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Abstract

Departures from a regular texture pattern can hap-
pen in many di�erent dimensions. Previous related
work has focused on faithful texture synthesis for near-
regular texture departing along the color and intensity
axes while the underlying geometric regularity is well
preserved. In this paper, we address the issue of faith-
ful texture synthesis for textures that have both struc-
tural and color/intensity deformations. We propose
a framework that treats irregular texture as a defor-
mation from regular texture by �rst deducing a defor-
mation �eld between the input irregular texture and
its corresponding near-regular counterpart. The novel
idea in this work is to treat the deformation �eld itself
as a texture that is both visual and functional. As a
result, we can handle faithful texture synthesis for a
much larger variety of near-regular textures.

1 Introduction

A large amount of texture synthesis work has been
done in computer graphics. Some of the representative
work includes [2, 6, 12, 1, 3, 5, 9, 13, 7]. Most exist-
ing work shares two common themes: (1) texture is a
stochastic, random phenomena (non-regular) and (2)
texture synthesis is a local process. Alternatively, we
view textures as di�erent forms of departures from reg-
ularity, and we are exploring a method that combines
both local intensity and global structural information.

Departures from a regular texture pattern can hap-
pen in di�erent dimensions, including: color, inten-
sity, geometry (global versus local, rigid versus aÆne
versus perspective etc.), resolution, occlusion or non-
linear distortion caused by viewing media. Previous
related work has focused on faithful texture synthe-
sis for near-regular texture with color and intensity
variations [11] while maintaining underlying geomet-
ric structural regularity. Examples include brick walls,
tiled oor and woven straw sheet. In this paper,
we address the issue of faithful texture synthesis for
textures that have both structural and color/intensity
deformations.

For the convenience of clarity in this paper, we

shall use the term regular texture to refer to peri-
odic wallpaper patterns [10]; near-regular texture to
refer to textures with little geometric structural dis-
tortions but considerable statistical color and intensity
departures from regular texture [11]; and irregular tex-
ture to those textures that have both structural and
color/intensity deformations from regular texture, i.e.
the underlying lattice of a texture is irregular1. See
Figure 1 for examples of each of these texture types.
See Figure 2 for an irregular texture sample and its
near-regular version (its underlying lattice is straight-
ened out).

We propose a framework that captures the geomet-
ric deformation of irregular texture by deducing a de-
formation �eld between the input texture and its cor-
responding regular texture. We treat the deformation
�eld both as a 2D vector �eld and as a texture that
can be synthesized. Therefore, the deformation �eld
has a dual property that is both visual and functional.
As a result, we can handle faithful texture synthesis
for a much larger variety of near-regular textures. Our
long term goal is to construct a computational model
bridging regular, near-regular, irregular and stochastic
textures.

2 Our Approach

Our texture synthesis algorithm is illustrated in
Figure 3 using one simple irregular texture example.
When given an input irregular texture p, we �rst iden-
tify its underlying lattice interactively. The texture
lattice is warped into its \nearest" regular version
based on an energy minimization function. Corre-
spondingly, texture p turns into a near-regular tex-
ture pr. A deformation �eld between pr and p can
then be computed. The deformation �eld and pr are
synthesized respectively to D and Pr of equal dimen-
sion. Finally, the synthesized texture is produced by
deforming Pr using D. In the following, we discuss
each step in our algorithm.

1Note, within this paper, we are making a distinction be-
tween the terms \irregular" (deformation from regularity) and
\non-regular" (no regularity).



Figure 1: A sampler of di�erent types of textures.

Figure 2: Left: An irregular texture overlaid with its
lattice. Right: its near-regular counterpart.

Figure 3: This is an overview of our approach. Start-
ing with an input irregular texture p, its near-regular
version is obtained by straightening out its underly-
ing lattice Lir into its nearest regular lattice Lr (Fig-
ure 2). Correspondingly, a near-regular texture pr is
obtained from p and synthesized into Pr; and a de-
formation �eld between Lr and Lir is computed and
synthesized into D. Finally, a synthesized irregular
texture is achieved by applying D to Pr.



2.1 From Irregular to Near-Regular Tex-
ture

Each regular texture has an underlying 2D lattice
Lr that is generated by two linearly independent vec-
tors ~t1;~t2. An irregular texture, as a departure from
a regular texture, also has an underlying lattice Lir

which is a geometric distortion of Lr. See Figure 2
for an example. There may be many potential reg-
ular lattices that an irregular lattice Lir can deform
to. However, we are looking for that particular regu-
lar lattice Lr with generating vectors ~t1;~t2 such that
the total amount of deformation between Lir and Lr

is minimal. The process can thus be formulated as a
minimization problem:
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where li; lj ; lk; and lm, are the lengths of the links
in lattice Lir corresponding to links in Lr along the
directions of ~t1; ~t2; ~t1 + ~t2, and ~t1 � ~t2, respectively.
Ni; Nj ; Nk andNm are the total number of links in Lir

corresponding to each direction. � is the angle between
~t1 and ~t2 which can be deduced from the lengths of
~t1; ~t2 and ~t1 + ~t2.

The result of this step is a near-regular texture gen-
erated from the input irregular texture.

2.2 Deformation Field Extraction

Once the optimal regular lattice Lr is obtained,
we are able to compute a unique deformation �eld
between the input texture and its near-regular ver-
sion (structurally regular with color/intensity irregu-
larities) by deforming the underlying lattice of input
texture Lir to Lr or vice versa. We use the multilevel
free-form deformation (MFFD) algorithm proposed in
[8], where a 1-1 warping �eld is computed. The basic
idea is to use the corresponding lattice points between
Lir and Lr as control points (corresponding point fea-
tures). The MFFD algorithm uses these point features
as constraints to generate a bijective warping function
�!
W (x; y) at all pixel location in addition to the pre-

speci�ed lattice points. A deformation �eld
��!
ÆW (x; y)

is computed from the warping function by converting
the global position mapping to a local displacement
vector. As a result, we obtain a deformation �eld be-
tween an irregular texture and its near-regular coun-
terpart.

2.3 Near Regular Texture Synthesis

As the input texture is recti�ed into a near-regular
texture, the structural deformation of the texture be-
comes minimal while color and intensity variations
among di�erent tiles remain. Here we use the term
\tile" to indicate the smallest parallelogram-shaped
2D region on a regular texture that can reproduce the
texture patterns under the texture's translation sub-
group [11]. For regular texture, only one tile is needed
for reproduction and it can be chosen in a principled
manner for perception purposes [11]. For near-regular
texture, a set of sample tiles with roughly the same
size and shape but varying color and intensity are ran-
domly selected and synthesized [11], where we can take
advantage of the structural regularity while preserving
color/intensity variations of near-regular textures.

2.4 Deformation Field Synthesis

A central intuition behind our approach is the re-
alization of the duality of a deformation �eld. On the
one hand, a deformation �eld is a vector �eld that can
take a texture into its warped version. On the other
hand, a deformation �eld itself can be viewed

as a texture. Therefore it can be subject to tex-
ture synthesis as well. So, our idea is to synthesize a
deformation �eld between near-regular and irregular
textures, and then apply this synthesized deformation
�eld to a synthesized near-regular texture to achieve
the e�ect of a synthesized irregular texture (Figure 3).

For better visualization and evaluation, we use hue,
saturation, and value (HSV) color space to represent
a deformation �eld (Figure 4). Hue is the color type
(such as red, blue, or yellow); measured in values of
0-360 by the central tendency of its wavelength. Sat-
uration is the `intensity' of the color, measured in val-
ues of 0-100% by the amplitude of the wavelength,
Value is the brightness of the color, measured in val-
ues of 0-100% by the spread of the wavelength. HSV
is a non-linear transformation of the RGB color space.
In our representation, the hue and saturation compo-
nents are used to represent the direction angle and the
length of a 2D displacement vector, respectively, and
the value component is set to 1. Thus, a pure white
color means zero movement, and a red color means a
movement in the positive x direction, etc..

Deformation �elds (DF) are usually non-regular,
stochastic textures (Figure 6). There are potentially
many existing texture synthesis algorithms for this
type of textures. Some di�erences from standard tex-
ture synthesis are:
(1) we need to de�ne a distance function speci�cally
for the deformation �eld to measure the di�erence and
smoothness of the vector �eld;



Figure 4: We use hue, saturation, and value (HSV)
color space (left) to represent a deformation �eld. In
our representation (right), the value component is set
to 1. A pure white color means zero movement, and
a pure red color means a movement in the positive X
direction, and etc..

Color scheme used Displacement Map

(2) The smoothness of the synthesized �eld is more de-
manding because an artifact edge in the synthesized
�eld means a rapid change of the displacements of the
pixels, which usually results in a discontinuous warp-
ing function.

We have chosen Efros and Leung's pixel-based tex-
ture synthesis algorithm [4] for DF texture synthesis
to be applied on the lattice points (control points) of
DF. The synthesized deformation �eld is totally de-
termined by the synthesized movements of the lattice
points. We can therefore synthesize at the coarsest
resolution level and then use the MFFD algorithm[8]
to compute the movements in �ner resolution levels.
We treat the movements of the lattice points as a 2D
vector �eld and apply Efros and Leung's pixel-based
synthesis algorithm on the vector �eld. As a result, the
smoothness of the �eld is guaranteed by the MFFD al-
gorithm and the size and shape of the color blobs in
the synthesis �eld well resembles those in the input
DF. Figure 6 shows the deformation �eld synthesis re-
sults.

Note that the computational speed problem in the
pixel-based approach is not an issue here because the
number of the control points, depending on the num-
ber of the tiles in the input lattice, is small. They are
usually less than 50 and the number of synthesized
control points is in hundreds. These numbers are far
less than the number of pixels in an input texture and
synthesized texture. For example, the number of con-
trol points in the input DF and synthesized DF in
Figure 6(A) is 20 and 396, respectively. The running
time for synthesizing the DFs in Figure 6, is about 19,
30, 21 and 32 seconds, respectively (on a Pentium 4,

2.66GHz machine with non-optimized Matlab code).

2.5 From Near-regular Texture to Irreg-
ular Texture

The �nal stage of irregular texture synthesis is
straightforward: simply apply the synthesized defor-
mation �eld to the synthesized near-regular texture.

3 Experimental Results
We have applied our texture synthesis algorithm to

a set of textures with varying degrees of structural
deformation. Figure 5 shows the texture synthesis re-
sults on the same texture sample by our method and
four other texture synthesis algorithms [4, 3, 12, 7].
One can observe on close inspection that alterations
in the shape and color of the input texture sample are
more faithfully preserved by our method.

The intermediate and the �nal results of sample
texture synthesis are shown in Figure 6. From the de-
formation �eld texture, one can observe that the de-
parture from regularity in each of the four textures is
quite di�erent (refer to Figure 4): Figure 6(A) shows a
texture with many local motions toward the lower left
quadrant. Figure 6(B) shows a texture that departs
from its regularity along a diagonal direction (positive
X). Figure 6(C)'s texture, on the other hand, departs
from its regular version via large left-right motions
(positive or negative X directions). Texture in Fig-
ure 6(D) moves toward the other diagonal direction
(negative X) than the one in example (B). Through
these texture synthesis results, we are able to gain a
deeper understanding of how irregular textures move
from their regular counterparts. This can be used as
a basis for texture categorization.

4 Conclusion and Future Work
We have proposed a novel method for irregular tex-

ture synthesis by synthesizing both the deformation
�eld and near-regular textures (Figure 3). The ini-
tial results show the feasibility of the proposed texture
synthesis approach, especially for those textures that
have both geometric and color/intensity distortions
from regularity (Figure 6). For certain irregular tex-
tures, our method produces more faithful synthesized
results than existing methods (Figure 5). The method
is simple and exible in modeling and synthesizing the
deformation �eld between an irregular texture and its
near-regular counterpart. We are investigating the ro-
bustness of the current algorithm while systematically
increasing the structural and color irregularities in the
input textures.
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Figure 5: One of our texture synthesis results compared with others. One can observe on close inspection that
alterations in color (... yellow, green, yellow, green, ...) and shape of the input texture sample is more faithfully
preserved by our method.

sample input Efros&Leung[4] Efros&Freeman[3]

Our Method Wei & Levoy[12] Kwatra et al [7]
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Figure 6: Our texture synthesis results (intermediate and �nal) are shown for four di�erent textures. The color
textured deformation �eld indicates movements from regular to irregular lattices, refer to Figure 4 for the direction
and amount of deformation indicated by the color-map representation of the deformation �eld.
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