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A New Method for Classification of Nano-Structures based
on Time Series Analysis and Fuzzy Logic

Nooshin Bigdeli* & Hamed Jabbari
Department of Electrical Engineering, Faculty of Technical and Engineering,
Imam Khomeini International University, Qazvin, Iran

Abstract
Dispersion of nanoparticles in nanostructures is one of the most important indicators designed to verify the
effectiveness of proposed methods in the synthesis of nanomaterials. In the recent years, various methods have
been suggested for the synthesis of nanostructures in which the Scanning Electron Microscopy (SEM) has
been used to show the quality of the nanomaterial. The SEM images of nanoparticles contain structural,
chemical and morphological information with high resolution in nanometer scale of nanomaterials.

One of the challenges in the quality of dispersion’s nanostructures is detection of agglomeration degree.
In some SEM images of nanoparticles, the particles have speeded uniformly and not aggregately. In some of
the other SEM images, their particles are agglomerated. Also, there are a few SEM images of nanoparticles
that their particles aren’t very aggregate or diffused. If the SEM images of nanoparticles with their particles
speeded uniformly, are called good images, and the images with their aggregate particles are called bad
images, and the images with their particle dispersion between good and bad images, are called average images,
the nanomaterials could be classified in categories of good, average, and bad images.

In this paper, a new algorithm has been provided to classify nanostructures using SEM images of
nanoparticles. For this purpose, these images were transformed to time series at first (the time series extracted
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are unique for each SEM image of nanoparticles) and their specifications were investigated through time
series analysis methods. Then, statistical specifications of these series were extracted. Six statistical
specifications have been extracted for classification of nanostructures. These specifications are as follows:
standard deviation, first and second kurtosis, interquartile range, the criterion of Pearson, and skewness. The
extracted specifications were used as inputs of a fuzzy inference system for classifying microscopic images of
nanostructures into three groups: good, average and bad. This algorithm has been tested on 65 nanoparticles
microscopic images with identical size and resulted precision above 93 percent indicated validity of this

algorithm.

Keywords: SEM image of nanoparticles; Time series analyses; Statistical features; Fuzzy logic.
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(Figure-1): The SEM images of nanoparticles. (a) The SEM image of silica that is a good image, (b) The SEM image
of silver nanoparticles that is a average image, (c) The SEM image of copper nanoparticles that is a bad image
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(Figure-2): The comparison of the original time series with a period of its in the SEM image of the nanoparticles of Figure (1-a).
(a) The original time series, (b) A period of the time series, (¢c) The histogram of Figure (2-a), (d) The histogram of Figure (2-b)
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(Figure-3): The comparison of the original time series with a period of its in the SEM image of the nanoparticles of Figure (1-b).
(a) The original time series, (b) A period of the time series, (c) The histogram of Figure (3-a), (d) The histogram of Figure (3-b)
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(Figure-4): The comparison of the original time series with a period of its in the SEM image of the nanoparticles of Figure (1-c).
(a) The original time series, (b) A period of the time series, (c) The histogram of Figure (4-a), (d) The histogram of Figure (4-b)
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(Table-1): Dispersion of different statistics for the time series of
nanostructure images
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(Figure-5): The examples of good SEM images of nanoparticles
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(Table-2): The values of features for images of Figure (5)
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(Figure-6): The examples of bad SEM images of nanoparticles
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(Table-3): The values of features for images of Figure (6)
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(Figure-7): The examples of average SEM images of nanoparticles
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(Table-4): The values of features for images of Figure (7)
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(Figure-8): The variations of each variable in different intervals. (a) Standard deviation, (b) First kurtosis,
(c) Second kurtosis, (d) Interquartile range, (e) The criterion of Pearson, (f) Skewness
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(Figure-9): The block diagram for classification of nano images
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(Figure-10): The membership functions for inputs: (a) Standard deviation, (b) First kurtosis,
(c) Second kurtosis, (d) Interquartile range, (e) The criterion of Pearson, (f) Skewness
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(Table-5): Fuzzy rules
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ST
L|L|L L L | L | Average
MMM L L | L Good
H|H|H L L | L Good
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H|H|H| M M| L Good
HI MM M L | L Good
L|L| M| H H | H Bad
L|L| M| H L | H Bad
LIM|M| H L |H Bad
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(Table-6): The percent of correctness

@95 polad | bagie pglai & pglai
JS olas 23 22 20
G 50 Az ol i’ 22 20 19
Ll amss olaay 1 2 1
(S )OS S0y 95.65 90.9 95
93.85 : )y v 30 buwgin

\ T T T T
«AF -1
2
N
¥ sk |
g‘ FF -~ h“";“ TN
3
L ]
1 1
Y f $o A \
Sgi>

> Gy Cugas ailg (V- JSh)
(Figure-11): The membership functions for outputs
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(Figure-12): The SEM images of nanoparticles with the false diagnosis. (a) A good image that is detected the average image, (b) and (c)
Average images that are detected bad images, (d) A bad image that is placed in the group of average images
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(Table-7): The values of features for images of Figure (12)
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