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Abstract . The development of future generation computer systems based 
on approximate models of human thinking and their use is one of the main 
tasks of science today. The ability to make correct decisions in the face of 
incomplete and unclear information is the main property of human 
intelligence. However, to take into account various types of uncertainties 
that necessarily arise in the mathematical description of reality, it is 
necessary to use Fuzzy logic . This article presents a generalized method for 
assessing power quality indicators in distribution networks using fuzzy 
logic. This allows you to significantly expand the possibilities of taking into 
account fuzzy information and increase the accuracy of the assessment. In 
conditions of limited and unreliable information about processes, as well as 
incomplete and inaccurate knowledge and subjectivity, an effective solution 
to the problems of improving the transmission and distribution of electricity 
can be achieved through an approach that is based on comprehensive 
analysis and the use of modern technologies and methods. 

1 Introduction

Low quality of supplied electricity, low reliability of power supply and large losses of 
electricity in the network are all problems associated with the main problems of electrical 
networks with a voltage of 10/6 - 0.4 kV. According to experts, half of the electrical 
distribution networks are in unsatisfactory technical condition, and their large length of 
overhead lines 10/6-0.4 kV is a frequent reason for the low quality of electricity . Violations 
of power supply reliability requirements are caused by frequent emergency shutdowns. [1]. 

For a comprehensive assessment of the efficiency of using electricity and distribution 
electrical networks, some generalized quantitative characteristics are used, which are 
indicators of the efficiency of distribution electrical networks. The measurement results (fig. 
1) may indicate faults in the 10/6-0.4 kV network , which can lead to equipment malfunctions 
and loss of electricity.[2] 

Thus, among the total number of 55 measurements for 2021-2022 of the studied 
indicators, the most often discrepancy was observed in Voltage deviation: Discrepancy in 45 
cases out of 55, that is, a percentage of 81.82%. Voltage imbalance: Inconsistency in 34 cases 
out of 55. The percentage is 61.82%. Non-sinusoidal voltage: Mismatch in 40 cases out of 
55. Percentage - 72.73%. Frequency deviation: Discrepancy in 0 cases out of 55.[2] 
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In conditions of limited and incomplete information, monitoring of the technical 
condition, Quality of Electricity and reliability of 10/6-0.4 kV electrical distribution networks 
is carried out, as indicated earlier. Characteristics of these systems include long lines and 
significant branching. However, information on electrical load conditions remains 
insufficient. In addition, enterprises install equipment with small standard sizes and low 
density electrical loads, while the volumes of power supply are large. Therefore, to ensure 
the reliability and efficiency of these systems, the theory of fuzzy logic is often used. 

 

 
Fig. 1. Characteristics of electrical distribution networks in terms of power quality 

2 Materials and methods

In order to evaluate the efficiency of electrical distribution networks, we will select several 
technical and economic factors, such as Electricity Quality (Fig. 2). These will serve as the 
basis for our assessment.[4] 
 

 
Fig.2 Efficiency of distribution power plants 

The condition, which is considered a general criterion for a comprehensive assessment of 
network efficiency, can be formulated as follows: 

𝐸𝐸𝑝𝑝𝑝𝑝 = 𝑓𝑓{𝐸𝐸𝛿𝛿𝑈𝑈(𝑥𝑥1), 𝐸𝐸𝐾𝐾𝐾𝐾(𝑛𝑛)(𝑥𝑥2), … , 𝐸𝐸𝐾𝐾𝐺𝐺𝑈𝑈(𝑥𝑥𝑛𝑛)} → 𝑚𝑚𝑚𝑚𝑚𝑚,                        (1) 
where 𝐸𝐸𝑝𝑝𝑝𝑝– efficiency, power quality, 𝐸𝐸𝛿𝛿𝑈𝑈 −Voltage deviations, 𝐸𝐸𝐾𝐾𝐾𝐾(𝑛𝑛) − Voltage non-

sinusoidality, 𝐸𝐸𝐾𝐾𝐺𝐺𝑈𝑈 −  Voltage asymmetry 
Previously, a possible list of indicators related to the use of electricity was considered for 

various components. 
The value of the derivative 𝜕𝜕𝐸𝐸𝑖𝑖

𝜕𝜕𝑥𝑥𝑖𝑖
 reflects the effectiveness of achieving the desired result 

depending on the change in the indicator 𝑥𝑥𝑖𝑖 from the minimum value 𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚to the maximum 
valuex ( 𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚).. The share of the already achieved result of increasing efficiency corresponds 

Power quality
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Non-sunusoidal voltage
Voltage unbalance
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to the 𝐸𝐸(𝑥𝑥𝑖𝑖)
𝐸𝐸(𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚)value in That time How share result By increase efficiency , which more to 

come reach , corresponds meaning  (1 − 𝐸𝐸(𝑥𝑥𝑖𝑖)
𝐸𝐸(𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚)). 

Drawing up a differential equation is possible on the basis of the considered 
considerations. 

𝜕𝜕𝜕𝜕(𝑥𝑥𝑖𝑖)
𝜕𝜕𝜕𝜕𝑖𝑖

= 𝜃𝜃 𝐸𝐸(𝑥𝑥𝑖𝑖)
𝐸𝐸(𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚) ∙ (1 − 𝐸𝐸(𝑥𝑥𝑖𝑖)

𝐸𝐸(𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚)),                                 (2) 

where θ is the slope coefficient, determines the extent to which improving the indicator 
x affects the achievement of the desired result. 

The solution to equation (2) can be represented as [5]: 

𝐸𝐸(𝑥𝑥𝑖𝑖) = 𝜃𝜃
𝐸𝐸(𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 )

1 + 𝑞𝑞 ∙ 𝑒𝑒−𝜃𝜃∙𝑥𝑥𝑖𝑖
.                                                           (3)   

where q is a pre-exponential factor showing the magnitude of the displacement of the 
potential function along the ordinate axis. 

The search for the most important or “defining” performance indicators is carried out by 
using the slope coefficient θ. This coefficient allows you to determine the increment in 
damage when the efficiency indicator deviates 𝑥𝑥𝑖𝑖 from the standard or optimal value. Using 
known partial potential functions 𝐸𝐸(𝑥𝑥𝑖𝑖), one can calculate meaning coefficient steepness θ 
.[6] After this Can define index efficiency 𝑥𝑥𝑖𝑖, which It has maximum meaning increments 
damage And implement his p priority reduction: 

𝜃𝜃𝑖𝑖 = 𝜕𝜕𝐸𝐸𝑖𝑖(𝑥𝑥𝑖𝑖)
𝜕𝜕𝜕𝜕𝑖𝑖

= 𝜕𝜕𝐸𝐸𝑖𝑖(𝑥𝑥𝑖𝑖)
𝜕𝜕𝜕𝜕𝑖𝑖

+ 𝜕𝜕𝐸𝐸𝑖𝑖(𝑥𝑥𝑖𝑖)
𝜕𝜕𝜕𝜕𝑖𝑖

∙
𝜕𝜕𝜕𝜕𝑗𝑗
𝜕𝜕𝜕𝜕𝑗𝑗

.                                       (4) 

Sensitivity coefficients, denoted as 𝜕𝜕𝜕𝜕𝑖𝑖
𝜕𝜕𝜕𝜕𝑗𝑗

 , which included V expression (5) and are 

described in [14], are called derivatives kind . They demonstrate how will change index 
efficiency 𝑥𝑥𝑖𝑖 relatively changes indicator 𝑥𝑥𝑗𝑗. 

 In expression ( 3) to convert the efficiency of the function to relative units, we 
introduce a normalizing factor, which is equal to: 

𝑥𝑥𝑗𝑗 =
𝑥𝑥𝑗𝑗 − 𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚
.                                                               (5) 

The efficiency function will be defined normally using the following expression. 

𝐸𝐸(𝑥𝑥𝑖𝑖) =
𝑥𝑥𝑖𝑖𝑛𝑛 (1 + 𝑞𝑞 ∙ 𝑒𝑒−𝜃𝜃∙𝑥𝑥𝑖𝑖𝑚𝑚𝑚𝑚𝑚𝑚 )

1 + 𝑞𝑞 ∙ 𝑒𝑒−𝜃𝜃∙𝑥𝑥𝑖𝑖
.                                                (6) 

Knowing or obtaining the values of slope coefficients 𝜃𝜃𝑖𝑖 and various efficiency indicators 
𝑥𝑥𝑖𝑖is necessary to assess the functioning of electrical distribution networks under 
asymmetrical modes. These values can be obtained during operation or energy surveys. 

Determining the assessment for each of the indicators and the overall efficiency is 
possible during an energy survey, when an energy balance is compiled based on actual and 
standard energy consumption. An energy conservation program can also be developed to help 
optimize selected performance indicators based on the survey results.[7] 

When constructing specific fuzzy models, it is necessary to take into account the nature 
of uncertainty and adhere to certain rules when constructing membership functions for fuzzy 
logic. 

In accordance with the requirements [7,8], measures were taken to certify electricity in 
networks. They determine normal and maximum permissible voltage deviations of ±5% and 
±10%, respectively, from the nominal voltage. The membership function shown in Fig. 2. a, 
takes into account the factor " Voltage deviations" and has a formalized description. The 
membership function presented in Fig. 2 also reflects the "Non-sinusoidal voltage" 
parameter. 

3

E3S Web of Conferences 538, 01011 (2024)	 https://doi.org/10.1051/e3sconf/202453801011
IPFA 2024

RETRACTED



In networks with a voltage of 10/6-0.4 kV, various indicators are used to assess the non-
sinusoidal voltage. One of these indicators is the distortion coefficient of the sinusoidal 
voltage curve, denoted as K2U. Another indicator is the coefficient of the nth harmonic 
component of the voltage, denoted as K2U(n). They allow you to evaluate the degree of non-
sinusoidal voltage shown in Fig. 2. b,. However, it is important to note that these figures 
should not exceed 6%. Thus, they serve as important tools for monitoring the quality of 
electrical energy in networks with voltages of 10/6-0.4 kV. 

In the membership function for the parameter “Voltage asymmetry” in Fig. 2 c, g displays 
a symmetrical trapezoidal shape. This parameter includes the coefficients K2U, which 
reflects the voltage asymmetry in the negative sequence, and K0U, which reflects the voltage 
asymmetry in the zero sequence. For both coefficients, there are acceptable values of 2.0%. 
This means that if the coefficient values do not exceed 2.0%, then deviations from the 
symmetrical voltage are considered acceptable. However, there are also maximum 
permissible values, which are 4.0%. 

Indirect methods for determining the values of the membership function are an integral 
part of the process of constructing fuzzy models. They allow you to take into account 
ambiguity and inaccuracy in the subject area and obtain more accurate and realistic results. 
The paired comparison method, in turn, is one of the most common and widely used indirect 
methods. It allows you to compare elements and determine their relative importance, which 
is important when building fuzzy models. 

In searching for a solution to this problem, we can use different approaches, each of which 
provides its own advantages. One possible way is to use subjective intuition in the process of 
pairwise comparison of elements. Another approach is to perform a specific sequence of 
algorithmic or logical actions. In addition, we can use individual elements of the universe as 
standards for comparison. The final approach is to divide all elements into groups and 
compare these groups with each other. Thus, the choice of approach depends on the specific 
task and preferences of the performer. 

The importance of weighted values can be more fully explored by considering their binary 
comparison. For this purpose, we can use the linguistic rating scale (Table 1). This will allow 
us to more accurately determine the significance of each criterion [12]. 

Table 1. Assessments of linguistic significance in relation to [13]. 

Qualitative assessment Quantification 
Strictly equivalent (equally significant) 1 

Weakly preferred 3 
Somewhat preferable 5 
Much preferable 7 
Strictly preferred 9 
Intermediate importance values 2, 4, 6, 8 
The comparison score of element j with element i ( a ji ) has the 
inverse value of a ij   𝑎𝑎𝑗𝑗𝑗𝑗 = 1

𝑎𝑎𝑖𝑖𝑖𝑖
 

 
Let's introduce a new method for determining weighty values based on a matrix of binary 

comparisons. This method allows you to more accurately determine the significance of each 
value. 

Binary comparison matrix A ={ 𝑎𝑎𝑖𝑖𝑖𝑖} is the basis for constructing this method. It consists 
of binary scores 𝑎𝑎𝑖𝑖𝑖𝑖that reflect the assessment of the importance of i in relation to j. Thus, 
each element of the matrix 𝑎𝑎𝑖𝑖𝑖𝑖 is an important indicator for determining the significant values 
of each parameter.  

In searching for significant values using a matrix of binary comparisons, the approximate 
method of T. Saaty is widely used [10,13]. The method allows you to solve the problem by 
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calculating the value of W in real conditions, where the elements of the binary comparison 
matrix are inaccurate due to the reflection of the subjective opinion of an expert. For this 
purpose, a minimizing functional is used [14]: 

 
∑ 𝑎𝑎𝑖𝑖

𝑛𝑛 = 1𝑛𝑛
𝑖𝑖=1 .         (7) 

 
As a result of solving the problem, we obtain the required values  𝑎𝑎1 + 𝑎𝑎2 
 

𝑆𝑆 = ∑ ∑ (𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑗𝑗 − 𝑎𝑎𝑖𝑖)2𝑛𝑛
𝑗𝑗=1  → 𝑚𝑚𝑚𝑚𝑚𝑚 𝑛𝑛

𝑖𝑖=1 ;   ∑ 𝑎𝑎𝑖𝑖 = 𝑛𝑛 .𝑛𝑛
𝑖𝑖=1      (8) 

 
The assessment of the reliability of the rank determination is based on the consistency 

index (CI), which shows how accurately the binary comparisons in matrix A were made. If 
consistency is low, it is recommended to reconsider the data used to compile the matrix. The 
consistency index is calculated based on the maximum eigenvalue of the matrix. 

Based on complex calculations and analysis, Table 2 shows the consistency of the various 
averages. This approach makes it possible to determine the IS consistency index, which is 
calculated using the formula consistency index CI = (λmax-n)/(n-1), where n is the dimension 
of the binary comparison matrix. It is important to note that for an inversely symmetric 
matrix, λ_max≥n is always. From these data we can conclude that the more binary 
comparisons, the smaller the consistency index value, indicating a high degree of agreement. 
For a more detailed analysis, we also calculate the consistency assessments consistency ratio 
based on the consistency index consistency index, where consistency assessments is the 
consistency value of a random matrix of the same order. This indicator allows you to 
determine how well the results obtained are consistent with those that could be obtained by 
chance. In this way, we can use this data to make more informed decisions and evaluate the 
importance of various aspects [14]. 

To achieve consistency in binary comparisons, the concordance score consistency 
assessments must be less than 10%. This was established by repeatedly solving a large 
number of multicriteria problems. However, in some cases, an OS value of up to 20% is 
considered an acceptable level of consistency, especially in practical applications. If the OS 
value exceeds these limits, experts should reconsider the task and reevaluate their judgments 
to achieve the necessary consistency. 

Table 2. Consistency of different averages  

Matrix dimensions 1 2 3 4 5 6 7 8 9 10 
Random 
consistency 0 0 0.58  0.90 1.12 1.24 1.32 1.41 1.45 1.49 

 
Achieving a high level of consistency becomes especially challenging in the case of large 

matrices, starting with 7-9 elements. This is due to the fact that as the number of elements 
increases, it becomes more difficult to take into account all the criteria and make 
unambiguous decisions. However, a minimum level of consistency should always be sought 
to ensure that the assessment results are reliable and objective. It is important to remember 
that consistency is a key element in the decision-making process and is necessary to achieve optimal 
results. 

3 Results and discussion

In general, electric energy is the quality of household equipment of the table 3. Energy 
equipment quality of household equipment electric power engineering electric power 
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engineering electric power engineering electric power engineering quality of household 
equipment. 

Table 3. Indicators quality 

Class Name Col. Grade 
A Very high EQ 100-90 
B High EQ  90-80 
C Normal EQ 80-65 
D Average EQ 65-50 
E Low EQ 50-40 
F Medium low EQ 40-20 
G Very low EQ 20-0 

 
Tables 4 show matrices of binary comparisons and significant values of the parameters 

included in various factors. It is important to note that Matrix 3.1 plays a key role in assigning 
numerical scores to the linguistic judgments of experts according to their rankings. It 
determines the ranks of private second-order criteria, which are subsequently used to form 
indicators at a higher level of the cause-and-effect diagram. This process is carried out by 
ranking the factors, taking into account their impact on the overall effectiveness of the 
activities. 

Table 4. Matrix of binary comparisons and weighty values of parameters included in the factor 
“Electricity Quality” 

Index 
Voltage 

deviation  
( δUy % ) 

Voltage 
unbalance  
( KU, % ) 

Non-sinusoidal 
voltage range  
( K2U, % ) 

Ots.comp. 
eigenvector 

Weighty 
values 

Voltage deviation 1 1/9 1/5 0.28 0.06 

Voltage unbalance 9 1 3 3 0.67 

Non-sinusoidal. 
voltage 5 1/3 1 1.18 0.26 

 
In the process of creating the fuzzy control algorithm, the Fuzzy Logic Toolbox software 

package was used , built into the MatLab environment [9]. In this fuzzy interval system, there 
are three input linguistic variables: voltage deviations, voltage non-susoidality and voltage 
asymmetry coefficients , as well as one output linguistic variable - the configuration of the 
fuzzy logical transformation, power quality assessment, Fig. 3. 

 

 
Fig. 3 Block diagram of fuzzy control “Power quality” 
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Fig.3, a, Linguistic variable “Voltage deviations” 

 
Fig. 3, b Linguistic variable “Non-sinusoidal voltage” 

 
Fig.3, c , Linguistic variable “Voltage asymmetry” 

 
Fig.4 . Linguistic variable “Electricity Quality Rating Scale” 

 For the linguistic variable “fuzzy logical transformation configuration of Electricity 
Quality ” there are seven terms (Fig. 4): A – Very high EQ; B - High EQ; C - Normal EQ; D 
- Average EQ; E – Low EQ; F - Medium low EQ; G – Very low EQ. 
 Then we define a set of logical rules IF – then [14,16], which controls the input and 
output variables, as shown in table. 5 [17]. 

Table 5 Fuzzy logic rules for input and output variables 

Non-
sinusoidal 

voltage 
KU(n) 

Voltage 
asymmetry K2U 

 

Voltage deviation 

High Average Low 

Low 
Low A B C 

Average B C D 
High C D E 

Average Low B D E 
Average C D E 

7

E3S Web of Conferences 538, 01011 (2024)	 https://doi.org/10.1051/e3sconf/202453801011
IPFA 2024

RETRACTED



High D E F 

High 
Low C D E 

Average D E F 
High E F G 

 

 
Fig.5 Logical rules for the factor “Electricity quality” 

4 Conclusion

A methodology has been developed for a comprehensive assessment of the efficiency of 
electrical distribution networks under asymmetrical modes, which allows, based on fuzzy 
logic, to obtain quantitative values taking into account the factors of power quality, power 
supply reliability and network efficiency. 

In today's world, where energy systems are becoming increasingly complex and 
extensive, it is necessary to develop innovative approaches to energy management to ensure 
its efficient use and minimize losses. 

One such approach is the use of intelligent systems that make it possible to analyze large 
volumes of data, predict changes in energy consumption and optimize the operation of energy 
networks in real time. 

Thus, the use of intelligent systems and comprehensive data analysis make it possible to 
effectively solve problems of improving the transmission and distribution of electricity, even 
with limited information and incomplete knowledge about the processes. This opens up new 
opportunities for developing the energy industry and increasing its efficiency. 
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