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Abstract

This paper presents a new method in processing textured images.
It is based on the 2-D Hermite transform for generic lattice
position. It is equivalent to Hermite projection method. The
optimization is based on applying the Fast 2-D Hermite projection
method combining with Polar Hermite transform. Fast Hermite
projection method transform allows to efficiently calculate the
coefficients of the 2-D Cartesian Hermite transform for generic
lattice using the Gaussian quadrature. Polar Hermite coefficients
have simple properties under rotations and thus allow to avoid
similar calculations while obtaining Hermite transform
coefficients for the source image and it’s rotations that is a
common task in texture processing. We discuss application of the
method to the tasks of obtaining the texture feature vectors
(texture parameterization) and texture-base image segmentation.

Keywords: Texture, Hermite transform for generic lattice
position, Fast Hermite projection method, Polar Hermite
transform, Image segmentation.

1. INTRODUCTION

Texture has always been an important part of the visual world. A
considerable part of human eyesight perception is based not only
on the recognition of brightness, contrast, color of the image but
also on detecting texture patterns. In [1] the human and monkey
texture perception is described and the assumption is made that it
is possible to create the image processing method that will model
the human texture perception process. In the article [2] the
comparison between modern texture processing methods is
performed.

In most of the studies the relation of the texture to the local in
image spectrum is established through features which are obtained
by filtering with a set of two-dimensional filters. Such filters are
local and are characterized by a preferred orientation and a
preferred spatial frequency. Roughly speaking, it acts as a local
band-pass filter with certain optimal localization properties in
both the spatial domain and the spatial frequency domain.
Typically, a multi-channel filtering scheme is used: an image is
filtered with a set of filters with different preferred orientations
and spatial frequencies, which cover appropriately the spatial
frequency domain, and the features which are obtained form a
feature vector field which is used further.

In Section 2 we will describe the 2-D Cartesian Hermite transform
[3] for generic lattice position as the basic method of obtaining the
feature vectors for textures. In Section 3 we will present the Fast
Hermite projection method that allows to appreciably increase the
speed of image processing.

Polar Hermite Transform was developed by Martens in [4] and it
is useful for texture analysis. Current multiscale Hermite
transform investigations [5] also look promising to be used in
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texture discrimination. We will describe Polar Hermite Transform
in Section 4. We will also show in Section 5, how the Fast
Hermite projection method and the Polar Hermite Transform can
be combined to perform a new optimization of the Hermite
transform for generic lattice position.

In Section 6 we will perform a comparison between different
methods and show how the optimization allows to solve such
tasks as texture parameterization and texture-based image
segmentation in acceptable time.

2. 2-D CARTESIAN HERMITE TRANSFORM

The 2-D Hermite transform with detailed description was
originally introduced in [3] and [6]. Let us consider an image
l(x,y). For the Cartesian Hermite transform for generic lattice
position [4] we obtain the coefficients using the formula
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where v (x,y)are the 2-D Hermite functions in Cartesian
coordinate system. The 2-D Hermite functions are defined as:
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The functions with the lower indexes have traditionally been used
as preprocessing filters in computer vision, for they are the
derivatives of Gaussian. One important advantage of the 2-D
Hermite functions is that they are separable. This means that the
calculation of the coefficients can be implemented very
efficiently. The functions also can be determined by superposition
of the 1-D recurrent formulae:

%(Z):ﬁ
\/EZ -z%12

Lt

yi(2) = 4\/; e
wi(z) = z\/zwél(Z) —,/ L@
n n
Vn>2

Vo (6 3) =, (X) v, (¥)
v,(2)=v,(2), z=xvy.
®3)

The 2-D Hermite functions satisfy an important feature for image
processing, and can be also used as a “substitution” of
trigonometric functions in image spectrum analysis. This
approach is used in Hermite projection method [8], [9]. The
Hermite projection method is equivalent to Cartesian Hermite
transform for generic lattice position.
The graphs of the 2-D Hermite functions are shown in Fig.1:
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Figure 1: The 2-D Hermite functions.
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3. POLAR HERMITE TRANSFORM

Another important approach to Hermite transform is to perform it
in the polar coordinates. Although the Cartesian Hermite
transform for generic lattice position is easy to calculate, owing to
the fact that the filters are separable, proceeding with filtering in
polar domain has an important advantage. The advantage is that
the coefficients of the transform change in a simple way upon a
rotation of the coordinate axes.

Adopting local coordinate axes (for instance, with the x-axis
oriented along the gradient) is one of the basic operations in
differential geometry because many expressions for important
surface properties can be simplified greatly in an adaptive
coordinate system [4]. Rotating the coordinate axes has a
complicated effect on the Cartesian Hermite coordinates.
Therefore, it is not without interest to try to apply the theory of
local signal decompositions in polar coordinates in order to obtain
a representation which behaves much better upon rotation of the
coordinate axes. The detailed description of the polar transform is
described in [4].

Meanwhile having obtained the set of Cartesian Hermite
coefficients for generic lattice position we can transform them to
Polar Hermite Coefficients using the following formulae: [2], [4]
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The polar Hermite Coefficients have a remarkable feature. The
coefficients for the source image and for it’s rotated at an angle
&, version are related as follows:
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Hence, an important advantage of the polar Hermite transform is
that the coefficients change in a simple way upon a rotation of the
coordinate axes.

4. DESCRIPTION OF THE METHOD

In texture processing there are two commonly used important
texture characteristics: frequency and orientation.

Below is described the algorithm of obtaining the feature vector
for a texture sample. Texture sample is an image for which the
following is true: 1) the sample image contains the characteristic
pixels set for the current texture and 2) if we crop the sample
image then some part of important texture pixels distribution will
be lost and it will be impossible for a human to recognize the
texture.

At first using the 2-D Fast Hermite projection method we

calculate the I ,»n=0.31 m=0.31coefficients of Hermite

decomposition. In Fig.2 there are plotted source texture samples
and the sets of coefficients.
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Figure 2: Texture samples and the graphs of coefficients.
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Then using the Cartesian to Polar coefficients transform formula
(12) we obtain the set of polar Hermite coefficients

17 n=0.31, m=0.n. As described above the Polar Hermite

transform and the coefficients have a remarkable characteristic
property. They change in a simple way if we consider a rotated
source image together with the source image. The coefficients of
the Polar Transform for the source and the rotated images are
related by a simple multiplication by a rotation matrix (13).

We use 8 orientations for the texture samples to obtain
characteristic texture features. The orientations are 0°, 22.5°, 45°,
67.5°, 90°, 112.5°, 135°, 157.5°. This is illustrated in Figure 3
where a texture sample and it’s rotated versions are displayed.
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Flgure 3:The source texture sample and it’s rotations at
concerned angles.
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Then we transform the rotated polar coefficients back to
Cartesian. The Polar to Cartesian transform of Hermite
coefficients is actually the reverse transform to the Cartesian to
Polar transform due to the correlation[4]:

ZG‘p(m k)17, ,,m=0.n (14)
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On this stage we only obtain the coefficients /;§ , n=0..31, 0=0°,

22.5°,45°,67.5°,90°, 112.5°, 135°, 157.5°.

So at this moment we have 32 * 8 = 8192 coefficients.

The last step is to combine the coefficients into the feature
vectors. For the textures (because even different samples of the
same texture very rarely have similar coefficient values in account
of the fortuitous shifts and rotations and noise in texture samples)
it is a commonly used approach to obtain and later on compare the
energy values. For the set of coefficients we obtain
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for each ¢ =0°, 22.5°, 45°, 67.5°, 90°, 112.5°, 135°, 157.5°. So we
have the 8 * 5 coefficients feature-vector.

5. RESULTS

Using the described algorithm we obtained the following feature
vectors for several texture examples:
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Figure 4: The diagrams of the feature vectors for some texture
samples.

We also applied the method to the task of texture-based image
segmentation. The result is presented n Figure 5.
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Figure 5: Texture-based segmentation of an artificial textured
image and an ordinary image with textures.

The basic advantage of the method over the method presented in
[9] is that the processing can be performed much faster because of
the ease of obtaining the feature vectors for the rotated samples of
textures. In Table 1 is presented the speed of segmentation of two
images. The processing was performed on an Intel Pentium M
1.86 GHz processor with 512 Mbytes of RAM. As can be seen
from the following table the method described in this article
allows increase the speed of texture-based image segmentation
more than ten times.

Method \ Textured image

Segmentation time: Hermite transform

not optimized, sec 487

Segmentation time: Optimized

Hermite transform, sec 5 34

Table 1: Comparison of times of processing the images with
texture-based segmentation.

6. CONCLUSION

Combining Fast Hermite projection method and Polar Hermite
transform results in a new method for texture parameterization.
The new method shows remarkable results in the processing rate
concerning the texture parameterization and image segmentation

tasks. The method can be applied in different tasks of texture-
based image processing to increase their productivity.
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