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Abstract
Measuring fractal dimensions has become a common practice for describing
structural properties of porous media. The present paper studies computing
method of fractal dimension by using the image storing principles on
computer. As an example of its application on nano particles surface
structure, by applying Matlab, the binary image and matrix about the surface
pore were investigated by processing and analyzing the Scanning Electron
Microscopy (SEM) images of nanoparticles. In accordance with the
nanoparticles characteristics of binary digital images, have been minutely
discussed based on the fractal theory that the principle and method of
calculating Fractal dimensions (D) by use of box-counting dimension.
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Introduction

Fractal geometry is an excellent mathematical approach in the study of irregular

geometric objects. Fractal dimension can indicate some nanoparticles characteristics of
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images obtained from nature. The application of fractal theory allows description of various
states of fragmenting and branching in biological, ecological and other systems [1-6].

Because processing the image is in the divided windows using Matlab to compute
fractal dimension (D), the whole result of counting the boxes and every pixel of fractal image
can be observed. At the same time, because of its powerful function in displaying figure,
Matlab can display the binary image with fractal nanoparticles characteristic.

The fractal property is a physical property expressed at the super molecular level, at a
microscopic scale and at a macroscopic scale. Fractal geometry has been used to
nanoparticles characterize the surface structure, nanoparticles characteristic and irregularities
of solid materials. Fractal dimensions are numbers used to quantify these properties. Fractal
geometry has emerged recently as an analytical tool which is suitable for the description of
complex structures, such as those which are found in most porous objects [7]. It has been
used to embellish the morphology of highly irregular objects imbedded onto two and three
dimensional space and is defined as two and three-dimensional fractal dimensions [8].

This paper proposes a quantitative method to analyze the nanoparticles from SEM
images using image processing and statistical analysis in Matlab, a pixel-covering method to
cover the object being analyzed with grids having the same dimensionality as the containing

space.

Material and method

Images analysis
The four images [9-11], that Matlab processes were digital images, which are actually
quantified into two-dimension sampling array. The gray variation of SEM images could
represent the roughness and distribution of nanoparticles surface pore, so the SEM images
need to be processed in order to convert it into black-white images whose gray value is

between 0-255 by software Photoshop.

Obtaining binary images and matrix
In Figure 1 the area that has been marked with 1 is just a cluster in Matlab analysis,
and the size and number of the area shows the dimension and quantity of the cluster.

After images segmentation, conversing SEM images to binary images, each pixel in
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the new one is either black or white. Then, through the Matlab program the binary images
were converted to a data file, which was in the form of a matrix. All the elements of the
matrix correspond to the pixels of the binary images, and the element value is either 1 (white)
or 0 (black), which is determined by the color of the pixel in the binary images. For the
matrix, the mathematical computation software Matlab, which has a variety of toolboxes

including images processing, was used in computations.

Figure 1. Binary images as they have been used for the measurements of the fractal
dimension
Measurement of fractal dimensions

We used the box counting method to measure fractal dimensions, or more specifically,
fractal capacity dimensions of the pore and the matrix phase. These dimensions can be
described by the ratio between the logarithm of an iteration rule and the logarithm of the scale
increment [12].

There are several different concepts of the fractal dimension of a geometrical
configuration. The most famous method of calculating fractal dimensions in the natural
sciences is the so called box counting dimension [13, 14]. A basic principle to estimate fractal
dimension is based on the concept of self-similarity. The property of self-similarity implies
that the form of an object is invariant constructed of an infinite number of copies of itself.
The fractal dimension D of a bounded set A in Euclidean n-space, using box counting of a set

A in a grey image is given by [15]:
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s
D = lm 280

n-= log (1/r) (1)

where N, denotes the number of boxes of side length r = 2", n =1, 2, 3, 4 ... (number of
distinct copies of A in the scale). The box-counting method is the most desirable method for
image fractal dimension estimation because it can apply fractal patterns with or without self-
similarity.

Thus, whenever measured box counts can be described by Eq. (1) using a non-integer
value for D, the feature is considered to be a fractal with D as the fractal dimension.

Results and discussion

Box counts for the pore and the matrix phase are shown for images SEM (Figure 1).
According to Eg. (1), for all images the fractal dimensions were obtained as the slope of the
log-log plot of measured box counts as a function of box size. The results of all above four

SEM images were listed in Table 1.

Table 1. Measured fractal dimension for images SEM.

Measurement
Images D Std. Error Std. Deviation|Variance|Correlation coefficient
of Mean
SEM 1{1.72] 0.008 0.035 0.001 0.602
SEM 2(1.74| 0.022 0.110 0.012 0.788
SEM 3|1.77| 0.017 0.085 0.007 0.832
SEM 4{1.73| 0.019 0.109 0.012 0.861

The fractal dimensions and correlation coefficients of nano particles were easily
obtained by box counting method, as shown in Figures 2 and 3.

According to Eqg. (1), for all images the fractal dimensions were obtained as the slope
of the log-log plot of measured box counts as a function The fractal dimensions of SEM 1,
SEM 2 SEM 3 and SEM 4 images are D=1.72, D=1.74, D=1.77 and D=1.73 respectively.
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Figure 2. Box counts as measured with images analysis for images SEM
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Figure 3.The slope of the linear regression yields the fractal dimensions using

measured box counts
Conclusions

The calculation of fractal dimension for surface micro geometry offers a great
opportunity for characterization of microscopic images transformed in pixels matrix. The

fractal dimension study in this article is based on the box-counting method. Measuring fractal
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dimensions of a porous medium yields different results depending on the measured feature

(pore phase and matrix phase).
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