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Abstract

The bidirectional texture function (BTF) is a 6D function that can
describe textures arising from both spatially-variant surface re-
flectance and surface mesostructures. In this paper, we present an
algorithm for synthesizing the BTF on an arbitrary surface from
a sample BTF. A main challenge in surface BTF synthesis is the
requirement of a consistent mesostructure on the surface, and to
achieve that we must handle the large amount of data in a BTF
sample. Our algorithm performs BTF synthesis based on surface
textons, which extract essential information from the sample BTF to
facilitate the synthesis. We also describe a general search strategy,
called the k-coherent search, for fast BTF synthesis using surface
textons. A BTF synthesized using our algorithm not only looks
similar to the BTF sample in all viewing/lighthing conditions but
also exhibits a consistent mesostructure when viewing and lighting
directions change. Moreover, the synthesized BTF fits the target
surface naturally and seamlessly. We demonstrate the effectiveness
of our algorithm with sample BTFs from various sources, including
those measured from real-world textures.

CR Categories: I.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism–color, shading, shadowing, and texture;
I.2.10 [Artificial Intelligence]: Vision and Scene Understanding–
texture; I.3.3 [Computer Graphics]: Picture/Image Generation.
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1 Introduction

Two main ingredients for visual realism are surface geometry and
surface details. With recent advances in surface texture synthesis
[20, 18, 22, 9], we can now decorate a real-world surface (e.g.,
reconstructed from laser range scans [4]) with a texture that fits
the surface naturally and seamlessly. However, we are still a step
away from reality because textures in traditional graphics represent
only color or albedo variations on smooth surfaces. Real-world tex-
tures, on the other hand, arise from both spatially-variant surface re-
flectance and surface mesostructures, i.e., the small but visible local
geometric details [11]. Mesostructures, which are responsible for
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Figure 1: Left column exhibits images of a surface texture. Right
column exhibits images of a surface BTF.

fine-scale shadows, occlusions, and specularities [6, 12, 10, 13], are
ignored by conventional textures. Fig. 1 compares a surface texture
with a surface BTF.

The BTF introduced by Dana et al. [6] is a representation of
real-world textures that can model surface mesostructures and re-
flectance variations. The BTF is a 6D function whose variables are
the 2D position and the viewing and lighting directions. In this pa-
per, we present an algorithm for synthesizing the BTF on arbitrary
polygonal surfaces. Given a BTF sample and a mesh, we synthesize
a BTF on the mesh such that: (a) the surface BTF is perceptually
similar to the given BTF sample in all viewing/lighting conditions,
and (b) the surface BTF exhibits a consistent mesostructure when
viewing and lighting directions change. The requirement of a con-
sistent mesostructure is where surface BTF synthesis differs funda-
mentally from surface texture synthesis since conventional textures
ignore mesostructures completely.

A BTF can be mapped onto surfaces using texture mapping tech-
niques. However, BTF mapping on arbitrary surfaces can introduce
inconsistent mesostructures. The usual technique for texture map-
ping arbitrary surfaces is to use a collection of overlapping patches
[14, 16], and textures in the overlapping regions are blended to
hide seams (e.g., see [16]). This technique works well for many
textures [16], but for the BTF, blending can introduce inconsis-
tent mesostructures, as Fig. 2 illustrates. Of course, BTF mapping
on arbitrary surfaces also suffers from the usual problems of tex-
ture mapping, which include distortion, seams, and considerable
user intervention needed for creating good-quality texture maps
[20, 18, 22].

Liu et al. recognized the importance of mesostructures in de-
veloping their algorithm for synthesizing a continuous BTF from
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Figure 2: Inconsistent mesostructures caused by BTF blending. (a)
The viewing/lighting setting for the images in (b) and (c).L0 is the
lighting direction for the image shown in (b) andL1 is the lighting
direction for the image shown in (c). Both images are for the square
outlined by the yellow line in (a). The viewing direction for both
images is the same.

sparse measurements [13]. Indeed, they explicitly recovered geom-
etry details using a shape-from-shading method. The appearance of
the recovered geometry is rendered and used for synthesis images
under different viewing/lighting settings. Unfortunately, adapting
[13] to surface BTF synthesis is not possible because it is time con-
suming to reconstruct/render the appearance from the recovered ge-
ometry for all lighting and viewing settings, especially for BTFs
with complex geometry or radiance distributions. Moreover, cur-
rent shape-from-shading techniques will have problems handling
real-world textures with complex bump structures or without dom-
inant diffuse components [13].

A possible way to achieve a consistent mesostructure on a sur-
face is to directly apply surface texture synthesis techniques to sur-
face BTF synthesis. The sample BTF may be regarded as a 2D
texture map, in which the BTF value at a pixel is a 4D function
of the viewing and lighting directions, and this 4D function can
be discretized into a vector for texture synthesis. Unfortunately,
this approach incurs a huge computational cost because of the large
amount of data in a BTF sample. At the resolution of12�5�12�5,
the BTF value at a pixel is a 10800-dimensional vector, as opposed
to the usual 3D RGB vectors [20, 18, 22]. Since texture synthesis
time grows linearly with the vector dimension, a surface BTF can
take days [20] or even months [18] to compute. Principal compo-
nents analysis (PCA) can reduce the vector dimension somewhat
but cannot alter the nature of the problem.

Leung and Malik introduced 3D textons based on the observa-
tion that, at the local scale, there are only a small number of per-
ceptually distinguishable mesostructures and reflectance variations
on the surface [12]. Their observation raises the hope of a compact
data structure for extracting the essential information for surface
BTF synthesis. However, 3D textons themselves are not compact
because of their huge appearance vectors [12]. Indeed, the recon-
structive BTF synthesis proposed in [12] is not feasible on surfaces
because the basic operations [18] for surface BTF synthesis– tex-
ton resampling, distance computation, and BTF reconstruction–
are prohibitively expensive with 3D texton [12]. To get a feel of
the problem, consider the following: surface BTF reconstruction
requires a 4D function to be assigned to each mesh vertex, which
implies a 2.5 Gb storage for a mesh of 250k vertices [18].

In this paper, we show that surface BTF can be efficiently syn-
thesized using thesurface textons, which are derived from 3D tex-
tons [12]. Having no appearance vectors, surface textons consti-
tute a compact data structure for extracting the essential informa-
tion from the BTF sample to facilitate surface BTF synthesis. We
present an algorithm based on surface textons for synthesizing a
surface texton map, which is a texton-based compact representa-
tion of the synthesized surface BTF. This compact representation
can be directly used for rendering; no BTF reconstruction like the

one in [12] is necessary. We also describe a search strategy, called
thek-coherent search, for fast surface BTF synthesis using surface
textons. Existing general-purpose search strategies, such as those
used in [20, 18, 9, 22], can also be adapted for surface textons, but
the search speed is orders of magnitude slower.

We will demonstrate the effectiveness of our algorithm using
surface BTFs synthesized from both real and synthetic BTF sam-
ples. With the increasing availability of BTF samples measured
from real-world textures [6], surface BTFs provide a way to dec-
orate real-world geometry with real-world textures. We also show
that surface BTFs provide an efficient way for rendering surfaces
with complex synthetic appearance models and geometry details.

The rest of the paper is organized as follows. After a brief review
of related work in Section 2, we give an overview of our approach
in Section 3. Section 4 discusses how to extract surface textons
from the sample BTF. Section 5 provides details about surface BTF
synthesis. Section 6 describes how to render surface BTFs synthe-
sized by our algorithm. Results are reported in Section 7, followed
by a conclusion and discussion about future work in Section 8.

2 Related Work

Several models exist for BTF analysis and material recognition, in-
cluding the histogram model and correlation model for simple BTFs
captured from random heightfields with Lambertian reflectance [5],
a color correlation model [10], a 3D-texton-based histogram model
[12], and a model combining PCA and 2D textons [3].

Existing BTF synthesis methods [5, 12, 13] are designed for 2D
rectangles [12] or rectangular surface patches [5, 13], not for arbi-
trary surfaces. Texture morphing [5] is a technique for BTF syn-
thesis under the assumption that the surface is a simple heightfield
with Lambertian reflectance. In [12], a BTF synthesis algorithm
was suggested based on 3D textons. This algorithmfirst synthe-
sizes a 2D map of texton labels using non-parametric sampling [8]
and then reconstructs a BTF from the synthesized texton labels. A
big problem with this reconstructive synthesis of a BTF is the high
computational costs for synthesizing texton labels and reconstruct-
ing the BTF using the huge appearance vectors of textons (e.g., an
appearance vector is 57600-dimensional if400 sample images of
the BTF are used as in [12]).

To capture and efficiently render the complex appearance of the
real world surface, Malzbender et al. proposed polynomial texture
maps for capturing the surface appearance under afixed viewpoint
but different lighting directions [15]. For surface lightfields (e.g.,
[21]), the appearance of surfaces underfixed light sources but dif-
ferent view directions are captured and stored in a compact way for
rendering.

Generating textures on arbitrary surfaces has been an active area
of research (e.g., [14, 16, 20, 18, 22, 9]). One approach is to map
texture patches onto the target surface [14, 16]. A good represen-
tative work following that approach is the lapped texture technique
by Praun et al. [16]. They randomly paste texture patches onto the
surface following orientation hints provided by the user. To hide the
mismatched features across patch boundaries, textures in the over-
lapping regions are blended. This technique works well for many
textures, but for highly structured textures and textures with strong
low-frequency components, the seams along patch boundaries are
still evident [16].

A number of algorithms have been proposed for directly synthe-
sizing textures on arbitrary surfaces. Turk’s algorithm [18], Wei
and Levoy’s algorithm [20], and the multi-resolution synthesis al-
gorithm by Ying et al. [22] are general-purpose algorithms based on
the search strategy proposed by Wei and Levoy [19]. The algorithm
by Gorla et al. [9] is also a general-purpose algorithm, based on the
search strategy proposed by Efros and Leung [8]. These algorithms
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