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Abstract. Taxonomical classification of plants is a very complex and
time-consuming task. This is mostly due to the great biodiversity of
species and the fact of most measures extracted from plants are tradition-
ally performed manually. This paper presents a novel approach to plant
identification based on leaf texture. Initially, the texture is modelled as a
surface, so complexity analysis using Multi-scale fractal dimension can be
performed over the generated surface, resulting in a feature vector which
represents texture complexity in terms of the spatial scale. Yielded re-
sults show the potential of the approach, which overcomes traditional
texture analysis methods, such as Co-occurrence matrices, Gabor filters
and Fourier descriptors.

Keywords: plant identification, complexity, multi-scale fractal dimen-
sion, texture analysis.

1 Introduction

Many scientific problems related to biodiversity, ecology and pharmacology de-
pend on plant identification. In Biology, this task involves the analysis of many
organs, such as flowers, seeds, leaves and woody parts [IJ2]. However, some
characteristics depend on plant age or environment, what makes this task diffi-
cult to accomplish (e.g., flowers). Otherwise, leaves can be easily collected from
most plants, including fossils or rare plants, so becoming a interesting source of
information [3].

Plant leaf identification is a difficult task due to the wide pattern variation of
its fundamental features. Variations in size, color, texture and shape, are found
in leaves collected from a same plant (a response to different levels of maturity
and sun exposure) or in samples from different plants (soil influence, climate or
even environment).
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Texture is one of the most important visual attributes in images. It allows
to describe the surface of a leaf in terms of the distribution of pixels over a re-
gion. Literature presents a wide number of approaches to describe texture pat-
terns: second-order statistics [4l5], spectral analysis [6I7USIOITOTTIT2] and wavelet
packets [13/T4]. However, different of human-made textures, which present a
detectable quasi-periodic structure, natural textures (such as, leaves texture)
present a random but persistent pattern that results in a cloud like texture
appearance [15/16].

An interesting alternative to these approaches is methods based on complexity
analysis, such as fractal dimension. Fractals are objects which the dimension
takes non-integer values (non-Euclidean geometry). Many natural phenomena
and surfaces (e.g.,coastlines, brick, skin, rocks, etc) can be modelled using the
fractal theory. Thus, by modelling the leaf texture as a surface it is possible
to estimate its fractal dimension and, as a consequence, to describe its texture
pattern in terms of space occupation and self-similarity [T7IT8IT9].

This paper starts describing how texture analysis is performed by complexity
(Section ). A multi-scale approach for texture characterization is presented in
Section [Bl In Section [, we describe how the leaf texture database was com-
posed. Statistical analysis is employed to evaluate our approach. The results are
presented and discussed in Section [ while Section [6] concludes this paper.

2 Texture Analysis Based on Fractal Dimension

The fractal dimension has been widely used in literature to characterize both
real and abstract objects in terms of complexity. While the topological dimension
is defined by an integer value, which describes the number of dimensions where
an object is inserted, the fractal dimension uses fractional values to describe an
object in terms of space occupation and self-similarity [2002122]232417T8].
Over the years, many approaches have been proposed to compute the fractal
dimension. Bouligand-Minkowski method [I8/2TI25] has emerged as one of the
most accurate methods and very sensitive to structural changes of the object.
It is based on the study of the influence area of an object computed from its
dilation. Let the gray-scale texture under analysis be represented in terms of
the set S € R? of the Cartesian coordinates. Each element s € S, s = (y,, 2),
is defined by the pixel coordinates (y and x) in the original texture and the
intensity z at this point. Let S(r) be the dilation of S by a sphere of radius 7:

Stry={s €eR*|Fse€S:|s—5|<r},

where p’ = (2,1, 2) is a point in R® whose distance from p = (z, v, 2) is smaller
or equal to r (Figure [II).
The Bouligand-Minkowski fractal dimension D is defined as

D=3 lim 2850)
r—0 log (r)

)

where D is a number within [0; 3] (i.e. considering a three-dimensional space).
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(a)

Fig.1. (a) Original Texture; (b) Texture modelled as Cartesian coordinates; (c) Dila-
tion using r = 10

3 Multi-scale Fractal Dimension

Natural objects are not real fractals. They may present an infinite degree of
details along the scales, although its self-similarity along these scales is not pre-
served. Usually, fractal dimension D is computed as the angular coefficient of the
logarithm curve of the volume (S(r)) in terms of dilating radius, using linear in-
terpolation. However, the logarithm curve computed presents more details than
can be expressed by a single numeric value and, eventually, the fractal dimension
D is not enough to represent all complexity of an object.

In order to provide a better description of objects in terms of its complexity,
the Multi-Scale Fractal Dimension has been proposed [26l27/21]. This approach
involves taking into the infinitesimal limit the linear interpolation by using the
derivative, so achieving a function capable to express the complexity of an object
in terms of the spatial scale (Figure [2)). This function provides a more effective
discrimination of the object, and it is defined as:

dlog S(r)
dr

where D(r) represents the complexity of the object at scale .

D(r)=3-

4 Experiments

Experiments were conducted considering a texture leaf database built using 10
leaves species from Brazilian flora. A total of 3 leaves samples was manually
collected for each species considered. Each leaf was washed to remove impurities
that could act as noise in the texture pattern. The digitalization process was
carried out by a scanner using a 1200dpi (dots per inch) resolution and leaves
were oriented according to the central axis (line that connects the basal and
apical ends) in a vertical position during this process.

From each digitalized leaf, a total of 5 texture windows of 128 x 128 pixels of
size were extracted, totalising a database with 150 texture samples divided into



146 A.R. Backes and O.M. Bruno

1 218

216F

274t

212t

log(V(r))

amp
L DIS 1' 15 -.I' 2.'5 3 1;2 14 16 18 2 22 24 26 28 3
log(r) log(r
(a) (b)

Fig. 2. (a) Log-log curve; (b) Multi-scale Fractal Dimension

10 classes (Figure [3). All color information was discarded, i.e., only the gray-
scale information from the texture pattern was considered. It is important to
emphasize that one single leaf may present a great variability of texture patterns
(Figure H)). This variation in texture patterns can be caused by different factors,
such as fungus, plague, injuries or even differences in the amount of light received
by the leave during its lifetime. Thus, the selection of texture windows was guided
to avoid such texture patterns that do not characterize the real texture of that
leaf specie.

Fig. 3. Example of each texture class employed in the experiment

Evaluation of the Multi-scale curve was carried out using Linear Discrimi-
nant Analysis (LDA), a supervised statistical classification method [28/29]. LDA
searches a linear combination of the descriptors (independent variables) that
results in its class (dependent variable). Its main goal is to find a linear combi-
nation that minimizes the intra-classes variance while maximizes the inter-classes

variance. The leave-one-out cross-validation strategy was also employed over the
LDA.
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Fig. 4. Example of each texture class employed in the experiment. Example of texture
variation in class (columns).

5 Results

Table[Ilshows classification results yielded for the proposed approach. Multi-scale
fractal dimension curves were computed from each texture pattern considered
and best results were yielded considering dilation radius r» = 7. Derivative was
computed using the Finite Difference method [30], thus resulting in a Multi-scale
curve containing 50 descriptors.

Table 1. Classification performance of different texture descriptors

Descriptor No of  Samples correctly Success rate (%)
Descriptors classified
Gabor filters 16 114 76.00
Fourier descriptors 63 94 62.66
Co-occurrence matrices 16 130 86.66
M.S. Fractal Dimension 50 135 90.00

To provide a better performance evaluation, the proposed approach was com-
pared with traditional texture analysis methods, such as Fourier descriptors [I1],
Co-occurrence matrices [4] and Gabor filters [SI9I3I]. A brief description of the
compared methods is presented as follows:

Fourier descriptors: The bi-dimensional Fourier transform is applied over the
texture sample. Shifting operation is performed over the Fourier spectrum values,
so that, low frequencies are placed at the center of the spectrum. A total of 63
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descriptors is computed as being the energy of the spectrum values placed at a
given radius distance from the center of the spectrum.

Co-occurrence matrices: This technique measures the joint probability distribu-
tions between pairs of pixels separated by a given distance and direction. Dis-
tances of 1 and 2 pixels with angles of —45°,0°, 45°, 90 © were considered in this
paper, as well as a non-symmetric version of the method. Many descriptors can
be computed from co-occurrence matrices. For the experiments, we considered
energy and entropy, totalising a set of 16 descriptors.

Gabor filters: This approach consists of convolving a 2-D Gabor filter over the
original texture image. Each Gabor filter is a bi-dimensional gaussian function
moduled with an oriented sinusoid in a determined frequency and direction. In
this paper, we employed 16 filters (4 rotation filter and 4 scale filters), with lower
and upper frequencies equal to 0.01 and 0.3, respectively. Energy was computed
from each convolved image, so resulting in a set of 16 descriptors.

Results show that the proposed method is more robust, as it presents the
highest success rate when compared with traditional texture analysis methods.
This is mainly due to the great sensitiveness of the method to changes in the
texture behavior. According to the dilation radius r and the characteristics of
the texture, the sphere produced by a pixel interferes on other spheres, and it
disturbs the way the influence volume S(r) increases. This disturbance in the
influence volume allows to study pixels organization in the texture, as well as,
its structural changes by complexity. Moreover, the use of Multi-scale Fractal
dimension expands this analysis at different scales, so that, both micro and
macro texture informations are considered and a better texture discrimination
and classification are performed.

6 Conclusion

This paper presented a study of leaf texture classification based on complexity
analysis. Leaf texture identification is a very difficult task due to the high simi-
larity inter-classes and low similarity of intra-classes. Multi-scale Fractal Dimen-
sion computed from the Bouligand-Minkowski method was employed to output
a curve that expresses the leaf texture complexity in terms of the spatial scale.
These curves were evaluated in an experiment using linear discriminant analysis
to classify a set of leaf texture previously selected. Results were compared with
traditional texture analysis methods, and they show the great potential of the
approach for natural texture analysis applications.
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