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Abstract

In this technical report, we present a technique to synthesize
featured textures easily and interactively. The main idea is to syn-
thesize the texture by copying irregular patches from the source to
the target texture, each of them containing a complete feature. The
interior part of the feature is not touched while the cutting and
stitching is done on the background texture between the features.

The technique starts by selecting a feature in the source texture
by the user, after which the algorithm �nds the positions of other
features, generates a similar distribution of features, and �nally syn-
thesises the target texture by copying and stitching patches of the
target's Voronoi cellular shapes from the source texture.
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Abstract

In this technical report, we present a technique to synthesize featured textures easily and interactively.
The main idea is to synthesize the texture by copying irregular patches from the source to the target
texture, each of them containing a complete feature. The interior part of the feature is not touched while
the cutting and stitching is done on the background texture between the features.

The technique starts by selecting a feature in the source texture by the user, after which the algorithm
�nds the positions of other features, generates a similar distribution of features, and �nally synthesises
the target texture by copying and stitching patches of the target's Voronoi cellular shapes from the source
texture.

1 Introduction

Computer graphics applications often use textures to decorate virtual objects to increase realism without
modifying geometric details. In recent years, texture synthesis has been used as a useful tool to generate
large textures starting from a sample texture. It has also other applications such as hole �lling and interactive
game programming. Sample-based texture synthesis schemes are based on analysing the sample texture to
create visually similar images. From a sample image taken from nature by a photographer or made by an
artist, our technique tends to generate an in�nite aperiodic texture based onthe patch-based techniques.
Figure 1 outlines the stages of the technique.

This paper starts by a quick overview of the last and most related contributions to our work in the �eld of
texture synthesis in section 2. In section 3, our technique will be explained indetail. Our work is composed
of two main components, the �rst is analysing the source texture and extracting the features' positions, and
then generating a similar distribution in the target texture and that is explained in the subsections 3.1 and
3.2. The second and major component, which we consider it as the main contribution in our work, is the
shape of the patch and its placement in the target texture, which is discussedin subsection 3.3. In section 4,
we show some generated results from different textures followed by discussion. Finally, section 5 concludes
this work and puts some recommendations for future work.

� e-mail: muath.sabha@cs.kuleuven.be
ye-mail: philip.dutre@cs.kuleuven.be
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Figure 1: For the source texture (a) a feature is selected by the user (b). Similar features are detected and
located (c) and their Voronoi diagram is constructed (d). A similar distribution to the source (c) is generated
in (e). The Voronoi diagram of the generated distribution is generated in (f), similar shape cells are copied
and stitched to the resulting texture (g).

2 Related work

There are many sample-based synthesis approaches which start from an exemplar and generate a new texture.
Texture Synthesis by Analysisgenerates a new texture depending on statistics made on the sample texture.
De Bonet [Bon97] analysed the histogram over multiple scale �lters while Portella and Simoncelli [PS00]
improved the results by applying more complicated optimization procedures. Zalesny and Van Gool [ZG01]
synthesized the texture by producing joint statistics on the exemplar.

Pixel-based Texture Synthesistechniques depend on the neighborhood matching in generating the tar-
get texture pixel by pixel. For each pixel, the already synthesized spatialneighborhood is compared to
exemplar neighborhoods to identify the most elaborate pixels. Efros and Leung [EL99] generates pixels in
spiral order in the target texture while most of the others synthesize pixels inscan line order. [WL00] and
[SPD07] accelerate the process, [Ash01] coherently construct patches, while [TZL� 02] and [ZG02] pre-
computed the similarity to speed up the process. [LH05] used parallel processing on the GPU to accelerate
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synthesis with an intuitive user control, while in [LH06] the appearance is used as a comparison instead of
color. Appearance vectors are build for this purpose, and heir dimensionality are reduced in order to create a
new appearance-space exemplar to work in real time. Like most of the pixel-based techniques, [KEBK05]
relies on the Markov Random Field. The authors de�ned an optimization metric tomeasure the quality
of the synthesized texture compared to the input sample. Texture morphing [MZD05] works better with
Pixel-Based techniques, and [TW04] uses the texton mask for texture morphing. [Tur01] [WL01] used
pixel-based approach to synthesize texture on surfaces, and [ZG03]used a a data structure called jump-map
to synthesize pixels over surfaces.

Patch-based Texture Synthesis: Efros and Freeman suggested copying one patch-at-a-time instead of
one pixel-at-a-time. This maintains the interior part of the patch. Xu et. al. in [XGS00] and Liang et. al.
in [LLX � 01] also worked early in Patch-Based texture synthesis. The idea was stitching random patches
from the sample texture together and modifying them in a consistent way. The Graph-cut [KSE� 03] and
GrabCut [RKB04] techniques improved the way of cutting and stitching the patches, while [WY04] tries
to match the feature to avoid discontinuities. [LLH04] worked on synthesizingthe near regular textures and
for that, the user inputs are important in assigning the latices and the techniqueextracts the deformations in
color and geometry. The lapped texture technique [PFH00] tries to stitch random patches over 2D and 3D
meshes, while [SD06] tried to speed up the patch selection process. [TWJ05] uses the wavelets to select
suitable patches.

Some techniques try to build different square tiles from the source texture [CSHD03] [NC99] [LD06]
and [NWT� 05], and then synthesizing by matching edges or corners. The main drawback of tile-based
texture synthesis is the limitation of the variety due to the �xed tile set and mostly the tiling appears regular
if the texture is viewed from afar, especially for non-homogeneous textures. This technique also works
mostly with stochastic textures or featured textures with relatively small features. This is due to the way in
which the tiles are constructed to �nd matched edges.

3 Our Technique

In our technique, we try to synthesize a range of textures in which clear features are present in front of a
background, which is mostly a stochastic texture. Those textures can be found commonly in nature such as
�owers �elds, sand with stone pebbles, animals and birds in �elds water andsky. We target this category
of textures because most of the existing texture synthesis algorithms do not work well with an input texture
of two different categories (featured and stochastic) or they would need different parameters for each part
of the texture. Our approach is also motivated by the observation that the human eye notices mostly main
features in an image, while also being sensitive to cuts in these main features [WPG02].

Most of the previous Patch-Based texture synthesis techniques do not take care of the patch shape or
its position relative to the features. Most of the previous techniques (i.e. [EF01], [RKB04], [SD06]
and [LLH04]) use rectangular shape which is mostly suitable for near regular textures, while others use
randomly irregular patch shapes by �nding minimal cuts.

Our technique is summarized in �gure 1 while the next subsections detail it with each stage separated
in a section.

3.1 Feature positions

Our technique starts with assigning the centers of the main features in the source texture. The user manually
selects a feature from the source texture; depending on this selection the technique �nds the positions of
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Figure 2: This �gure is the source texture (a), along with the selected feature (b), while (c) shows the result
of cross-correlation between the feature and the source texture. Blue indicates a high correlation. A suitable
threshold needs to be used to isolate the features in the texture. The yellow detected roses, R1 to R12,
are numbered according to the sequence of detection. (d) shows the distribution of centers of the detected
features. The edge feature is not considered because less than half of it is inside the source texture.

similar features as shown in �gure 2(a) and 2(b). We use the cross correlation between the selected feature
and the source texture based on the CIE L*a*b* color space. Figure 2(c) shows the correlation result for a
sample feature selected by the user from the source texture. Figure 2(d)shows the source distribution, or
Source Space, which represents the centers of the features in the source texture.

To improve the result, the user interactively can add, move or delete featurecenters to make the resulting
source distribution as accurate as possible, which means, if the cross correlation doesn't detect all the fea-
tures or the features near edges, and their existence helps in generatingthe target distribution, those feature
positions can be added. This is shown in the �rst stage of �gure 2(c), where the edge feature is not detected
but it can be added to �gure 2(c).

The cross correlation is suitable only for textures with rotation invariant features.

3.2 Distribution

A Voronoi diagram is constructed in the source distribution to de�ne the direct neighbors for each point in
the space. To generate a new distribution of features in the target texture,we start by placing a point in
the top left corner on the target space. This point will be the current point CP which we will look for its
surrounding points. A random pointSPn is picked from the source texture. A list of direct neighbors of the
pointSPn is constructed, and let's name this list asSurroundingsList. Each point from theSurroundingsList
is tested to be added to the target space on a relative position toCP as its relative position toSPn . If the
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Figure 3: Generating the distribution. The green points in the target distribution are the suggested points.
Two of them are canceled (those with the red cross), because the distances to their neighbors are less than
the minimum radius of random points in the source distribution. The other two areaccepted, so they will be
pushed to the queue. The source distribution is taken from the source distribution of �gure 2.

tested point satis�es the conditions, which means its relative distances and angles from the surroundings
are subset from the original distances and angles and lies within the boundaries of the target space, it is
added to theTargetQueue, otherwise, it is exceeded to the next point from theSurroundingsList. When the
SurroundingsListis empty, a new point from theTargetQueueis popped to be the newCP. This procedure
runs until theTargetQueueis empty, which means all the target space is covered.

For more clarity, suppose that we reached the current pointCP (red spot) in �gure 3(b), and the green
points have already been placed successfully in the target space, and we want to generate the next points
based on this point. We pick a random point from the source space and suppose that it wasSP10 from the
�gure 3(a). It is clear that the surroundings ofSP10 aref SP7, SP8, SP11, SP12 andSP9g with relative
spacings from this point indicated by blue lines. When placing the 5 surroundings to the target space, they
take the namesTP1 to TP5, which are the yellow spots in 3(b). The newTPn points are added and tested
one-by-one. In the procedure of adding a new point, the Voronoi diagram is constructed, and the distances
between the new added point and its surroundings are tested, if the minimum distance matches (equals or
more than) the minimum distance of a random point taken from the source (it could be different fromSP10),
the point is added to the target space, otherwise, it is discarded. In the example of �gure 3(b), the points
TP1 andTP5 are discarded, while the others are kept. This also means that points which are kept in the
space are added to theTargetQueue. Each of the points in theTargetQueuewill be popped out and act as a
CP.

To assure that the distribution satis�es the original distribution, the Delaunaytriangulation is used in
adding each new point to the generated distribution to compare the statistics of the distances in the generated
space to those in the source space.

In the generated distribution, the user can control the density of the generated positions. This can be
done by putting a factor for the ratio between the minimum distance of the point generated in the target
space to the minimum distance of the random point picked from the source space. If this factor is less than
1.0, the effect will be increasing the density for the resulted distribution, and if it is more than 1.0, the target
space will be sparser than the source space. Different results are shown in �gure 5. The factor cannot be
less than certain value which makes the minimum target Voronoi cell radius equals toRmin (the radius of
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Figure 4: The procedure of pasting a cell. The patch which is brought from the source texture is the cell with
a surrounding band (surrounded by blue line). The overlapped region (surrounded by red line) is stitched
with the already synthesized part of the target texture after �nding the best cut between the path and the
target.

the selected feature) which is indicated in �gure 2(b).

3.3 Patch selection and stitching

After generating the distribution for the target texture, a Voronoi diagramis constructed. Each cell center
indicates a feature center. Starting with the �rst cell in the top left corner, randomly, a feature position from
the source texture is selected. A patch with similar shape of this cell is copied from the source and placed in
the target texture.

The patch from the source texture to be copied is not only the target cell area, but a region around the
selected cell is copied with the patch to overlap the surrounding cells as shown in �gure 4. The width of the
region can be de�ned as a parameter, but, in all our examples, we used a relative constant band width which
is 0.25 the distance between the center of the Voronoi cell and its neighbor.

The L2-norm of the overlapped region is constructed. A cutting algorithm isused to �nd the best cut.
In our implementation, we used the Dijkstra shortest path (used in [EF01] and[SD06]) but any other
technique like Graph-cut [KSE� 03] or Grab-cut [RKB04] could be used as well.

4 Results and Discussion

The main objective of the technique is to copy complete features and making cutsbetween features without
touching the features themselves. From the results in �gure 5, we noticed that the aim of the technique is
achieved.
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Figure 5: Some of the technique results on the right together with their sample textures on the left, in which
features are not affected by the inter between cuts. The left are the sample textures while the right are the
generated ones. Different condensing factor values where used.

From the false color image shown in �gure 7, it is clear that the randomness inselecting the features to
be pasted is good, and there are some continuities in copying complete regions from the source to the target
texture.

Testing our technique on different near regular textures, the techniqueproves to works reasonably good,
and this is shown in the results of �gure 6.

5 Conclusion and Future Work

We discussed a technique which improves the synthesis procedure for animportant category of natural
textures. The main contribution of the technique is choosing the patches suchthat the interior part of the
features is not affected from any discontinuity caused from stitching patches from source to target texture.

The technique can be extended to work with the full range of the feature based textures. The power
point of the technique is that the most important parts and mostly noticeable regions of the texture are not
distorted.

The technique can be extended to map textures directly on 3D surfaces. The inevitable deformation can
be between the features and the features could be scaled to match the targetmesh. By designing an editor, a
user can add, drag, delete or even merge features from other textures.
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Figure 6: Testing the technique over near regular textures.

Figure 7: Some of the technique results together with their false color images to show from where each
patch was cut, and out of that, we noticed that the patches are selected randomly. For this example, the
condensing parameter was selected to be high to show the effect of this parameter on the false color image.
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Figure 8: More results.
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