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Abstract. We introduce a new method for texture synthesis on regular
and irregular example textures. In this paper, an enhanced patch-based
algorithm is proposed to select patches with the best structural similarity
and to avoid discontinuity at the boundary of adjacent patches. This new
method utilizes a feature-weighted function to measure the structural
similarity. A re-synthesis technique is presented to reduce the structural
discontinuity. We conduct a comparison study to verify the proposed
method. Preliminary experiments show that the proposed method can
yield better results than other well-known methods for examples used in
this study.

1 Introduction

Texture synthesis is a popular research topic in computer graphics. In the past,
many previous methods have been presented. The kernel of these previous works
is structural similarity matching. Generally, there are two classes of methods:
1) pixel-based [IL2,6,[7,[8] and patch-based [3,[4L[5,0,[10] methods, respectively.
Pixel-based algorithms synthesize only one pixel at a time. Efros et al. [2] syn-
thesize a new pixel by searching the sample image and finding the pixel that has
the most similar neighborhood. This algorithm works fine if a larger neighbor-
hood size is chosen to measure similarity. Therefore, it is very slow. Wei et al. [7]
utilize a pyramid synthesis and a tree-structured vector quantization method to
accelerate [2]. Later, Ashikhmin [I] extends [7] by reducing the searching space
of the input image to several candidates. Hertmann [6] presents the other ap-
plications, like learning painting styles, based on [7]. Zelinka et al. [§] create a
novel jump map, which stores a set of matching input pixels (jumps) for each
input pixels. It allows their algorithm to synthesize texture in real time.

In contrast to pixel-based methods, patch-based methods synthesize a patch
at a time. Xu et al. [3] synthesize new textures by random patch pasting. The
problem with random patch pasting algorithm is that the discontinuity and ar-
tifacts at the overlapped region of the adjacent patches. Efros et al. [4] present
a minimum-error-boundary-cut within the overlapped regions to reduce the dis-
continuity and artifacts. Liang et al. [B] apply feathering technique on the over-
lapped regions and accelerate the search by a quad-tree pyramid data structure.
Wu et al. [9] produce a feature map and texture map to guide the patch selection
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and align overlapped region by measuring structural similarity. In contrast to
most patch-based methods, Nealen et al. [I0] adaptively splits patches to suitable
sizes while satisfying user specified error for the mismatching in the overlapped
regions. A pixel-based re-synthesis is then applied to the mismatched pixels in
overlapped regions.

2 Methodology

To synthesize texture, most algorithms consist of two steps: 1) searching most
similar neighborhood in the input image and 2) avoiding discontinuity in the
generated texture. In this paper, the proposed patched-based method uses a
feature-weighted function to guide our searching for the most similar neighbor-
hoods and a re-synthesis approach to reduce the artifacts at the overlapped
regions.

2.1 Similar Neighborhood Search

Our approach is a patch-based texture synthesis algorithm and it consists of the
following steps:

1. Select an initial patch from input texture randomly and paste it to the left
top corner of the output texture.

2. Search a new adjacent patch that has the most similar neighborhood in the

input texture constrained by a L-shape.

Paste the selected patch to the output image in a scan-line order.

Re-synthesize the overlapped region.

Repeat step 2 to 4 until we complete output image.

CUp w

In the past, most methods compare the difference of pixel color when they
search the most similar L-shape neighborhood. The importance of each pixel
in the L-shaped neighborhood is treated equally. However, in these methods,
most artifacts happen to the boundary of adjacent patches. To alleviate this
problem, we propose to strengthen the importance of pixels closer to the patch
boundaries as we measure the similarity of patches. In our algorithm, a Gaussian
distribution function is used to modify the importance of pixels. The distance
weight equation Wy is defined as follows.

1 _ d(i,j2>2 (1)
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where d(i, ) is the distance form pixel (4, j) to the closest patch boundary. Figure
[ illustrates the visualization of weight variation for each pixel in L-shape.

To judge whether a synthesis result is good or not depends on if its edge
structure is similar to original texture or not. Hence, a structure-weighted func-
tion W is also considered as the similarity-searching criterion. In eq. Bl W is
described as follows.

Wd(ivj) =
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Fig. 1. Visualization of weight variation. Black line represents patch boundary at L-
shape. The pixel color in L-shape means the weight of a pixel where red color represents
the higher weight

where Mo Tepresents the color with the maximum number of pixels among
all similar colors in L-shape, P; ; is the color of the pixel at (7, 7). In L-shape,
most pixels should have colors that are closer to the based color M .-, and
the structure elements such as edges and lines should have a larger difference
to this based color. Therefore, a higher weight is given to pixels that have a
larger difference to the based color M.,.. Finally, both distance and structure
Weighted function, W, and Wy, are integrated into our similarity measurement
and is called the feature-weighted function below.

Sz’m = Z Pdiff(i,j)(Wd + Ws) (3)

i,j€L—shape

where Pyir¢(4,7) is the color difference of pixels in the L—Sha@e between input
and output images. Searching similar neighborhood using eq. 'S can help us find
& patch with less artifacts at the boundary.

2.2  Repair Artifacts in Overlapping Regions

After the most similar patch is selected and is pasted into the output image,
some artifacts may still exist. In this section, we will further reduce artifacts.
First, we compute the error for each pixel in the overlapped region. Then, we
use Efros et. al’s method to find a minimum error path through overlapped
region. After the minimum error path is found, we treat this path as Igw central
axis and define a five-pixel wide region, called repairing area. Figure 2' shows an
example of a repairing area.

In the repairing area, we treat pixels as mismatched pixels if their errors
exceed a selected threshold é. Then we re-synthesize these mismatched pix-
els in a region-growing manner from the boundary of the repairing region to
its central axis. The value of the mismatched pixel is repaired by the me-
dian value of the 5 x 5 matched neighboring pixels. After re-synthesizing all
mismatched pixels, we finally apply Gaussian smoothing filter to these newly
repaired pixels.
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Fig. 2. Left: Computing the error for each pixel in overlapped region and finding a

minimum error path. Right: Repairing area

Fig. 3. Experimental Results

Experimental Results

3

In this section, we demonstrate some preliminary results in comparison with two
well-know methods: pixel-based [I] and patch-based [5] algorithm. Figure [ and

Figure [ are near-regular texture. Figure [l shows an irregular texture example.
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Fig. 5. Experimental Results
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In these three examples, the left-top image is original input, the right-top image
is synthesized by [I], the left-bottom image is synthesized by our method and
the right-bottom image is synthesized by [5]. From our preliminary results on
these three examples, the pixel-based method [I] does not work well. The results
by our method are comparable to those by [5]. For further comparison, we see
some difference between [5] and ours. In Figure Bl the structure distribution,
grid size and shape by the proposed method are almost similar to those of
the original sample texture. Figure [ shows that our method can yield better
result in preserving complete structural elements and continuity at the patch
boundary. Please watch the top-right part of the result by [5]. There is some
obvious discontinuity on the shapes of cans. In Figure [, it is hard to compare
difference between ours and [5].

4 Conclusion and Future Work

Pixel-based texture synthesis tends to introduce blurring effect and is more suit-
able for irregular textures, like clouds, ripples, and other natural images. Patch-
based texture synthesis can preserve the global structure of the sample texture,
but to reduce artifacts and discontinuity at patch boundary is an important
work. In this paper, we proposed a new algorithm on both regular and irregular
textures. The proposed method is a patch-based algorithm and it consists of
two parts: 1) we first apply feature-weighted function to search the most similar
neighborhood patches and 2) then, we re-synthesize mismatched pixels to reduce
artifacts and to minimize the structural discontinuity. This new scheme can solve
these problems well. In the near future, we plan to extend the current work to
the perspective texture synthesis. We also like to apply our method to some
textures with special structure, like the wing of butterfly and the tail of peafowl
fish. In addition, we would like to apply our technique to synthesize texture for
the expression change of head animation [II] or for 3D morphing applications
A2, 13].
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