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A Statistical Approach to Material Classification

1

Using Image Patch Exemplars

Manik Varma and Andrew Zisserman

Abstract—In this paper, we investigate material classification from single images obtained under unknown viewpoint and illumination.
Itis demonstrated that materials can be classified using the joint distribution of intensity values over extremely compact neighborhoods
(starting from as smallas 3 3 pixels square) and that this can outperform classification using filter banks with large support. It is also
shown that the performance of filter banks is inferior to that of image patches with equivalent neighborhoods. We develop novel texton-
based representations which are suited to modeling this joint neighborhood distribution for Markov random fields. The representations
are learned from training images and then used to classify novel images (with unknown viewpoint and lighting) into texture classes.
Three such representations are proposed and their performance is assessed and compared to that of filter banks. The power of the
method is demonstrated by classifying 2,806 images of all 61 materials present in the Columbia-Utrecht database. The classification
performance surpasses that of recent state-of-the-art filter bank-based classifiers such as Leung and Malik (IJCV 01), Cula and Dana
(IJCV 04), and Varma and Zisserman (IJCV 05). We also benchmark performance by classifying all of the textures present in the
UIUC, Microsoft Textile, and San Francisco outdoor data sets. We conclude with discussions on why features based on compact
neighborhoods can correctly discriminate between textures with large global structure and why the performance of filter banks is not
superior to that of the source image patches from which they were derived.

Index Terms—Material classification, 3D textures, textons, image patches, filter banks.

INTRODUCTION
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UR objective, in this paper, is the classification of

materials from their appearance in single images taken
under unknown viewpoint and illumination conditions.
The task is difficult as materials typically exhibit large
intraclass, and small interclass, variability (see Fig. 1) and
there are no widely applicable yet mathematically rigorous
models which account for such transformations. The task is
made even more challenging if no a priori knowledge about
the imaging conditions is available.

Early interest in the texture classification problem
focused on the preattentive discrimination of texture
patterns in binary images [3], [26], [27], [38]. Later on, this
evolved to the classification of textures in gray-scale images
with synthetic 2D variations [20], [22], [47]. This, in turn, has
been superseded by the problem of classifying real-world
textures with 3D variations due to changes in camera pose
and illumination [6], [11], [29], [31], [44], [54]. Currently,
efforts are on to extend the problem to the accurate
classification of entire texture categories rather than of
specific material instances [9], [23]. Another trend investi-
gates how regularity information can be exploited for the
analysis of near regular textures [24].

A common thread through this evolution has been the
success that filter bank-based methods have had in tackling
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the problem. As the problem has become more difficult,
such methods have coped by building richer representa-
tions of filter responses. The use of large support filter
banks to extract texture features at multiple scales and
orientations has gained wide acceptance.

However, in this paper, we question the dominant role
that filter banks have come to play in the field of texture
classification. Instead of applying filter banks, we develop
an alternative image patch representation based on the joint
distribution of pixel intensities in a neighborhood.

We first investigate the advantages of this image patch
representation empirically. The VZ algorithm [54] gives one
of the best 3D texture classification results on the Columbia-
Utrecht database using the Maximum Response 8 (MR8)
filters with support as large as 49 49 pixels square. We
demonstrate that substituting the new patch-based repre-
sentation in the VZ algorithm leads to the following two
results: that 1) very good classification performance can be
achieved using extremely compact neighborhoods (starting
from as small as 3  3) and that 2) for any fixed size of the
neighborhood, image patches lead to superior classification
as compared to filter banks with the same support. The
superiority of the image patch representation is empirically
demonstrated by classifying all 61 materials present in the
Columbia-Utrecht database and showing that the results
outperform the VZ algorithm using the MR8 filter bank.
Results are also presented for the UIUC [30], San Francisco
[29], and Microsoft Textile [42] databases.

We then discuss theoretical reasons as to why small
image patches can correctly discriminate between textures
with large global structure and also challenge the popular
belief that filter bank features are superior for classification
as compared to the source image patches from which they
were derived. Finally, we present results on texture
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Fig. 1. Single image classification on the Columbia-Utrecht database is a
demanding task. In the top row, there is a sea change in appearance
(due to variation in illumination and pose) even though all of the images
belong to the same texture class. This illustrates large intraclass
variation. In the bottom row, several of the images look similar and yet
belong to different texture classes. This illustrates that the database also
has small interclass variation.

synthesis and denoising to reinforce the fact that the new
representation can be learned accurately, even in high-
dimensional, image patch space. A preliminary version of
this work appeared in [52].

2 BACKGROUND

Texture research is generally divided into five canonical
problem areas:

synthesis,
classification,
segmentation,
compression, and
5. shape from texture.

The first four areas have come to be heavily influenced by
the use of wavelets and filter banks, with wavelets being
particularly effective at compression, while filter banks
have led the way in classification, segmentation, and
synthesis.

The success in these areas was largely due to learning a
fuller statistical representation of filter bank responses. It
was fuller in three respects: First, the filter response
distribution was learned (as opposed to recording just the
low order moments of the distribution); second, the joint
distribution, or co-occurrence, of filter responses was
learned (as opposed to independent distributions for each
filter); and third, simply more filters were used than before
to measure texture features at many scales and orientations.

These filter response distributions were learned from
training images and represented by clusters or histograms.
The distributions could then be used for classification,
segmentation, or synthesis. For instance, classification could
be achieved by comparing the distribution of a novel
texture image to the model distributions learned from the
texture classes. Similarly, synthesis could be achieved by
constructing a texture having the same distribution as the
target texture. As such, the use of filter banks has become
ubiquitous and unquestioned.

However, even though there has been ample empirical
evidence to suggest that filter banks and wavelets can lead to
good performance, not much rigorous theoretical justifica-
tion has been provided as to their optimality or even, for that
matter, their necessity for texture classification, synthesis, or
segmentation. In fact, the supremacy of filter banks for texture
synthesis was brought into question by the approach of Efros
and Leung [15]. They demonstrated that superior synthesis

s

Fig. 2. One image of each of the materials present in the CUReT
database. Note that all images are converted to gray scale in our
classification scheme and no use of color information is made
whatsoever.

results could be obtained using local pixel neighborhoods
directly, without resorting to large-scale filter banks. In a
related development, Zalesny and Van Gool [58] also
eschewed filter banks in favor of a Markov random field
(MRF) model. More recently, and following the same trend,
[56] showed that small patches can provide an alternative to
filter banks for texture edge detection and segmentation.

Both [15], [58] put MRFs firmly back on the map as far as
texture synthesis was concerned. Efros and Leung gave a
computational method for generating a texture with similar
MREF statistics to the original sample, but without explicitly
learning or even representing these distributions. Zalesny
and Van Gool, using a subset of all available cliques present
in a neighborhood, showed that it was possible to learn and
sample from a parametric MRF model given enough
computational power.

In this paper, it is demonstrated that the second of the
canonical problems, texture classification, can also be tackled
effectively by employing only local neighborhood distribu-
tions, with representations inspired by MRF models.

2.1 The Columbia-Utrecht Database

In this section, we describe the Columbia-Utrecht (CUReT)
database [12] and its level of difficulty for single image
classification. The database contains images of 61 materials
and includes many surfaces that we might commonly see in
our environment. It has textures that are rough, those which
have specularities, exhibit anisotropy, are man-made, and
many others. The variety of textures present in the database
is shown in Fig. 2.

Each of the materials in the database has been imaged
under 205 different viewing and illumination conditions.
The effects of specularities, interreflections, shadowing, and
other surface normal variations are plainly evident and can
be seen in Fig. 1 where their impact is highlighted due to
varying imaging conditions. This makes the database far
more challenging for a classifier than the often-used
Brodatz collection where all such effects are absent.

While the CUReT database has now become a benchmark
and is widely used to assess classification performance, it
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