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Université de Sherbrooke, Sherbrooke, Québec, CANADA
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Abstract

Near-periodic textures are all around us, in brick walls, fabrics, mo-
saics, and many other manifestations. They are made up of a basic
motif, which can be extracted, yielding a small image known as a
tile. In particular, such textures are used in 3D scenes in virtual
environments like games. However, the memory allocated for tex-
tures on a video card is limited. Generating texture by tiling allows
scenes to be rendered in a realistic manner while using very little
memory. This paper presents a simple method for extracting a rep-
resentative tile from a near-periodic texture, working from a photo.
The period of the texture is calculated to determine the size of the
tile. Then the representative tile is chosen based on two criteria:
avoiding color discontinuities at the junction of tiles, and recreating
a texture that is as faithful as possible to the original.

CR Categories: 1.3.7 [Computer Graphics]: Picture/Image Gen-
eration; I.3.8 [Computer Graphics]: Applications;
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1 Introduction

The notion of texture is used to denote a homogeneous quality of
the surface of an object in an image. There are various kinds of tex-
tures: periodic (e.g., a checkerboard), near-periodic (e.g., a brick
wall) and non-periodic (e.g., grass). Textures in general have gen-
erated much interest in the computer graphics community, and they
are widely used by artists to give a much more natural, realistic look
to their work. Recent studies on textures have primarily sought to
facilitate their use and the creation of other similar textures through
a process of synthesis. Work on texture synthesis can be grouped
into two classes: procedural texture synthesis [Perlin 1985; Wal-
ter et al. 1998; Lefebvre and Poulin 2000] based on mathematical
functions, and sample-based texture synthesis [DeBonet 1997; Wei
and Lovey 2000; Efros and Freeman 2001; Liu et al. 2004b] requir-
ing an input texture fragment. According to a comparative study by
Lin et al. [Lin et al. 2004], several sample-based texture-synthesis
algorithms do not deal well with near-periodic textures. Indeed, the
structural regularity of these textures is often not preserved. Here,
we are specifically interested in a sample-based approach for near-
periodic texture.
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Extracting tiles from near-periodic textures using image-editing
software (i.e., ”by hand”) can be difficult and time-consuming.
Among other problems, the junction between tiles is often not
smooth, even after multiple attempts. In this paper, we therefore
propose an algorithm to search for a representative tile in a near-
periodic texture, working from a photo. This tile is representative
in the sense that the tile alone can be used to generate an image that
is faithful to the original, solely by tiling. Our studies will deals
with geometrically regular textures, corresponding to types 0 and I
in the Liu et al. [Liu et al. 2004b] system. They propose a clas-
sification of near-periodic textures into four types: in type 0, both
color and geometry are regular; in type I, only the color is irregu-
lar; in type II, only the geometry is irregular; and in type III, both
geometry and color are irregular.

In using photographed textures from real-world objects for 3D
scenes in video games, two problems must generally be addressed:
the management of the memory allocated for the textures and the
management of the computing time for the synthesis process. In-
deed, applying texture synthesis techniques such as the ones de-
scribed in [DeBonet 1997; Wei and Lovey 2000; Efros and Freeman
2001] to 3D scenes requires long computing times. Alternatively,
if the output texture is precomputed, a great deal of memory is re-
quired. Our goal is to be able to generate a texture using very little
memory by employing a representative tile, and to have a method
which takes little computing time for the synthesis process.

The rest of this paper is organized as follows: Section 2 presents an
overview of the issues. Section 3 presents the method for comput-
ing tile size. The tile search method is presented and discussed in
Section 4. Our results are given in Section 5, with a discussion and
application to a 3D scene. Section 6 presents our conclusion and
some avenues for future work.

2 Overview

Several papers in the literature report the use of tiles for texture
synthesis. The most recent of these deal with sampled-based texture
synthesis using tiles [Liu et al. 2004b; Liu et al. 2005] and toroidal
texture synthesis [Haindl and Hatka 2005].

Liu, Lin and Hays [Liu et al. 2004b] present tools for analyzing and
manipulating near-periodic texture by modeling the deformation of
textures (geometry, lighting and color). The approach is directed
towards near-periodic textures of type II (irregular geometry). A
near-periodic texture synthesis method specific to type I is proposed
in [Liu et al. 2005]. Initially the lattice of the near-periodic texture
is determined and the synthesis method used is similar to that of
Efros and Freeman [Efros and Freeman 2001], starting from a tile
set. Haindl and Hatka [Haindl and Hatka 2005] use a toroidal tex-
ture synthesis method. This process consists of making cuts on the
edges of the input texture.

The methods in [Liu et al. 2004b; Liu et al. 2005] yield synthe-
sized textures of high quality, but require either long computation
times or, if the output texture is precomputed, lots of memory. The
process of applying a toroidal texture [Haindl and Hatka 2005] is



more complex for 3D scene applications, compared to our method.
Indeed, the cuts on the edges of the input image do not make it pos-
sible to generate a texture by simple tiling. Moreover, the textures
synthesized are merely subjectively similar to the originals; there is
no resemblance criterion.

The major advantages of our method are: 1) simplicity of imple-
mentation; 2) the reduced need for interaction with the user, com-
pared with [Liu et al. 2004b; Liu et al. 2005]; 3) effectiveness for
texture synthesis (see Figure 7); 4) interesting application to 3D
scenes for virtual environments like video games: 4.1) the repre-
sentative tile occupies less memory while yielding a realistic ren-
dering; 4.2) the synthesis process using rectangular tiles is very fast
with existing tools such as the GL REPEAT texture parameter op-
tion in OpenGL.

In order to extract a tile from a texture, its size, and consequently
the period, must first be known. A variety of methods exist for
determining the period of a near-periodic texture. In [Conners
and Harlow 1980; Zucker and Terzopoulos 1980; Kim and Park
1992; Starovoitov et al. 1998; Oh et al. 1999], the period is de-
termined using co-occurrence matrices and other statistical tools
such as the Chi-square (χ2) test, κ statistics and inertias. Certain
authors [Matsuyama et al. 1982; Matsuyama et al. 1983] use an
approach based on the Fourier transform, because if a texture is
near-periodic, all of the energy in the power spectrum is concen-
trated in the frequencies corresponding to the periods. In [Liu et al.
2004a], a method for analyzing patterns in a near-periodic texture is
described. This method, based on the mathematical theory of crys-
tallographic groups, subsequently allows texture pattern extraction.
Lin et al. [Lin et al. 1997] use the autocorrelation function to deter-
mine the period of near-periodic textures. Lee and Chen [Lee and
Chen 2002] present a method for extracting primitives from near-
periodic textures using the wavelet transform. This method consists
of performing a wavelet decomposition on the texture and selecting
two sub-images, after which edge thresholding allows determina-
tion of the period using the Hough transform [Hough 1962]. The
discussion in this paper will be limited to rectangular tiles. Au-
tocorrelation proves to be a very good method and the one that is
simplest to implement [Lin et al. 1997]. We have opted for a simi-
lar method that uses Sum of Squared Differences (SSD) for texture
periodicity detection.

Two criteria have been defined for selecting the tile that is represen-
tative of a texture. First, a criterion is established in order to avoid
colour discontinuities at the tile junctions. A second criterion al-
lows for the selection of only those tiles which can be tiled to yield
a texture faithful to the original. Before applying these criteria, we
need to compute the tile size.

3 Tile Size

The texture’s periodicity is computed along two principal axes, the
width W and the height H. Let I be an image of size W ×H, con-
stituting a function which relates each pixel (i, j) to its RGB color
I(i, j), where 0 ≤ i < W and 0 ≤ j < H. Take two images I1 and
I2 of the same dimensions W ×H. The SSD is a similarity mea-
sure used to verify whether two images are similar or significantly
different; Equation 1 defines the SSD for the two images I1 and I2.

SSD(I1, I2) =
W−1

∑
i=0

H−1

∑
j=0

(I1(i, j)− I2(i, j))2 (1)

We define the sum of squared differences with normalization

(SSDN) as the SSD normalized by the size W ×H of the two im-
ages. Equation 2 gives its expression.

SSDN(I1, I2) =
SSD(I1, I2)

W ×H
(2)

We begin by determining the period of the texture in terms of the
width of the image. Suppose we have a near-periodic texture I of
size W ×H and an identical copy of it lined up as in Figure 1-(a).
We then perform a pixel-to-pixel horizontal displacement, moving
the first texture to the right relative to the second texture, which
remains fixed. For each displacement k, let I1k be a sub-image of the
first texture with upper left-hand corner (0,0) and lower right-hand
corner (W − k− 1,H − 1). Similarly, let I2k be a sub-image of the
second texture with upper left-hand corner (k,0) and lower right-
hand corner (W − 1,H − 1). I1k and I2k are of equal size Wk ×Hk,
lined up as shown in Figure 1-(b), where 0≤ k <W . Letting g(k) be
the value of SSDN for I1k and I2k, searching for the near-period of
the texture in terms of the width of I amounts to finding the distance
between the smallest consecutive local minima of g. For instance,
for the textures in Figure 2-(a), the graphs of g are shown in Figure
2-(b). Let the abscissa of the last minimum xn observed on the
graph of g and the number of periods observed, n (for instance, in
the case shown in Figure 2-(b), n = 6). The period of the texture in
terms of the width, denoted by WT , is given by Equation 3.

WT =
xn

n
(3)

(a) (b)

Figure 1: (a) Two identical images I of size W ×H, lined up. (b)
Dispacement of one by k, relative to the second, which remains
fixed. The two subimages I1k and I2k that line up are shaded in
grey.

A similar approach is used to find the period of the texture in terms
of the height, as shown in Figure 2-(c). This period in terms of
height is denoted by HT .

In general, WT and HT are not whole, so taking the floor function
for WT and HT may bias the term SSDN(I, IT ). Indeed, when the
tiling contains multiple copies of the tile, an error of several pixels
may result. We therefore propose making a minor change to the
original texture by reducing its size (scale-down). The value for
the horizontal period of a near-periodic texture is a real number
denoted by W × T ; we suggest taking WT = E(WT ), where E is
the ”whole portion of a real number” function. Scale-down of the
original texture in terms of width occurs in going from xn to (n×
WT ). Equation 4 gives the scale factor. The height reduction ratio
for the texture can be found using a similar approach. A tile T is
finally defined as being an image of size WT ×HT , extracted from
near-periodic texture I.



r =
xn

n×WT
(4)

Figure 2: (a) Photo of a fabric. (b) g plotted against width. (c) g
plotted against height.

4 Tile Search

The goal is to be able to extract a representative tile from a near-
periodic texture, which can be tiled to generate an image that is
maximally faithful to the original. To this end, we have defined two
criteria, the continuity criterion and the resemblance criterion.

4.1 Continuity criterion

In Figure 3-(a) two tiles are extracted from two different areas. We
can observe discontinuities at the junctions of the tiles in Figure 3-
(c), and not in Figure 3-(b). To avoid problems of discontinuity at
the tile junction, a continuity criterion was defined, corresponding
to minimizing the first-order partial derivative of the intensity at
tile junctions in the generated image. We therefore consider h, a
function that tells us whether the tile to be extracted can generate an
image in which the tile junctions are smooth. The first-order partial
derivatives of the intensity of the generated image at tile junctions
can be interpreted as finite differences. We use the SSDN at any
point on a tile junction. Other methods with more precision can
also be used. For a tile T of size WT ×HT , Equation 5 gives the
function h.

h(T ) =
1

2× (WT +HT −1)
× c(T ) (5)

with c(T ) = ∑WT−1
i=0 (T (i,HT −1)−T (i,0))2

+∑HT−1
i=0 (T (WT −1, i)−T (0, i))2

The value h(T ) is simply the SSDN of the pixels that may be lined
up in the tiling. The last column of T is therefore compared with
the first column of T , and the first row of T with the last row of
T . The function h is such that the smaller the value of h(T ), the
more likely it is that tile T can generate an image with smooth tile
junctions. The function h allows us to select the best tiles: those,
such as the one in Figure 3-(b), whose tilings will yield the best im-
ages in terms of smooth junctions. Of all possible tiles, we retain a
proportion p representing the best ones in an initial set S1. In prac-
tice, S1 contains only the coordinates of the upper left-hand point
of each tile T in image I. Using S1 has the advantage of consid-
erably reducing the computing time for the next step (resemblance
criterion).

(a)

(b)

(c)

Figure 3: (a) Near-periodic texture with two selected tiles, one with
green edges and the other with red edges. (b) The tiled image with
the green one has no visible discontinuity. (c) The tiled image with
the red one has visible discontinuity.

4.2 Resemblance criterion

For a given tile, it is able to generate an image of the same size and
lattice as the original near-periodic texture. Note that in the tiling
process, the selected tile remains in the exact position it occupied
in the original texture. The process is illustrated in Figure 4. Start-
ing with the set S1 of tiles most capable of yielding images with
smooth tile junctions, a new selection criterion is introduced, with
the goal of remaining as faithful as possible to the original texture.
The SSDN is used to verify the similarity between the original tex-
ture and that generated by tiling an extracted tile. For each tile in
S1, a texture of the same size as the original is generated accord-
ing to the process shown in Figure 4. The best tiles are those for
which the SSDN of the generated and original images is smallest.
We associate a weight α to h and another weight β to SSDN. These



weights allow us to tailor the algorithm depending on whether we
want more continuity at tile junctions or more fidelity to the origi-
nal. Once the values of α and β have been set, an objective function
S is defined. Let IT be the image of the same size as I generated by
tile T . Let S be the sum of h(T ) weighted by α and the SSDN of I
and IT , likewise weighted by β . Equation 6 gives its expression.

S(T ) = α ×h(T )+β ×SSDN(I, IT ) (6)

(a) (b)

(c) (d)

Figure 4: Steps to generate a texture from a given tile. (a) Localiza-
tion of the tile’s position. (b), (c), (d) Tiling process illustrated.

The system allows us two options: to automatically output the best
tile according to S, or to display the m best tiles according to S,
as well as the images generated by these tiles, for selection by the
user. Let S2 be an ordered set in increasing order, containing the
m tiles for which we have the m smallest values of the objective
function S. Thus, the first tile in S2 is the one for which we have
minimum{S(T ),T ∈ S1}. The algorithm of a representative tile ex-
traction is summarized in Table 1.

Begin
Input:
I // near-periodic texture;
p // proportion of all possible tiles to preserve in set S1;
m // number of tiles to display;
α // weight for continuity;
β // weight for resemblance;
tile search algorithm :
compute the tile size in pixels (WT ×HT ); // section 3
compute S1 according to the function h; // section 4.1
compute S2 according to the objective function S; // section 4.2
display the m best tiles and their tiling;
End

Table 1: Summary of our algorithm.

5 Results and Discussions

To check the effectiveness of the representative tile extraction
method, we tested it on a variety of near-periodic textures like the
images in Figure 7. All of these textures are derived from pho-
tographs of real-world objects.

Figure 5 illustrates how the choice of parameters affects the ob-
jective function S. Figure 5-(a) shows a photo of a building. Fig-
ure 5-(b) was obtained with p = 0.01, α = 30 and β = 1. The
tile junctions are smooth and the generated image is quite similar
to the original. Figure 5-(c) was generated with parameter values
p = 0.02, α = 0 and β = 1. It is more similar to the original, but its
tile junctions are not smooth (look at the bottoms of the windows).

(a)

(b)

(c)

Figure 5: (a) Photo of a building. (b) Image generated with p =
0.01, α = 30 and β = 1. (c) Image generated with p = 0.02, α = 0
and β = 1.

Figure 7-(a) is the same as Figure 2-(a). The tile search operation
made it possible to locate a representative tile in Figure 7-(k). This
tile generates the texture in Figure 7-(b). The size of the input near-
periodic texture in Figure 7-(a) is 1200×600, the size of the tile in
Figure 7-(k) is 196× 148 and its extraction location is (117,220)
relative to the system of reference whose origin is the upper left-
hand corner point of the image. The parameters used are 10−4 for
proportion p, α = 1 and β =1. The tile was found after 212 seconds
on a Pentium 4 (2.8MHz) using non-optimized C++ code. For the
texture in Figure 7-(c) (of size = 1080× 720 pixels), the extracted
tile is in Figure 7-(l) (of size = 301× 196 pixels). The generated
texture by this tile is in Figure 7-(d). We use p = 10−4, α = 1, β
=1, and the time to extract this tile is 178s. In the same way, Figure
7-(m), (n) and (o) show the tiles extracted by our algorithm from
the textures in Figure 7-(e), (g) and (i), respectively. The synthesis
textures for these tiles are shown in Figure 7-(f), (h) and (j), respec-
tively. Table 2 summarizes the information on the original texture
and the representative tile extracted: the size of the original texture,
W ×H; the size of the tile, WT ×HT ; the coordinates of the upper
left-hand corner of the tile in the original texture ((x,y)); the pa-
rameters p, α , β ; and the time required to find the tile. It should
also be noted that there is a relationship between the proportion p
and the weighting α . Indeed, if proportion p is very small, set S1
will already contain tiles with smooth tile junctions, and thus all of
the generated images will satisfy the continuity criterion relatively
well, regardless of the value of α . We did not resort to scale-down
for the textures used, because we were already obtaining good re-
sults.



(a) (b)

Figure 6: 3D scene of a tunnel: (a) Using the textures from Figure 7-(c) and (e). (b) Using the representative tiles in Figure 7-(l) and (m).

Application to a 3D scene: To show the effectiveness of extract-
ing a representative tile from a near-periodic texture, we applied
the process to a 3D scene of a tunnel (Figure 6). We used Buccia-
relli’s examples from GLUT [Glu ]. Initially, we use the textures
from Figure 7-(c) and (e) in the scene in Figure 6-(a). In Figure
6-(b), only the representative tiles of Figure 7-(l) and (m), found
by our algorithm, are used as texture in the scene. We also use the
GL REPEAT texture parameter option in OpenGL. The representa-
tive tiles in Figure 7-(n) and (o) take 13 times less memory than the
texture in Figure 7-(c) and 10 times less memory than that in Figure
7-(e), respectively.

The results show that the tile extraction method is effective. The
generated images cannot be as beautiful as those generated by cer-
tain texture synthesis methods such as [Liu et al. 2005]. The reason
is that our algorithm, unlike that of Liu et al. [Liu et al. 2005], al-
ways gives a periodic texture, which is not always desirable. But
the use of a representative tile proves to be the fastest approach, and
the least expensive, in terms of memory space required for texture,
in 3D scene applications.

6 Conclusion

In this paper, we have presented a new, simple method for the ex-
traction of a tile from a photographic near-periodic texture. We
began by determining the size of the tile using an SSD and estab-
lished two criteria that allow the selection of only the best tiles. The
results demonstrate the method’s effectiveness. We stress that our
aim is to stay as close as possible to the original image, using only
a single extracted tile.

It would be advantageous to be able to search for a representative
tile without considering proportion p, while maintaining a relatively
short processing time. Another improvement would be the ability to
extract several different tiles, so that the Wang tiles method [Cohen
et al. 2003] could be applied to yield a much more natural-looking
synthesized image and facilitate its application in 3D scenes [Wei
2004]. It would be interesting to make our algorithm completely
automatic. Also note that other more effective similarity measures

also exist[Hertzmann et al. 2001; Gooch et al. 2005], which could
be the subject of future work.
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Figure 7: (a), (c), (e), (g), (i): Input near-periodic textures. (k), (l), (m), (n), (o): Representative tiles extracted with our method from the
respective near-periodic textures. (b), (d), (f), (h), (j): Textures synthesized by tiling from the respective tiles.


