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 ABSTRACT This article highlights determination of diesel fuel quality indicators by electrical method using 
the electrical measurements frequency range of the measuring transducer amplitude characteristics for diesel fuel. 
A method is proposed that allows controlling the quality of fuel by the characteristics of a high-frequency 
electromagnetic signal passed through the fuel under study. The relationship between the electrical parameters and 
physical parameters of diesel fuel is determined, which can be traced in measurements and graphs. This control 
system is represented by a function that has several conflicting criteria that need to be optimized simultaneously, 
so the approximation method is applied as the most successful option for the study. A cubic polynomial is used to 
approximate the given dependence. To extend the approximation capabilities of the polynomial, the integer powers 
of x are substituted by real ones. The dependence of the measured and approximated values is analyzed and the 
differences between them are estimated.  
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I. INTRODUCTION 
ODERN transport energy is predominantly based on oil 
fuels. In recent years, the Ukrainian market has seen 

significant changes in the range of motor gasoline, diesel fuel 
and oils. New brands of oil fuels with better environmental 
properties have appeared due to the spread of destructive oil 
refining processes, especially hydrocatalytic ones, as well as 
the use of effective additives that improve physical, chemical 
and operational properties of oil products, and the import of 
fuel from abroad.  

For users of automotive diesel fuel (EN 590:2009 standard), 
the stability of its parameters is a very important issue [1]. The 
stability of diesel fuel can be analyzed from the point of view 
of the producer, distribution network and the end user and is 
directly related to its composition [2]. Determining the 
indicators of diesel fuel on which its quality depends is a crucial 
procedure [3]. Since the diesel fuel has indicators that most 
accurately characterize the quality of the diesel fuel, there are 
indicators that can reach the maximum limit (cetane number) 
[4-7] and those that can reach the minimum limit (sulphur). In 
this case, it is believed that diesel fuel, according to a certain 
optimality coefficient, acquires the characteristics of high 
quality. The analysis of such a control system is carried out by 
determining the main quality indicators of diesel fuel and has a 
developed scale of quality characteristics. The use of the 
laboratory methods for determining the quality indicators of 

diesel fuel is outdated in the age of computerization, time-
consuming and long-term. Therefore, electrical methods of 
controlling diesel fuel are of wide interest. 

Scientific research of the control system using electrical 
methods with the use of a capacitive sensor in wide frequency 
ranges of the electromagnetic field allows faster determining 
the dependence on the chemical nature of fuel and the fuel 
quality. Research of new methods using optimization problems 
makes it possible to find the dependence of electrical 
parameters of fuel on its composition, which is reduced to the 
problem of parametric optimization. 

Objectives of the study are as follows: to analyze the 
electrical method of the control system of diesel fuel from 
different importing countries in terms of their electrical 
parameters; to build a mathematical model of the control 
system of diesel fuel and study it using a genetic algorithm; to 
compare the differences between the obtained result and the 
desired one.  

II. LITERATURE REVIEW 
Diesel fuel is often monitored using mathematical calculations. 
However, such calculations can change the final results, as 
information on congestion, road conditions and many other 
parameters is constantly updated. So, the determination of 
whether the results of the mathematical formula and reality 
correspond to each other may not coincide or be close to the 
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benchmark, as it is impossible to check the situation on the road 
in most cases. Therefore, the approximate mathematical 
method can often be called an effective and useful for 
determining the diesel fuel control. For the control, the 
measured fuel quality indicators are used, which are collected 
for calculations. In [8], automatic data collection was used, 
which largely eliminates human errors during data entry and 
prevents post-adjustment of the mission success or failure. 
Unique aspects of this work include automated data collection, 
analysis, and storage, creating standardized record for all 
vehicles and events. This greatly reduces the effort required for 
reporting and analysis. This analysis showed reliability in 
customers’ experience. Also, over the past few decades, 
research interest in green data centers (GDC) in the cyber-
physical system has increased dramatically [9]. The 
excessively growing need for information and communication 
technologies and the gigantic demand for Internet data services 
may lead to an increase in the number of data centers, resulting 
in huge electricity costs for GDC. Based on the properly 
collected and processed fuel values, modelling was carried out, 
focusing on the optimal system architecture and the 
corresponding evaluation of scenarios over a wide range. The 
modelling and evaluation approach was introduced to compare 
a diesel engine with several battery-electric tyre systems and 
allowed the significance of each system component to be 
determined. The impact on both engine performance and the 
environment were assessed. The transition from fossil fuel 
vehicles to emission-free vehicles is gaining momentum in 
public transport [10]. Transport companies face challenges of 
increased complexity in determining the optimal system 
approach and choosing the most appropriate technology. CO2 
emissions have been reduced by at least two-thirds, while the 
remaining emissions are mainly the result of battery 
production. The use of auto rickshaws, which is an important 
paratransit mode of urban transport in India [11], showed that 
CO2 and NOx emissions were higher in the 12-30 km/h speed 
range, while NOx emissions were found in the higher 30-40 
km/h speed range. Improving vehicle flow and reducing 
frequency of sudden accelerations and decelerations can curb 
emissions and reduce fuel consumption. Environmental 
sustainability in the aviation industry is becoming a subject of 
research and concern [12]. Reducing the carbon footprint is 
becoming necessity as natural resources are being depleted 
faster than they are being created. Diesel exhaust fluid 
effectively reduces the emissions of the two most important 
components of diesel exhaust gases, particulate matter and 
NOx. 

In addition to the environmental problems caused by use of 
fossil fuels, which are limited in supply and highly volatile in 
price, it is worth focusing on the development of renewable 
energy sources, such as biodiesel, which helps reduce 
greenhouse gas emissions [13]. The use of biodiesel instead of 
petroleum diesel fuel and its representation by a genetic 
algorithm will be investigated in future publications. In the 
meantime, the hybrid optimization model software for diesel 
fuel, which was used for the simulations, focuses on the optimal 
analysis and investigation of diesel fuel control system. 

A control system is a concept of inspection systems which 
applications range from industrial control systems to the 
control of large physical experiments [14, 15]. To study a 
control system, it is necessary to perform mathematical 
modelling and analysis using the concept of hybrid systems 
[16]. Computational processes in such a system are considered 

as systems with discrete events, which can be conveniently 
modelled using a number of approaches focused on optimal 
analysis using a genetic algorithm [17]. Optimal analyses are 
optimization problems that must determine the best solution to 
fulfil constraints and maximize or minimize an objective 
function. In general, algorithms were developed to solve these 
complex problems - a combination of natural approaches with 
specialized stochastic operators [18, 19]. 

III. DETERMINATION OF DIESEL FUEL QUALITY 
INDICATORS 
The diesel fuel quality control system includes determination 
of diesel fuel quality indicators, determination of diesel fuel 
quality control methods, selection of diesel fuel life cycle stage, 
which constitute the diesel fuel quality assurance system, 
which allows assessing the quality of diesel fuel by selected 
control methods using computational algorithm and 
mathematical models, taking into account the requirements of 
regulatory documentation. The procedure for studying diesel 
fuel quality control is very complex and multifaceted. It 
requires the use of both modern mathematical tools and deep 
practical knowledge and experience. Therefore, in order to 
simplify the laboratory procedure of diesel fuel quality control, 
we propose mathematical and electrical approaches to obtain 
this quality. Namely, the control system will be analyzed and 
investigated by electrical and mathematical methods or 
algorithms. 

The electrical measurement method is a method of 
determining the physical parameters of an object by converting 
them into an electrical signal. This method uses the principles 
of electricity for accurate and fast measurement, which allows 
reducing the influence of external factors and increasing the 
reliability of the obtained data. Usually, the measurement 
process involves the use of transducers that respond to changes 
in the measured value and generate the corresponding electrical 
signal. Then this signal is processed with the help of electronic 
devices, which allows us to get the value of the measured value 
in real time. Electrical methods of measuring non-electrical 
values (quality indicators of finished products and raw 
materials) are widely used in study of products and services in 
the era of computerization and the use of artificial intelligence 
and machine learning. The conversion of non-electrical 
quantities into electrical signals is carried out using measuring 
transducers. Electrical methods such as capacitive, induction, 
etc. are widely used to measure non-electrical quantities. 

An electrical method for control the quality of fuel under 
study was developed using the frequency range of electrical 
measurements of the amplitude characteristics of the measuring 
transducer for diesel fuel [20]. The proposed method makes it 
possible to control the quality of fuel by the characteristics of a 
high-frequency electromagnetic signal passed through the fuel 
under study. The electrical method of diesel fuel quality control 
consists in development of a measuring electrical circuit that 
allows recording changes in the characteristics of 
electromagnetic signal depending on the type of fuel under 
study.  

To determine the effect of the fuel under study on the 
characteristics of the output signals of the measuring 
transducer, a sinusoidal periodic high-frequency signal is fed 
from the output of the oscillator to the input of the measuring 
transducer. An electromagnetic sinusoidal high-frequency 
signal is applied from the oscillator output to the measuring 
transducer, which is a series-connected resistance store Rn and 
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a capacitive sensor Cx, between the covers of which the fuel 
under test is located, an electromagnetic sinusoidal signal of 
high frequency is fed from the oscillator output. 

The fuel under test, which is located between the capacitor 
covers, changes the amplitude-frequency response of a 
sinusoidal signal applied to the capacitor plates in a certain 
frequency range. 

The electrical circuit of the fuel test is shown in Figure 1.  
 

 

Figure 1. Electrical diagram of fuel analysis using a capacitive 
sensor. 

The electrical circuit is designed to obtain experimental 
diesel fuel data from various importing countries. It contains an 
oscillator, a voltmeter, an oscilloscope, a resistance box and a 
test object. The test object consists of a 0.75-litre container and 
a capacitive sensor made of textolite metallized with a thin 
copper layer with a plate width of 67 mm, plate length of 119 
mm and plate spacing of 1.4 mm. A voltmeter, a series 
converter, and an oscilloscope are connected to the oscillator in 
parallel.  

The input voltage (Uin) on the voltmeter is set to 5V and 
kept constant throughout the measurement.  

After some calculations, and taking into account that sensor 
capacity under operating conditions is 0.11nF, it is recognized 
that the nominal resistance of the circuit will be 1.5kΩ, which 
is set on the resistance store. The frequency on the oscillator 
varies from 500kHz to 10MHz. The oscilloscope reads the 
output voltage (Uout). 

The research sequence is as follows. The test circuit is 
connected to the power supply, the container is filled with the 
test fuel, into which the capacitive sensor is installed, and 
experimental studies are carried out for this test fuel. In this 
way, the voltage Uout for the test fuel is determined at 
frequencies from 500 kHz to 10 MHz for each sample. The 
results of the experimental studies, i.e., the measured values of 
the output voltage and the steady-state value of the input 
voltage from frequency changes, are stored to determine the 
reduced output voltage value Unp. 

The reduced output voltage value Unp of the signal under 
test is determined by the following formula: 

 

                          Uпр =
౫౪


,                                    (1) 

 
where Uout – output voltage readings taken from the 
oscilloscope; Uin - input voltage, which is set on a voltmeter 
and kept constant (Uin = 5V). 

The results of calculating the reduced value of the 
investigated signal Unp are shown in Table 1. According to the 
table, a graphical representation of the reduced value of the 
investigated signal versus frequency is constructed and 
conclusions about the quality of the investigated fuel are drawn. 

Table 1. Results of the diesel fuel experimental research 

f, MHz 

Romania Lithuania  Poland 

Unр Unр Unр 

0.5 0.38 0.38 0.4 

0.8 0.68 0.66 0.66 

0.9 0.76 0.72 0.76 

1 0.84 0.8 0.84 

2 0,6 0.6 0.58 

3 0.66 0.66 0.7 

4 0.46 0.48 0.48 
5 0.44 0.4 0.4 

6 0.32 0.3 0.3 

7 1.2 1.16 1.16 

8 2.16 1.56 1.52 

9 1.52 1.32 1.24 

10 1.24 1.28 1.2 

 
The dependence of the reduced value Unp of the measuring 

transducer for diesel fuel from different importing countries on 
the frequency f according to Table 1 is shown in Figure 2. 

 

 

Figure 2. Dependence of the reduced value Unp of the 
measuring transducer for diesel fuel from different importing 

countries on the frequency f. 

The graphs show that all the dependencies of the reduced 
value Unp of the measuring transducer for diesel fuel from 
different importing countries have different reduced signal 
values at a frequency of 8 MHz. The dependence of the 
amplitude A for diesel fuel from Romania has the highest 
reduced signal value. This may indicate that this diesel fuel has 
different quality values than the other diesel fuels.  

The relationship between the electrical parameters and the 
physical parameters of the diesel fuel can be seen in the 
measurements and graphs. Electrical parameters, like physical 
parameters, can be represented in the form of mathematical 
apparatus or algorithm using modern computerization, machine 
learning and artificial intelligence approaches. The diesel fuel 
control system depends on the main indicators of the fuels 
under study, which can be selected for mathematical and 
computer processing. The generalized quality function P of any 
type of product is presented as a mathematical tool, and the 
evolutionary method of function approximation by real 
polynomials is used as a computerized tool. 

On the basis of the systematic approach, mathematical 
apparatus, theory of qualimetry and taking into account the 
concept of electrical control, the generalized quality function P 
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of any type of product can be represented by the functional 
dependence [21, 22]: 

 

  qqqqQQQQXFP nn
,...,,,;,...,,,

321321
 ,           (2) 

 
where X  – a set of electrical parameters; 

1 2 3
, , ,...,

n
Q Q Q Q  – single indicators of product quality; 

1 2 3
, , ,...,

n
q q q q  – weighting coefficients of the respective 

single indicator. 
That is, the set of electrical parameters is a function of the 

single quality indicators of any object under control. 
If a substance or material is introduced by a bipolar sensor, 

its complex conductivity in the volume of the sensor’s sensing 
element depends on the electrical parameters of the bipolar 
sensor. At constant values of the frequency, shape and 
amplitude of the test signal, in the absence of the influence of 
uninformative imitation, the conductivity will be as follows (3): 

 
 XXXFY n,...,, 212 ,        (3) 

 

where XXX n,...,, 21  – electrical parameters of the complex 
conductivity represented by a known substitution scheme. 

If the relationship between the electrical parameters and the 
unit parameters of the product is known, i.e., 

 

 QFX 111  ;  QFX 222  ; …,  QFX nnn  ,   (4) 

 
we can record that 
 

 XXXFP n,...,, 21 .           (5) 

 
Thus, the product quality function can be determined by a 

set of electrical parameters of the bipolar, which gives grounds 
for the use of electrical quality control of products, which can 
be represented as a bipolar. In other words, to study diesel fuel 
quality control system, measuring instruments can be used that 
measure the signal amplitude depending on the frequency and 
represent it as a mathematical dependence. Expression (5) 
shows the functional dependence of diesel fuel quality indicator 
on their electrical parameters. 

Now, it is necessary to apply the evolutionary method of 
approximating functions by real polynomials to expression (5) 
[23-29]. That is, if the input information is a set of discrete 
values of the argument and function, the main focus of this 
approach is to approximate the functions using real 
polynomials, which provide more flexibility in different 
scenarios. This mathematical algorithm is reduced for solving 
a parametric optimization problem to minimize the difference 

function between the obtained result and the desired one. This 
algorithm does not require any prior knowledge of the objective 
function or its derivatives, so it is applicable to a wide range of 
problems, such as those involving black box functions. 

IV. APPROXIMATION OF DIESEL FUEL 
CHARACTERISTICS USING GENETIC ALGORITHMS 
Since the diesel fuel control system is a set of elements 
(electrical or physical parameters) and an established 
relationship between them, which is represented by the 
dependence of the reduced signal value on frequency (Figure 
2), the study of this control system is reduced to approximating 
the function using real polynomials. This control system can be 
represented by a function that has several conflicting criteria 
that need to be optimized simultaneously and in this case 
approximation method is the most appropriate option for 
research. 

To approximate a dependence (5), a cubic polynomial can 
be used: 

𝑦 =  𝑎 +  𝑎ଵ𝑥 + 𝑎ଶ𝑥ଶ + 𝑎ଷ𝑥ଷ          (6) 
 

and the following coefficients 𝑎, 𝑎ଵ, 𝑎ଶ and 𝑎ଷ can be found 
that would allow us to find a solution close to the desired one. 
To extend the approximation capabilities of the polynomial, we 
substitute the integer powers at х on real powers 𝑛ଵ, 𝑛ଶ and 𝑛ଷ, 
respectively. Then expression (6) can be written as follows: 

 

𝑦 =  𝑎 +  𝑎ଵ𝑥భ +  𝑎ଶ𝑥మ + 𝑎ଷ𝑥య        (7) 
 
This is done to find the closest possible solution by finding 

the powers of 𝑛ଵ, 𝑛ଶ and 𝑛ଷ, that are unknown.  
We need to find the values of the polynomial coefficients 

that will reproduce the graph as closely as possible (Figure 2). 
As a result, we get a system of four linear algebraic equations 
[30]: 

 

⎩
⎪
⎨

⎪
⎧𝑦ଵ =  𝑎 + 𝑎ଵ𝑥ଵ + 𝑎ଶ𝑥ଵ

ଶ + 𝑎ଷ𝑥ଵ
ଷ

𝑦ଶ =  𝑎 + 𝑎ଵ𝑥ଶ + 𝑎ଶ𝑥ଶ
ଶ + 𝑎ଷ𝑥ଶ

ଷ

𝑦ଷ =  𝑎 + 𝑎ଵ𝑥ଷ + 𝑎ଶ𝑥ଷ
ଶ + 𝑎ଷ𝑥ଷ

ଷ

𝑦ସ =  𝑎 + 𝑎ଵ𝑥ସ + 𝑎ଶ𝑥ସ
ଶ + 𝑎ଷ𝑥ସ

ଷ

         (8) 

 
by solving which we will find 𝑎, 𝑎ଵ, 𝑎ଶ and 𝑎ଷ. Then we can 
write general mathematical dependence in the form of 
expression (7), taking into account the found coefficients.  

To find the approximation coefficients, it is necessary to 
group the resulting data of the reduced value Unp for diesel fuel 
from different importing countries from the change in 
frequency fi (Table 2) and this function will take the form 
𝐴(𝑓). 

 

Table 2 Resulting data 

fi f0 f1 f2 f3 f4 f5 f6 f7 f8 f9 f10 f11 f12 f13 
f, MHz 0 0,5 0,8 0,9 1 2 3 4 5 6 7 8 9 10 

APi 0 0,38 0,68 0,76 0,84 0,6 0,66 0,46 0,44 0,32 1,2 2,16 1,52 1,24 
AЛі 0 0,38 0,66 0,72 0,8 0,6 0,66 0,48 0,4 0,3 1,16 1,56 1,32 1,28 
АПі 0 0,4 0,66 0,76 0,84 0,58 0,7 0,48 0,4 0,3 1,16 1,52 1,24 1,2 
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Taking into account the graph presented in Figure 2, namely 

the part of the graph where diesel fuel from different countries 
has almost the same reduced value, it is worth dividing it into 
two intervals. One interval is the dependence of the reduced 
value at a frequency from 0 MHz to 6 MHz, the second - at a 
frequency from 6 MHz to 10 MHz. The main manipulations 
will be carried out with the first part of the graph, since it most 
successfully reflects the sinusoidal signal and carries more 
information for the possibility of reproduction and 
approximation. 

The function 𝐴(𝑓) can be written as: 
 

𝐴(𝑓) =  𝑎 + 𝑎ଵ𝑓 + 𝑎ଶ𝑓ଶ + 𝑎ଷ𝑓ଷ          (9) 
 
Derivative 𝐵(𝑓) from this function 𝐴(𝑓) is as follows: 
 
𝐵(𝑓) =  𝑎ଵ + 2𝑎ଶ𝑓 + 3𝑎ଷ𝑓ଶ         (10) 

 
Hence, the system of equations for calculating the 

coefficients 𝑎, 𝑎ଵ, 𝑎ଶ and 𝑎ଷ is written as: 
 

⎩
⎪
⎨

⎪
⎧𝐴 =  𝑎 + 𝑎ଵ𝑓 + 𝑎ଶ𝑓

ଶ + 𝑎ଷ𝑓
ଷ

𝐴ଽ =  𝑎 + 𝑎ଵ𝑓ଽ + 𝑎ଶ𝑓ଽ
ଶ + 𝑎ଷ𝑓ଽ

ଷ

𝐵 =  𝑎ଵ + 2𝑎ଶ𝑓 + 3𝑎ଷ𝑓
ଶ

𝐵ଽ =  𝑎ଵ + 2𝑎ଶ𝑓ଽ + 3𝑎ଷ𝑓ଽ
ଶ

        (11) 

 
For diesel fuel from the importing country Romania 𝐴 =

0, 𝐴ଽ = 0,32.  

Respectively, 𝐵 = (𝐴ଵ −  𝐴)/( 𝑓ଵ − 𝑓) = (0,38 −

0)/(0,5 − 0) =  0,76, аnd  

𝐵ଽ = (𝐴ଽ −  𝐴଼)/( 𝑓ଽ − 𝑓 ) = (0,32 − 0,44)/(6 − 5)

=  − 0,12 
 

Substituting the values found 𝐴, 𝐴ଽ, 𝐵, 𝐵ଽ into the 
system (11), this system looks like (12): 

 

⎩
⎨

⎧
0 =  𝑎

0,32 =  𝑎 + 6𝑎ଵ𝑓ଽ + 36𝑎ଶ𝑓ଽ
ଶ + 216𝑎ଷ𝑓ଽ

ଷ

0,76 =  𝑎ଵ

−0,12 =  𝑎ଵ + 2𝑎ଶ𝑓ଽ + 3𝑎ଷ𝑓ଽ
ଶ

      (12) 

 
Substituting  𝑎 і 𝑎ଵ in equation (11) and replacing the 

fixed powers 1, 2 and 3 with 𝑏ଵ, 𝑏ଶ and 𝑏ଷ respectively, we 
obtain the system of equations (13): 

 

⎩
⎪
⎨

⎪
⎧ А = 0 + 0,76 𝑓

భ + 𝑎ଶ𝑓
మ + 𝑎ଷ𝑓

య

Аଽ =  0 + 0,76 𝑓ଽ
భ + 𝑎ଶ𝑓ଽ

మ + 𝑎ଷ𝑓ଽ
య

𝐵 =  0,76 + 𝑏ଶ𝑎ଶ𝑓
మିଵ

+ 𝑏ଷ𝑎ଷ𝑓
యିଵ

𝐵ଽ =  0,76 + 𝑏ଶ𝑎ଶ𝑓ଽ
మିଵ

+ 𝑏ଷ𝑎ଷ𝑓ଽ
యିଵ

        (13) 

 
Since,  𝑎 = 0, і  𝑓 = 0, then the system of equations (13) 

is as follows (14): 
 

൝
Аଽ =  0 + 0,76 𝑓ଽ

భ + 𝑎ଶ𝑓ଽ
మ + 𝑎ଷ𝑓ଽ

య

𝐵ଽ =  0,76 + 𝑏ଶ𝑎ଶ𝑓ଽ
మିଵ

+ 𝑏ଷ𝑎ଷ𝑓ଽ
యିଵ          (14) 

 
Hence,  

𝑎ଶ = (Аଽ − 0,76 𝑓ଽ
భ − 𝑎ଷ𝑓ଽ

య)/𝑓ଽ
మ 

Then 𝐵ଽ =  0,76 + (𝑏ଶ   𝑓ଽ
మିଵ

/ 𝑓ଽ
మ)(Аଽ −

0,76 𝑓ଽ
భ − 𝑎ଷ𝑓ଽ

య) + 𝑏ଷ𝑎ଷ𝑓ଽ
యିଵ

 
After substitution:  

С = 𝐵ଽ  − 0,76   ,  Сଵ = 𝑏ଶ   𝑓ଽ
మିଵ

/ 𝑓ଽ
మ    , Сଶ =

𝐴ଽ  − 0,76 𝑓ଽ
భ, then  

 

С = Сଵ൫Сଶ  − 𝑎ଷ𝑓ଽ
య൯ +   𝑏ଷ𝑎ଷ𝑓ଽ

యିଵ
, 

 

С − СଵСଶ =  𝑎ଷ( 𝑏ଷ 𝑓ଽ
యିଵ

− Сଵ𝑓ଽ
య)   . 

 
Hence, 𝑎ଷ is as the following: 
 

𝑎ଷ = (С − СଵСଶ)/ ( 𝑏ଷ 𝑓ଽ
యିଵ

− Сଵ𝑓ଽ
య) 

 
Let, 𝑏ଵ =  [0,1 ÷ 2];   𝑏ଶ =  [1 ÷ 3];  𝑏ଷ =  [2 ÷ 4]. 
 
Now, we find 𝑎ଶ and 𝑎ଷ, 𝑏ଵ, 𝑏ଶ and 𝑏ଷ using a genetic 

algorithm (GA) and write the function 𝐴(𝑓) with the found 
values, and also draw a graph of the approximated function. 

After applying the GA, we will get the following results: 𝑎 
= 0, 𝑎ଵ = 0,76, 𝑎ଶ = 6,0710, 𝑎ଷ = - 6,3197, respectively 𝑏ଵ = 
1,0595,, 𝑏ଶ = 2,2833, 𝑏ଷ = 2,2682.  

Function 𝐴(𝑓) is as the following: 
 

𝐴(𝑓)Р =  0,76𝑓ଵ,ହଽହ + 6,0710𝑓ଶ,ଶ଼ଷଷ

− 6,3197𝑓ଶ,ଶ଼ଶ 
 
And the graph of the approximated function is as follows 

(Figure 3): 
 

 

Figure 3. The graph of the approximated function (1 – 
dependence of the reduced value of Unp of diesel fuel 

measuring transducer from the importing country Romania on 
the frequency f; 2 – dependence of the calculated value by GA 

on the frequency f) 
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For diesel fuel from the importing country Lithuania, the 
results are as follows: 𝑎 = 0, 𝑎ଵ = 0,76, 𝑎ଶ = -33,3933, 𝑎ଷ = 
33,1443, respectively 𝑏ଵ = 1,0588,, 𝑏ଶ = 2,2717, 𝑏ଷ = 2,2745.  

Function 𝐴(𝑓) is written as: 
 

𝐴(𝑓)Л =  0,76𝑓ଵ,ହ଼଼ − 33,3933𝑓ଶ,ଶଵ

+ 33,1443𝑓ଶ,ଶସହ 
 

And the graph of the approximated function is as 
follows (Figure 4): 

 

Figure 4. The graph of the approximated function (1 – 
dependence of the reduced value of Unp of diesel fuel 

measuring transducer from the importing country Lithuania 
on the frequency f; 2 – dependence of the calculated value by 

GA on the frequency f) 

For diesel fuel from the importing country Poland, the 
results are as follows: 𝑎 = 0, 𝑎ଵ = 0,76, 𝑎ଶ = 1,5953, 𝑎ଷ = - 
1,8376, respectively 𝑏ଵ = 1,0766,, 𝑏ଶ = 2,3678, 𝑏ଷ = 2,3131.  

Function 𝐴(𝑓) is written as: 
 

𝐴(𝑓)Л =  0,76𝑓ଵ, + 1,5953𝑓ଶ,ଷ଼

− 1,8376𝑓ଶ,ଷଵଷଵ 
 
And the graph of the approximated function is as follows 
(Figure 5): 
 

 
 

Figure 5. The graph of the approximated function (1 – 
dependence of the reduced value of Unp of diesel fuel 

measuring transducer from the importing country Poland on 
the frequency f; 2 – dependence of the calculated value by GA 

on the frealgebquency f). 

If we substitute the boundaries [𝑏ଵ − 𝑏ଷ] =  [0 ÷ 5], then 
the results will be: 𝑎 = 0, 𝑎ଵ = 0,76,𝑎ଶ = 6,1596, 𝑎ଷ = - 
6,2143, respectively 𝑏ଵ = 0,9983,, 𝑏ଶ = 0,6654, 𝑏ଷ = 0,7661. 
And the graph of the approximated function is as follows 
(Figure 6): 

 

 
 

Figure 6. The graph of the approximated function (1 – 
dependence of the reduced value of Unp of diesel fuel 

measuring transducer from the importing country Romania on 
the frequency f; 2 – dependence of the calculated value by GA 

on the frequency f). 

Since the input to the approximated function is a set of 
discrete values of the argument and function, the main focus is 
on an approximated function that is approximately equal to the 
measured function and that gains flexibility in different 
scenarios. This algorithm does not require any prior knowledge 
of the objective function or its derivatives, so it is suitable for 
a wide range of problems, including those involving black-box 
functions. This can be seen in the graphs shown in Figs. 3-5. 
These representations show the discrepancies between the 
obtained result and the desired result, which characterize the 
permissible deviations, since each measurement may have an 
error. The graph in Fig. 6 has slightly different approximation 
limits and, accordingly, the approximation graph looks 
different. Comparing the graphs in Fig. 3 and Fig. 6 for fuel 
from the same importing country, it is clear that the latter has a 
closer approximation curve to the measured curve. At higher 
frequencies, the two curves coincide. This makes it possible to 
argue that it is worth applying GA within the limits of [𝑏ଵ −
𝑏ଷ] =  [0 ÷ 5], then the approximated function will better 
reflect the expected result.  

V. CONCLUSION 
The procedure for testing the diesel fuel control system can be 
carried out either electrically, which requires a circuit diagram 
and fuel samples, or by mathematical modelling. In the latter 
case, it is sufficient to have the fuel values and their permissible 
tolerances. As a mathematical model of the diesel fuel control 
system, the article proposes a functional dependence of diesel 
fuel quality on their electrical parameters. To study this model, 
the function is approximated by real polynomials using a 
genetic algorithm. The modelling results presented in the 
graphs allow us to analyze the dependence of the measured and 
approximated values, assess the differences between the result 
obtained and the desired one, analyze them and determine the 
limits within which it is better to apply the genetic algorithm. 
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To improve the approximation results, it is necessary to have a 
larger number of empirical values 𝐴(𝑓).  

References 

[1] M. Ulberth-Buchgraber, J. Charoud-Got, A. Held, “Certified reference 
materials for effective automotive diesel fuel testing,” Fuel, vol. 286, part 
1, 119367, 2021. https://doi.org/10.1016/j.fuel.2020.119367. 

[2] B. D. Batts, A. Z. Fathoni, “A literature review on fuel stability studies 
with particular emphasis on diesel oil,” Energy Fuels, vol. 5, pp. 2–21, 
1991. https://doi.org/10.1021/ef00025a001. 

[3] S. C. Gad, Diesel Fuel, In Encyclopedia of Toxicology, 2nd ed.; Philip, 
W., Ed.; Elsevier: Amsterdam, The Netherlands, 2005, pp. 715–729. 
https://doi.org/10.1016/B0-12-176480-X/00259-X 

[4] A. Rimkus, T. Vipartas, J. Matijošius, S. Stravinskas, D. Kriaučiūnas 
“Study of indicators of CI engine running on conventional diesel and 
chicken fat mixtures changing EGR, Applied Sciences, vol. 11, issue 4, 
1411, 2021. https://doi.org/10.3390/app11041411. 

[5] Q. Ma, Q. Zhang, J. Liang, C. Yang, “The performance and emissions 
characteristics of diesel/biodiesel/alcohol blends in a diesel engine,” 
Energy Rep., vol. 7, pp. 1016–1024, 2021. 
https://doi.org/10.1016/j.egyr.2021.02.027. 

[6] R. Gautam, S. Kumar, “Performance and combustion analysis of diesel 
and tallow biodiesel in CI engine,” Energy Rep., vol. 6, pp. 2785–2793, 
2020. https://doi.org/10.1016/j.egyr.2020.09.039. 

[7] J. Matijošius, O. Orynycz, S. Kovbasenko, V. Simonenko, Y. Shuba, V. 
Moroz, S. Gutarevych, A. Wasiak, K. Tucki, “Testing the indicators of 
diesel vehicles operating on diesel oil and diesel biofuel,” Energies, vol. 
15, issue 24, 9263, 2022. https://doi.org/10.3390/en15249263. 

[8] S. Fairfax, N. Dowling, P. Weidknecht, “Reliability assessment of a large 
diesel generator fleet,” IEEE Transactions on Industry Applications, vol. 
56, issue 2, pp. 942-951, 2020. 
https://doi.org/10.1109/TIA.2019.2957469. 

[9] Md. S. Islam, A. Jahid; A. S. M. T. Islam, Sharif, Md. A. Sadath, Md. K. 
Hasan Monju, “Renewable energy aware cost assessment for green data 
center with hybrid energy sources,” Proceedings of the 2019 
International Conference on Robotics, Electrical and Signal Processing 
Techniques (ICREST), 2019, pp. 120-125. 
https://doi.org/10.1109/ICREST.2019.8644224. 

[10] M. Dietmannsberger; J. Burkhardt, “Modelling and assessment of system 
costs and CO2-emissions for electrification of bus fleets,” Proceedings of 
the 2021 Smart City Symposium Prague (SCSP), 2021, pp. 1-7. 
https://doi.org/10.1109/SCSP52043.2021.9447374. 

[11] A. Choudhary, S. Gokhale, A. Shukla, P. Kumar, A. K. Singh, 
“Variability in emission rate of auto-rickshaw based on real world driving 
profile: A case study in Guwahati city,” Proceedings of the 2019 URSI 
Asia-Pacific Radio Science Conference (AP-RASC), 2019, pp. 1-4. 
https://doi.org/10.23919/URSIAP-RASC.2019.8738673. 

[12] B. Mrusek, J. K. Wilson, J. Solti, “Mitigating human error in jet fuel 
contamination,” Proceedings of the 2021 IEEE Aerospace Conference 
(50100), 2021, pp. 1-7. 
https://doi.org/10.1109/AERO50100.2021.9438524. 

[13] R. Kothari, S. Ahmad, V. V. Pathak, A. K. Pandey, R. Saidur, “Fuel 
quality index of transesterified and nontransestried oil samples of 
Mustard and Ricebran oil,” Proceedings of the 5th IET International 
Conference on Clean Energy and Technology (CEAT2018), 2018. 
https://doi.org/10.1049/cp.2018.1333. 

[14] X. M. Zhang, Q. L. Han, X. Ge, D. Ding, L. Ding, D. Yue, C. Peng, 
“Networked control systems: A survey of trends and techniques,” 
IEEE/CAA J. Autom. Sin., vol. 7, pp. 1–17, 2019. 
https://doi.org/10.1109/JAS.2019.1911651. 

[15] T. Tomura, K. Uehiro, S. Kanai, S. Yamamoto, “Developing simulation 
models of open distributed control system by using object-oriented 
structural and behavioral patterns,” Proceedings of the Fourth IEEE 
International Symposium on Object-Oriented Real-Time Distributed 
Computing, ISORC 2001, Magdeburg, Germany, 2–4 May 2001, pp. 
428–437. https://doi.org/10.1109/ISORC.2001.922868. 

[16] A. Velazquez, F. Martell, I. Y. Sanchez, C. A. Paredes, “Cyberphysical 
system modeled with complex networks and hybrid automata to diagnose 
multiple and concurrent faults in manufacturing systems,” Applied 
Sciences, vol. 13, no. 19, 10603, 2023. 
https://doi.org/10.3390/app131910603. 

[17] F. A. Oumeziane, A. Ourghanlian, S. Amari, “Analysis of distributed 
control systems using timed automata with guards and dioid algebra,” 
Proceedings of the 2020 25th IEEE International Conference on 
Emerging Technologies and Factory Automation (ETFA), Vienna, 
Austria, 8–11 September 2020, vol. 1, pp. 1373–1376. 
https://doi.org/10.1109/ETFA46521.2020.9211898. 

[18] J. C. Spall, Introduction to Stochastic Search and Optimization: 
Estimation, Simulation, and Control, John Wiley & Sons: Hoboken, NJ, 
USA, 2005. ISBN 0471441902. 

[19] S. Zhao, T. Zhang, S. Ma, M. Wang, “Sea-horse optimizer: A novel 
nature-inspired meta-heuristic for global optimization problems,” Appl. 
Intell., vol. 53, pp. 11833–11860, 2023. https://doi.org/10.1007/s10489-
022-03994-3. 

[20] L. L. Monteiro, P. Zoio, B. B. Carvalho, L. P. Fonseca and C. R. C. 
Calado, “Quality monitoring of biodiesel and diesel/biodiesel blends: A 
comparison between benchtop FT-NIR versus a portable miniaturized 
NIR spectroscopic analysis,” Processes, vol. 11, issue 4, 1071, 2023. 
https://doi.org/10.3390/pr11041071. 

[21] A. Sioma, “Vision system in product quality control systems,” Appl. Sci., 
vol. 13, issue 2, 751, 2023. https://doi.org/10.3390/app13020751. 

[22] J. Abbas, “Impact of total quality management on corporate sustainability 
through the mediating effect of knowledge management,” J. Clean. Prod., 
vol. 244, 118806, 2020. https://doi.org/10.1016/j.jclepro.2019.118806. 

[23] V. Samotiy, U. Dzelendziak, “The use of genetic algorithms for 
approximation of functions by real polynomials,” Computer Sciences and 
Information Technologies: Bulletin of Lviv Polytechnic University, no. 
694, pp. 313-318, 2011. https://ena.lpnu.ua/collections/fee269ff-30ce-
4a5f-8621-3f29084ebfda. 

[24] P. Bykovyy, V. Kochan, A. Sachenko and G. Markowsky, “Genetic 
algorithm implementation for perimeter security systems CAD,” 
Proceedings of the 2007 4th IEEE Workshop on Intelligent Data 
Acquisition and Advanced Computing Systems: Technology and 
Applications (IDAACS’2007), Dortmund, Germany, 2007, pp. 634-638, 
https://doi.org/10.1109/IDAACS.2007.4488498. 

[25] A. Wambua Wambua, G. Mariga Wambugu, “A comparative analysis of 
bat and genetic algorithms for test case prioritization in regression 
testing,” International Journal of Intelligent Systems and Applications 
(IJISA), vol. 15, no. 1, pp. 13-21, 2023. 
https://doi.org/10.5815/ijisa.2023.01.02. 

[26] A. L. El Idrissi, et al., “A novel approach and hybrid parallel algorithms 
for solving the fixed charge transportation problem,” Radioelectronic and 
Computer Systems, no. 3, pp. 18-26, 2023. 
https://doi.org/10.32620/reks.2023.3.02. 

[27] K. Janardhana, S. Sridhar, C. K. Dixit, M. Deivakani, S. Tamilselvi, A. 
R. Kaladgi, A. Afzal, M. A. A. Baig, “ANFIS modeling of biodiesels’ 
physical and engine characteristics: A review,” Heat Transf., vol. 50, pp. 
8052–8079, 2021. https://doi.org/10.1002/htj.22266. 

[28] E. O. Oke, O. Adeyi, B. I. Okolo, C. J. Ude, J. A. Adeyi, K. K. Salam, U. 
Nwokie, I. Nzeribe, “Heterogeneously catalyzed biodiesel production 
from Azadiricha Indica oil: Predictive modelling with uncertainty 
quantification, experimental optimization and techno-economic 
analysis,” Bioresour. Technol., vol. 332, 125141, 2021. 
https://doi.org/10.1016/j.biortech.2021.125141. 

[29] N. Ocheretnyuk, I. Voytyuk, M. Dyvak and Y. Martsenyuk, “Features of 
structure identification the macromodels for nonstationary fields of air 
pollutions from vehicles,” Proceedings of International Conference on 
Modern Problem of Radio Engineering, Telecommunications and 
Computer Science, Lviv, Ukraine, 2012, pp. 444-444, 
https://ieeexplore.ieee.org/document/6192692. 

[30] M. Dyvak, A. Pukas, I. Oliynyk and A. Melnyk, “Selection the 
“Saturated” block from interval system of linear algebraic equations for 
recurrent laryngeal nerve identification,” Proceedings of the 2018 IEEE 
Second International Conference on Data Stream Mining & Processing 
(DSMP), Lviv, Ukraine, 2018, pp. 444-448, 
https://doi.org/10.1109/DSMP.2018.8478528. 

 
 

 

VOLODYMYR SAMOTYY received a 
M.S. in Automation from Lviv 
Polytechnic National University, 
Ukraine in 1984, a Ph.D. in 1990, and a 
D.S. in computers, systems and 
networks, elements and devices of 
computers and control systems in 
1997. He has been a professor since 
2001. He is currently a Full Professor 
at the Department of Automation and 
Information   Technologies,   Cracow  

University of Technology, Poland, and the Department of 
Computerized Automatic Systems at Lviv Polytechnic National 
University, Ukraine. His research interests include evolutionary 
models, numerical methods, information security, and digital 
signal processing. ORCID: 0000-0003-2344-2576. 
 



Volodymyr Samotyy et al. / International Journal of Computing, 23(4) 2024, 598-605  

VOLUME 23(4), 2024 605 

 

OKSANA SHPAK received a M.S. in 
Quality Management from Lviv 
Polytechnic National University, 
Ukraine in 2001, and a PhD in 2013. 
Since 2020 she has been an Assistant 
Professor of the Department of 
Computerized Automatic Systems at 
Lviv Polytechnic National University, 
Ukraine. Her research interests: quality 
control, Diesel and biodiesel and digital 

signal processing. ORCID: 0000-0002-2093-9029. 
 

 

ULYANA DZELENDZYAK received a 
M.S. in Applied Mathematics from Lviv 
Polytechnic National University, 
Ukraine in 1989, and a PhD in 2006. 
Since 2009 she has been an Associate 
Professor of the Department of 
Computerized Automatic Systems at 
Lviv Polytechnic National University, 
Ukraine. Her research interests include 
evolutionary models, numerical 
methods, and digital signal processing.  

ORCID: 0000-0003-0529-8582. 
 

 

STEPAN VOYTUSIK received the Ph. D. 
degree in Physical Electronics from the 
All Russian Research Center of Surface 
and Vacuum Properties (Russia, 
Moscow) in 1992 and Microelectronic 
Engineering degree from the Lviv 
Polytechnic Institute in 1984. His 
research interests include computer of 
arithmetic, hardware computing, 
information Security. ORCID:.0000-
0003-4234-3303 

 
 
 

 
 
 
 
 


