such as lips, nose, and eyes.
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Figure 8: Shows the effect of segmentation on the painted image. a- Input image [15]
b- The painted image with 5 segmented regions. c- The painted image with 10
segmented regions. d- The painted image with 15 segmented regions. e- The painted

image with 20 segmented regions. f- The painted image with 25 segmented regions.
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6. Conclusion

Using the K-mean segment helps to manipulate how the user can render the image to
paint. Therefore, one can choose different templates of brush strokes for different regions.
Also, the user can change the strokes’ orientation for each region separately. The number of
regions affects the final result of the painted image. That is to say that the more the regions
are, the better the result is, as shown in Figure 8. This research has also shown that different
sizes of brush strokes gave different results (Figure 7). Using HPF with a morphological
operator during painting the image helped save fine details (such as nose, lips, eyes, etc.), a
matter that made the painted image more refined and realistic. One shortcoming of this
research is that this method is time-consuming and requires CPU and memory-intensive
processing. Also, the brush types were manually chosen.

7. Future work:
As a future work, this research might consider automatic brush selection for different
regions of the image. Also, the time consumption might be reduced considerably
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