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Abstract: Data mining, also referred to as knowledge extraction from databases, is one of the most important analytical
methods for identifying the relationships between the various elements of the information collected in order to discover the
useful knowledge and support of strategic decision-making and sustainable development systems in various industries.
Mathematical modeling, quantitative analysis of data and new algorithms can identify new relationships between different
data, which in turn leads to competitive advantage. Olive oil is one of the most important agricultural crops due to its
digestive properties and economic status. However, olive oil production is a costly process which causes an expensive price
of the final product. The most jobbery ways during olive oil production consist of mixing other oils such as maize,
sunflower, Canola and corn into the olive oil. So, the aim of this study was to develop a dielectric-based system to
Authenticate in olive oil using cylindrical capacitive sensor. For categorizing of fake olive oil by using frequency
specification, Support vector machine, linear regression, Ensemble Trees and Gaussian was developed. A set of 16 samples
of olive oil, sunflower, canola and corn oil which mixed with different ratio of Authentication, were used for calibration and
evaluation of developed system.
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1. Introduction
New information and communication technologies, as well
as decision support technologies, can be very effective in
providing timely, accurate, and relevant information to users
by collecting, storing, evaluating, interpreting, analyzing,
retrieving and disseminating information to specific users [1].
Data mining takes advantage of the progress made in
artificial intelligence and statistics. Both of these areas work
in model identification and data classification issues and will,
in effect, be directly used in data mining, and both groups are
active in identifying and using neural networks and decision
trees [2].
Data mining simultaneously utilizes several disciplines
such as artificial intelligence, machine learning, neural
networks, statistics, pattern recognition, and science-based
systems. Detecting the purity of different materials can be
done in a variety of ways [3]. These methods are very

damaging, costly and time-consuming. In recent years,
nondestructive methods have been considered in
purification. The purpose of the development of these
methods is to estimate the quantitative and qualitative
characteristics of the materials rapidly, non-destructively
and reliably [4].
Nowadays, many non-destructive methods have been
investigated, which have the ability to identify various
components of the quality and purity of a substance at a
widespread level. Among the non-destructive methods, the
dielectric method has advantages due to the relationship
between the steady-state dielectric with some qualitative
materials, the cost less than other methods, high speed and
high efficiency in the construction of systems Different
recognition of quality has attracted the attention of many
researchers [5]. Dielectric properties are one of the most
important physical properties of agricultural and food
products. If the two metal plates are placed opposite and
insulated, they form a capacitor. Typically, the conductor
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plates of the capacitor are made of aluminum, zinc and silver,
and among them, a dielectric can be placed in the air or other
material. If the dielectric coefficient is bigger, it will be a
better insulating property [6].
Based on the dielectric method, when a material is placed
in the alternating electric field, the positive and negative
charged particles in it will constantly tend to move in the
electric field. Therefore, by measuring the dielectric
coefficient, it is possible to extrapolate a lot of properties
from the material [7]. The association of these properties
with many quantitative and qualitative components of the
product, high speed, low cost and high efficiency of its use
as a new and non-destructive technology has been
considered by many researchers to measure a wide range of
qualitative and quantitative characteristics of agricultural
products [8].
Olive oil that prevents heart failure and prevents the
formation of cancer cells is not much used in our country.
The latest statistics have shown that every Iranian consumes
100 grams of olive oil per year. One of the main reasons for
this low consumption is the high price of this oil. When in a
country where milk is eaten up by 30 percent as a result of a
rise in the price of a few hundred tons, what else would you
expect from a 60 to 80 thousand Riels per liter consumption
of lubricants [9]? This high price, in addition to having an
impact on consumption, has been motivated to enter the
market for profits. This high price, in addition to having an
impact on consumption, has been motivated to enter the
market for profits [10]. The great benefit of mixing vegetable
oils with lubricant makes it hard to find the type of product.
Knowing the original oil is also not an easy task that anyone
can handle. The second pertain to data mining algorithms;
third part related to samples and used methods in the article.
Also, processing of data and results were presented in fourth
section [11].

2. Previous Work
Lizhi et al. (2010) conducted a research on olive oil for
detecting adulteration using a dielectric spectrum. They used
a 4V sine voltage in the range of 10Hz to 1 MHz to
determine the dielectric properties of a binary mixture of
olive oil. They also used the partial least squares model (PLS)
to detect oil falsification. In addition, PCA has been used to
classify virgin oil samples, separately from fake oils. The
results of the PLS calibration model showed good results for
the adulterated oils with soybean oil as a counterfeit oil. Also,
the charts sorted by the method showed clear performance
for all oil samples and easily categorize them in different
clusters. From the result of this study it can be seen that the
dielectric spectrum can be used to detect fake oils with
different types of oils with a percentage of their mixture
below 5% [12].
Soltani et al (2010) used a non-destructive capacitive
method to detect the amount of banana fruit juice. The
relationship between the rates of fruit dielectric constant in
a frequency of 1 kHz to 10 MHz was investigated. The

results of the experiment showed that the dielectric constant
is strongly affected by the size and volume of the fruit and
also decreases with the increase in the fruit juice, which is
clearer in a frequency of 1 MHz. The results of the
prediction were satisfactory and the correlation coefficient
between the actual yield and the expected value of the fruit
was 0.85 [13].
Reggie et al. (2006) predicted egg quality parameters using
its capacitive properties. They used 4-volt sin voltage with a
frequency of 120 MHz and a rectangular parallel capacitor,
which obtained capacitive capacitors (DCs) and voltages
(DVs). Experiments were carried out on the day of laying, on
the third day, on the sixth day, on the ninth and twelfth days
after the laying. The results showed a significant difference
between DC / DV ratio during storage period. This parameter
had a good relationship with all the quality properties of eggs
(elevation of the cell, height of albumin, etc.). Using this
parameter and egg mass, they extracted regression models
and reported that the application of this method to the egg
production line and its grading based on quality properties
requires more research [14].
Soltani et al. (2015) reported a research about egg grading
using image and sensor processing. The correlation
coefficients and the mean square error of the statistical
indexes were 0.98 and 0.0006, respectively. They used a
double-layer neural network with two inputs (large diameter
and small diameter), a hidden slab and an outlet (egg volume)
to predict the volume of eggs. 70% of the data was for
network training, 15% for validation and 15% for the
network testing. In order to select the best network, the
number of hidden layer neurons was changed from 2 to 50
[15].
According to the researches that carried out in relation to
the determination of the quality and content of agricultural
products and food industries, it can be concluded that
different methods have been developed to counteract the
adulteration in these products. In this study, a recent study
has been carried out to identify the authentication of olive
oil.

3. Material and Method
In this article the experiment was done by olive, sunflower,
Canola and corn oil. Then different classification algorithms
by MATLAB software and various techniques such as
support vector regression were done and finally output dates
were processed.
3.1. Sample
Samples of olive oil provided from Khorramshahr Oil
Company and produced at Rudbar oil plant located in
Manjil. The samples of sunflower oil, canola oil and corn
oil which are known as adulterated oils were also
obtained from national markets. The dielectric
experiments started on the dielectric parameters of olive
oil one day after the preparation of the sample. The
samples were blended with sunflower canola and corn oil,
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and they made up a total of 9 classes with varying
percentages (from 60 to 100% in 5% increments), each
of which was shed separately, according to the desired
amount, of 100 centimeters inside the sensor.
3.2. System
The device used consists of the Arduino board, ICL8083
and AD8302. The USB port is used to communicate or send
and receive information between the device and the computer.
Due to the high flow of data, the ch340g chip on the Arduino
board is used to measure dielectric parameters as well as a
device that can detect the purity of olive oil. The Arduino
board is used on the Uno device, which uses the Atmega2560
microcontroller. When the microcomputer's components are
placed in a chip and put together, a microcontroller is created.
The microcontroller is an electronic application chip that can
increase the speed and efficiency of the circuit versus
reducing the volume and cost of the circuit. In general, the
material of the constituent parts of the circuit is not important,
but the mathematical relation between the voltage and current
of these electrical components is important. Arduino has a
variety of ports, controls, side panels, and screen connectivity,
while it may be smaller, less expensive, and possibly faster
than a microcomputer system.
The AD8302 chipset has been used to measure the domain
and fuzzy detection, as well as to measure the dielectric
parameters. The AD8302 phase detection chip provides a
simple method for measuring the input ratio of the domain
and the phase difference of the two signals simultaneously
(22). The features of this chip include a very small
component, a wide frequency range. (Figure 1.)
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Backup machines have very valuable properties that make it
suitable for pattern recognition. In particular, SVM does not
have the problem of local optimization in its training, it
builds the categorizer with maximum generalization,
determines its structure and topology optimally, and
functions nonlinear differentiation easily with low computing
using It forms the concept of an inner product in the Hilbert
space.
3.4. Linear Regression
Regression analysis is the most widely used method
among statistical techniques. Initially, the analyst assumes
that there is a kind of relationship between two variables; in
fact, it guesses that a relationship exists as a line between two
variables, and then it collects quantitative information from
two variables, and these data Draws points in a twodimensional graph. If the graph shows that the data are
roughly (not necessarily accurate) scattered along a straight
line, then the confirmed analyzer conjecture. There is a
difference between some of the points and their image on the
quantitative regression line, which we regard as the estimated
error. This error may be due to errors in measurement,
environmental conditions, natural differences, and so on.
3.5. Gaussian
Categorizers use the categorization of their own criteria to
implement the classification process, and thus do not need
additional information, but in contrast to the observer
categories, in addition to the internal criteria for convergence,
the need for Additional data. This supplementary information
is the training data that the classmate must necessarily
receive on training.

4. Result and Discussion
After providing adulterated samples and pouring them into
a capacitive sensor, output data was analyzed by MATLAB
software. The results were predicted and modeled using
regression methods. In this article two factors (gain voltage
and phase shift voltage) were measured. It is noticed that The
AD8302 measures the magnitude ratio, defined here as gain,
and phase difference between two signals. A pair of matched
logarithmic amplifiers provides the measurement, and their
hard-limited outputs drive the phase detector.
4.1. SVMs
Figure 1. Diagram of dielectric system.

3.3. Support Vector Machine (SVM)
Support Vector Machine Regression (SVR) aims at finding
a linear hyper plane, which fits the multidimensional input
vectors to output values. One of the new ideas in identifying
and categorizing patterns is a backup vector machine or SVM.

In this study, Quadratic function was used to regression
test data. Figure 2 shows response diagrams for adulterated
samples of olive-sunflower, olive-canola, olive-corn Using
this technique, the amount of RMSE for the samples were
equal to 3.65, 2.46, 3.31 and the amount R2 was equal to 0.92,
96 and 93, respectively.
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Sunflower, Olive- Canola and Olive-corn, respectively.

(a) Olive-Sunflower
(a) Olive-Sunflower

(b) Olive-Canola
(b) Olive-Canola

(c) Olive-Corn
Figure 2. Response figure in range of record of Authentication of oil.

4.2. Linear Regression
Figure 3 shows the results of adulterated oil linear
regression. According to the results, Most R2 related to
Olive- Canola (0.96) and the least amount of R2 pertain to
Olive-Sunflower (0.89). Also, in regard to the amount of
RMSE, result has shown 4.29, 2.54, and 3.40 for Olive-

(c) Olive-Corn
Figure 3. Actual and dielectric predicted concentration of the oils used for
Authentication of oil.

4.3. Gaussian
In this study, coarse function was used to regression test
data. Figure 4 shows response diagrams for adulterated
samples of olive-sunflower, olive-canola, olive-corn. Using
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this technique, the amount of RMSE for the samples were
equal to 3.56, 2.45, 3.05 and the amount R2 was equal to 0.92,
96 and 94, respectively.
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4.4. Ensemble Trees
Figure 5 shows the results of adulterated oil boosted tree
regression. According to the results, Most R2 related to
Olive- Canola (0.90) and the least amount of R2 pertain to
Olive-Sunflower (0.86). Also, in regard to the amount of
RMSE, result has shown 4.81, 2.54, and 4.38 for OliveSunflower, Olive- Canola and Olive-corn, respectively.

(a) Olive-Sunflower

(a) Olive-Sunflower

(b) Olive-Canola
(b) Olive- Canola

(c) Olive-Corn
Figure 4. Response figure in range of record of Authentication of oil.

(c) Olive-Corn
Figure 5. Actual and dielectric predicted concentration of the oils used for
Authentication of oil.
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5. Conclusion
In the current research, three different techniques were
applied to predict olive oil adulterated. Comparison of the
testing stage of these techniques showed coarse tree was the
best prediction. Interestingly, olive-Canola oil samples
predicted with high accuracy in all techniques. As regards,
the accuracy of the methods are close together, this can be
concluded that all selected techniques, presented here, have a
good potential to be used to determine olive oil fraud. Also
device used can classify samples and use for other oils. As
regards, the accuracy of the methods are close together, this
can be concluded that all selected techniques, presented here,
have a good potential to be used to determine olive oil fraud.
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