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Abstract: The increasing demand for power quality in modern power supply facilities and the
deepening changes in the power market have led to frequent power quality events, making the
assessment of power quality a necessity. In view of the complexity of the model and the sensitivity of
the parameters of the existing power quality assessment system, as well as the shortcomings of the
traditional hierarchical analysis method, this paper proposes a data-driven power quality assessment
system based on the improved determinant-valued extension hierarchical analysis, which makes
the factors affecting power quality hierarchical, and enhances the conservatism of the matrix while
reducing the human subjective factors, so as to analyze the main power quality problems in a clearer
and more intuitive way. The evaluation system is validated and analyzed, and the corresponding
evaluation result is “excellent”, which proves that the system effectively evaluates the power quality
in real scenarios, and has a good prospect in power quality evaluation.

Keywords: power quality; data-driven; extension theory; analytic hierarchy process

1. Introduction

With the development of modern industrial technology, the types of electrical loads
have become more and more diversified, and the capacity and number of power grids
are increasing, together with voltage and frequency fluctuations as well as other factors,
all of which are deteriorating the quality of power supply. The increasing prominence of
power quality issues, more complex power systems, and diverse power usage scenarios
have led to a significant focus on power quality assessment. As power quality is affected by
a number of factors, separate analysis and evaluation are often difficult to reflect the actual
situation. The establishment of a comprehensive power quality assessment system will
help to carry out a comprehensive assessment and governance of power quality. Currently,
the research on power quality assessment is divided into two main categories: (1) analyzing
single power quality indicators, such as harmonics, voltage dips, three-phase imbalance,
long-time interruption, etc., and proposing new research methods and establishing a power
quality assessment system; (2) establishing a comprehensive assessment system for power
quality indicators.

In the above context, in order to be able to analyze the economics of power quality
management more scientifically and rationally, Guo J. et al. [1] proposed a comprehensive
assessment method for power quality based on the variable fuzzy set idea, used the power
quality standard cloud model and sample data cloud model, calculated the cloud similarity,
and derived the power quality evaluation level based on the results, but the model was
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more complex. Tymchuk S et al. [2] proposed an estimation method for power quality which
utilized fuzzy set theory to assess the consistency of power quality indicators with power
quality limits, but it was not possible to accurately analyze the more precise weights of the
indicators. Shi H. [3] proposed a comprehensive power quality evaluation method based on
CRITIC and dynamic coefficients, which could reflect both the intrinsic characteristics of the
data series and the relationship between different data series, but there were shortcomings
in terms of generalizability and accessibility. Barros, J. et al. [4] addressed power quality
in DC distribution grids, but they did not consider power quality in AC grids. Dong H.
et al. [5] used a comprehensive power quality evaluation method based on the fuzzy soft set
theory of time series interval value, but there were problems with high data requirements.
Milanović J et al. [6] proposed a methodology inspired by the analytic hierarchy process
(AHP), which evaluated the overall power quality (PQ) performance on the bus based
on several different PQ phenomena considered simultaneously. But the limitations of
the hierarchical analysis method have not been well taken into account. Chen et al. [7]
proposed a combination of AHP and S-Transform for power quality assessment, but there
was a problem that the judgment matrix was not flexible. Lu Y. [8], on the other hand,
introduced the extension hierarchical analysis method to analyze the power data, thus
providing a comprehensive evaluation of power quality. But there were problems with
subjective factors that tended to influence the judgment matrix.

Some machine learning methods have also been used for power quality assessment [9].
For example, Huang H. [10] proposed a power quality assessment method based on a
graph convolutional network and established a power quality assessment system with
index grading. However, there was a problem of insufficient model interpretability. Jia
X. [11] proposed a five-level classification method and a deep belief network (DBN) model
using deep learning algorithms to establish a power quality assessment model, but there
were issues such as parameter sensitivity. In addition to this, methods for assessing the
quality of electrical energy include the use of the random forest method [12], the extension
theory method [13], and the theory of evidence method [14,15].

Combining the above studies, the traditional hierarchical analysis method is selected
as the main body of the power quality assessment system for the deep learning method
with model complexity, and parameter sensitivity, etc. However, it still has the problem
of subjective factors easily affecting the judgment matrix as well as the elasticity of the
judgment matrix. In order to address the above issues, the main contributions of this paper
are as following.

(1) We propose a data-driven power quality assessment system based on the improved
determinant value of the extension hierarchical analysis method.

(2) The evaluation system is validated and analyzed by using simulation data, and the
final evaluation index stands at 0.9286, aligning with the “excellent” rating as defined
by the evaluation standard.

The remainder of this study is as follows. Section 2 describes the basic theory, Section 3
describes the proposed assessment system, Section 4 gives the main results and discussion,
and Section 5 gives the main conclusions of this study.

2. Basic Theory
2.1. Power Quality Assessment Indicators

Power quality is affected by multiple factors [16]. In the process of analyzing and
researching power quality, we can start from a single indicator, and then integrate from the
perspective of multiple indicators, and then establish a perfect power quality assessment
system. The metrics for assessing power quality are described below.
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(1) Voltage deviation [17]: Voltage deviation refers to the difference between the actual
voltage and the rated voltage, including those caused by the working mode of the power
supply and distribution control system or load changes.

ηu =
Ure − UN

UN
× 100% (1)

where Ure indicates the measured voltage and UN indicates the system standard voltage.
(2) Harmonic [18–20]: With the progress of science and technology, the power system

will access more and more nonlinear loads, which makes the power system inject a large
number of harmonics, resulting in problems with electrical equipment, affecting the stable
operation of the power system, but also leads to relays, and automatic protection devices
cannot act in accordance with the original settings, which leads to inaccurate measurement
results. With the increased application of power electronics in the power grid, harmonics
will be more likely to be superimposed. The superimposed harmonics will cause serious
harm to the human body.

(3) Flicker: In the power system, due to voltage fluctuation, it will cause various
electrical equipment to work abnormally. Table 1 demonstrates the prescribed limits of
voltage flicker for different voltage levels in international standards, where Pst denotes the
short-time flash value and Plt denotes the long-time flash value.

Table 1. Voltage flicker limit system voltage level under each voltage level.

System Voltage Level LV MV HV

Pst 1.0 0.9(1.0) 0.8
Plt 0.8 0.7(0.8) 0.6

(4) Voltage transient dips and voltage interruptions: Voltage transient dips and voltage
interruptions can cause short-circuit faults and even affect the normal operation of sensitive
equipment, and there is a correlation between the two. A voltage transient drop is a sudden
drop in voltage caused by a grid fault or large load access [21], and voltage interruption is
a voltage transient value infinitely close to zero.

(5) Transient pulse: A transient is a very short duration voltage surge or spike in the
shape of a sine wave. It is a non-stationary power quality event that may occur at any
time of the day due to switching activity in the distribution system. A transient caused
by lightning is called a transient pulse. It is a non-stationary event that usually occurs
during a direct lightning strike near a transmission line. The transient pulse can be modeled
numerically using an exponential function as shown in Equation (2).

VA = sin(2π f1t + θA) + u1(tm·e−ρt1) (2)

where t1 is the transient start-up time, tm is the transient amplitude, and ρ is the pulse
transient attenuation factor.

(6) Three-phase imbalance [21]: Three-phase imbalance refers to the power supply
system in which the three-phase current amplitude is not the same, and the amplitude
difference beyond the rule area. Due to the uneven load added to each phase of the power
supply, it is the base wave load configuration problems. Caused by three-phase imbalance
and user load characteristics closely related, it was also closely related to the power supply
system planning and load distribution.

2.2. Extension Theory

The extension theory [22,23] is mainly used to study the expansion laws of the charac-
teristics of things. While the theory of matter-element is mainly used to collect information
within things, extension sets undertake the task of describing and quantifying the properties
of things.
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The model is based on the concept of matter-element, which describes objective things,
characteristics, and data values as the basic unit of the matter-element model. The concept
of matter-element can be expressed as follows.

Definition 1 (One-dimensional Matter-element). If we form a triad with the objective with N, c
as physical characteristics and v as a quantity, we have,

M = (N, c, v) (3)

where (c, v) is the matter-element M-related feature element.

In order to better represent the different features, a multidimensional matter-element
approach is usually used for the analysis.

Definition 2 (Multidimensional Matter-element). If c1, c2, . . . cn are the n eigenvalues corre-
sponding to a thing N, then M is said to be a multidimensional matter-element.

M =


N c1 v1

c2 v2
...

...
cn vn

 (4)

Definition 3 (Covariate Matter-element). If the characteristic element (c, v) has a measure v
about the feature c that varies with the parameter t, then it is called a covariate matter-element.

M(t) = (n, c, v(t)), (5)

In the category of extension, the correlation function describes changes in the nature
of things. In the field of mathematics, it is generally all real numbers. Because of the rules
for taking values of the characteristic function, it takes values in the range [0, 1].

Simple correlation functions are generally used in the case of intervals degenerating
into single intervals in the following ways:

1. The positive domain is a finite interval X = <a, b>, M ∈ X,

k(x) =

{
x−a
M−a , x ≤ M
b−x
b−M , x ≥ M

, (6)

Then k(x) satisfies the following properties.
(a) k(x) attains its maximum value at x = M and k(M) = l;
(b) x ∈ X, and x ̸= a, b when k(x) > 0;
(c) x /∈ X and x ̸= a, b when k(x) < 0;
(d) x = a or x = b ⇔ k(x) = 0. The published results.

2. The positive domain is an infinite interval X = <a, +∞>, M ∈ X,

k(x) =
{ x−a

M−a , x ≤ M
M

2x−M , x ≥ M
(7)

3. The universe is an infinite interval X = <−∞, b>, M ∈ X,

k(x) =

{
M

2M−x , x ≤ M
x−b
M−b , x ≥ M

(8)

4. The universe is an infinite domain X = <−∞, +∞>, M ∈ X,
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k(x) =

{
1

1+M−x , x ≤ M
1

1−M+x , x ≥ M
(9)

3. Data-Driven Power Quality Assessment System
3.1. Power Quality Assessment Framework

Using the extension theory combined with the relevant indicators of power quality,
an improved hierarchical analysis method is used to establish a power quality evaluation
system so that the quality of power supply can be effectively guaranteed. Each evaluation
index in the system should be in line with the objective facts of power quality, and at the
same time, the computational complexity and time should be considered. Considering
the above factors, the assessment system in this study selects five main power quality
indicators and constructs a data-driven power quality assessment system based on them,
and Figure 1 shows the framework of the assessment system [24].
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3.2. Power Quality Indicator Evaluation Objective

Extension theory is a mathematical theory based on matter-element analysis, which
defines an matter-element as a set consisting of three basic elements, namely R = (N,C,V),
where N is the name of the evaluation target, C is the characteristic index, and V is the
index value. There are three kinds of matter-elements: classical domain, section domain,
and matter-element to be evaluated.

1. Classical domain. In power quality evaluation, the classical domain is the range
of values corresponding to the evaluation level of each index. Its calculation is shown in
Equation (10).

Rj =


Nj c1 < a1, b1 >

c2 < a2, b2 >
c3 < a3, b3 >
c4 < a4, b4 >
c5 < a5, b5 >

 (10)

where Nj denotes the jth power quality assessment level; <a1, b1> is the range of values of
the indexes under the jth assessment level and c1–c5 are the corresponding indexes of the
index layer in Figure 1 in order. c1 is the three-phase imbalance, c2 is the flicker, c3 is the
harmonic, c4 is the voltage deviation, and c5 is the frequency deviation.
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2. Section domain. The section domain is the concatenation of all the value ranges of
the classical domain, which generally indicates all the value ranges of the indicators in the
power quality assessment system, as shown in Equation (11).

Rp =


N c1 < d1, e1 >

c2 < d2, e2 >
c3 < d3, e3 >
c4 < d4, e4 >
c5 < d5, e5 >

 (11)

where N is the power quality impact level; <d1, e1> denotes the range of values for all
assessment levels of c1.

3. Matter-element to be evaluated. When carrying out the evaluation of power quality
factors, it is necessary to convert all the power data in the event into matter-element with
the following Equation (12).

R =


N0 c1 x1

c2 x2
c3 x3
c4 x4
c5 x5

 (12)

where N0 is the codename of the event affecting power quality to be evaluated; x1 is the
value of c1.

3.3. Assessment Process of the Power Quality Assessment System

The specific process of the power quality assessment system proposed in this paper is
as follows:

Step 1: Establish a judgment matrix U for evaluating the indicator system, substitute
the corresponding eigenvectors with its maximum characteristic root, and after normaliza-
tion, an individual weight for each indicator can be obtained.

Step 2: Consistency detection. In order to solve the problem of imperfect judgment
matrix consistency criterion in the AHP method, this paper modifies the judgment matrix
consistency criterion to solve the defects of the AHP method: that is, to find out the value
of the corresponding determinant, if its value is 0, then it means that it is with complete
consistency; if the absolute value of the determinant is less than 1, it means that it is in good
consistency. Then, for the judgment matrix consistency test, if it meets the requirements,
you can continue to pass; if it does not meet the requirements, for the input values in the
judgment matrix to adjust, re-execute the consistency check until the conditions are met. In
addition, the number of intervals instead of the number of point values can reduce the error
brought by subjective judgment. On this basis, by calculating the weight vector of each
sub-indicator, a uniform comparability and scale between the sub-indicators is realized.

a. For quantitative indicators, a method of calculating mathematical expectations is
used to calculate the degree of affiliation of the indicator. If the underlying index value is x,
ideally this factor value is f, and the minimum value of this factor is gi, if it meets the actual
demand, then its degree of affiliation R(J) is able to refer to the following Equations (13)
and (14) to normalize:

For extremely large metrics, larger xj, and correspondingly higher system performance,
there is:

R(j) =


0(

xj − gj
)
/( f j − gj)
0

xj < gj
gj < xj < f j

xj < f j

(13)
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For very small metrics, systems with smaller xj that have correspondingly higher
integrated assessment values, there is:

Rj =


0(

xj − gj
)
/( f j − gj)
1

xj > gj
gj ≥ xj ≥ f j

xj ≥ f j

(14)

b. For qualitative indicators, the confidence interval method is used to evaluate the
degree of affiliation of the indicator. Let n experts rating, given that an expert on (0, 1) of
this indicator score is x, its confidence level is a, so get n pairs of numbers (x, a), j = 1, 2,. . .,
n. Then, there will be:

Rj =

n
∑

j=1
ajxj

n
∑

j=1
aj

(15)

Step 3: System energy efficiency determination. The energy efficiency of the power
quality evaluation system is equivalent to the linear weighting of the product of the weights
of each sub-indicator and the corresponding affiliation degree. Reference can be made
to the expert system energy efficiency evaluation criteria assessment criteria to judge the
advantages and disadvantages. The specific judging criteria are shown in Table 2.

Table 2. Evaluation standards of system performance.

Point value (0, 0.6) [0.6, 0.8) [0.8, 0.9) [0.9, 1.0)

Level Poor Qualified Good Excellent

In summary, the flowchart for evaluating the system using the data-driven extension
hierarchy analysis based on improved determinant values is shown in Figure 2.
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4. Results and Discussion
4.1. Example Analysis

The main configuration of the computer platform is win10 system, Intel(R) Core(TM)
i5-9300H, RAM 8 GB. And the name of the manufacturer is Lenovo, sourced from Beijing,
China. This paper is mainly completed by using python3.9 language programming.

Regarding the data source, we have sampled ideal data and conducted random
simulations to generate experimental data. Specifically, we have extracted key parameters
from existing theoretical models and performed random sampling to generate experimental
data. Firstly, we have extracted pivotal parameters such as voltage deviation, harmonic
content, and frequency deviation from well-established theoretical models of power quality.
Subsequently, leveraging random sampling techniques, we have replicated the natural
range and distribution of these parameters in real-world scenarios. Ultimately, based on
these sampled values, we have utilized SPSS v28.0.1.1 analysis software to generate a series
of realistic and representative experimental datasets.

For the power quality system evaluation system proposed in this paper, the CR values
and their corresponding determinant values that meet the judgment conditions are given
in Table 2, Figure 3, and Figure 4, respectively. From Table 3, as well as Figures 3 and 4, it
can be seen that the determinant values of its judgment matrix are stable on the interval
(−1, 1), but the determinant values of other intervals are very different, so that the selection
of the determinant values that meet the judgment criteria and its judgment matrix can be
distinguished within the range of (−1, 1).
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Table 3. Evaluation standards of system performance.

CR |U| CR |U|

(0.3, 0.4) (−6, −5) (0.05, 0.06) (0, 1)
(0.2, 0.3) (−4, −3) (0.08, 0.09) (0, 1)
(0.1, 0.2) (−2, −1) (0.1, 0.2) (1, 2)

(0.08, 0.09) (−1, 0) (0.18, 0.19) (2, 3)
(0.01, 0.02) (0, 1) (0.2, 0.3) (3, 4)
(0.04, 0.05) (0, 1) (0.4, 0.5) (6, 7)

Assuming that the absolute value of the determinant is at (−1, 1), the matrix consis-
tency is better or worse depending on the size of the absolute value of the determinant. For
the determinant less than 1, the matrix consistency is good; the opposite is poor. If it is
greater than 1, the internal elements of the matrix need to be analyzed to detect whether the
order consistency is satisfied; if so, the criteria are acceptable; otherwise, the input values
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need to be adjusted. The results show that the method proposed in this paper is compatible
with the traditional matrix consistency determination criterion CR < 0.10.
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For the decision-making problem, in order to determine the importance of each
indicator, it can be generally categorized into three levels: the target level, the criterion
level, and the indicator level. Table 3 demonstrates the values of the extension intervals
of the criterion layer derived by two groups of experts with reference to the assessment
system constructed in this paper.

As can be seen from Table 4, the plasticity of the extension intervals obtained by
the method of this paper performs well. At this point, the computation of the matrix
eigenvectors consisting of the lower endpoints of the interval has:

X− = (0.778, 0.222)T

Table 4. Contribution of criterion layer to target layer.

Target Layer Power Quality Voltage Quality Frequency Quality

Expert I Voltage quality <1, 1> <2.5, 3.5>
Frequency quality <1/3.5, 1/2.5> <1, 1>

Expert II Voltage quality <1, 1> <3.6, 4.9>
Frequency quality <1/4.9, 1/3.6> <1, 1>

Monolayer weight — 0.635 0.365

Computing the eigenvectors of the matrix consisting of the endpoints on the inter-
val has:

X+ = (0.808, 0.192)T

From Equation (16), we get k = 0.976 < m = 1.057, so the judgment matrix is in
good agreement. 

k =

√
n
∑

j=1
(1/

n
∑

i=1
aij+)

m =

√
n
∑

j=1
(1/

n
∑

i=1
aij−)

, (16)
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From S = (S1, S2,. . ., Snk)T = <kx−, kx+>, the weights S1 = <0.759, 0.853>, S2 = <0.203,
0.217> are found; thus, there is V(S1 ≥ S2). Then we have: Pj = 1

Pi = V(Si ≥ Sj) =
2(Si

+−Sj
−)

(Sj
+−Sj

−)+(Si
+−Si

−)

, (17)

Based on Equation (17), we can get P1 = 2.64, P2 = 1.1. At this time, we have the two
evaluation indicators to the target layer of the ranking of P = (0.855, 0.456)T. Similarly, the
indicator weights of the indicator layer of the evaluation system are calculated as 0.602,
0.451, 0.224, and 0.199.

Based on Wk = (W1
k, W2

k,. . ., Wnk
k)T = PkWk−1, the synthetic ranking of indicators

of the indicator layer to the target layer can be calculated as W3 = {0.413, 0.207, 0.121,
0.156, 0.377}.

The data are used as an example to verify the evaluation method of this paper. Accord-
ing to various national standards, including GB/T 12325-2008 [25], GB/T 15945-2008 [26],
GB/T 15543-2008 [27], GB/T 12326-2008 [28], and GB/T 24337-2009 [29], detailed data are
shown in Table 5, where five grades of excellent, good, moderate, qualified, and poor are
used to indicate the grade of power quality.

Table 5. Evaluation parameters of system performance.

Metric Excellent Good Moderate Qualified Poor Measured Value

Three-phase Imbalance/% 0.50 1.00 1.50 2.00 4.00 0.367
Flicker/PH 0.70 0.80 0.90 1.00 1.30 0.963

Harmonic/% 1.00 2.00 3.50 5.00 6.00 2.267
Voltage Deviation/% 2.00 3.50 5.00 7.00 10.00 1.115
Frequency Deviation 0.05 0.10 0.15 0.20 0.50 0.144

Referring to the data in Table 5, we construct the matter-element model, and we have:

1. Classical domain matter-element

The classical domain matter-element Rj denotes the power quality matter-element of
the jth class.

R1 =


N1 c1 < 0, 0.5 >

c2 < 0, 0.7 >
c3 < 0, 1 >
c4 < 0, 2 >
c5 < 0, 0.05 >

R2 =


N2 c1 < 0.5, 1 >

c2 < 0.7, 0.8 >
c3 < 1, 2 >
c4 < 2, 3.5 >
c5 < 0.05, 0.1 >


where Ri denotes the matter-element form of the evaluation result, Ni denotes the assess-
ment interval, and c denotes the characterization of the power quality.

2. Section domain matter-element

The overall assessment interval for power quality can be expressed using Rp.

Rp =


N2 c1 < 0, 4 >

c2 < 0, 1.3 >
c3 < 0, 6 >
c4 < 0, 10 >
c5 < 0, 0.5 >


3. Matter-element to be evaluated
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R is the matter-element to be evaluated that consists of the monitoring data. Taking
the measured values in Table 5 as an example, we have:

R =

N2 c1 0.367
c2 0.953
c3


The above three matter-elements are substituted into the following equation for the

correlation value. The optimal value A is:

k(x) =
ρ(x, X0)

D(x, X0, X)
(18)

4. Calculate the correlation value

Assuming that the three-phase voltage unbalance values are distributed in the domain
of rank superiority, we have:

X0 =< a, b >=< 0, 0.5 >,
X =< c, d >=< 0, 4 >,
x = 0.367 > a

The optimal value is obtained at a, so we have ρ(x, x0, X) = x − b = −0.133, D(x, x0, X)
= ρ(x, X) − ρ(x, X0). At this time, we have:

ρ(x, X) =

∣∣∣∣x − c + d
2

∣∣∣∣− d − c
2

= −0.367

ρ(x, X0) =

∣∣∣∣x − a + b
2

∣∣∣∣− b − a
2

= −0.133

D(x, x0, X0) = ρ(x, X)− ρ(x, X0) = −0.234

k11 =
ρ(x, x0, X0)

D(x, X0, X)
= 0.568

Similarly, all the correlation values are calculated and integrated into a correlation
matrix K. Then we have:

K =


0.568 −0.266 −2.380 −1.479 −1.290
−0.438 −0.326 −0.158 0.123 −0.098
−0.359 −0.105 0.617 0.352 −0.547
3.848 −0.443 −0.618 −0.777 −0.841
−0.144 −0.234 0.132 −0.04 −0.28


A positive correlation value means that the assessment result is within a reasonable

range, and the higher it is, the closer the assessment result is to the optimal value. A
negative correlation value means that the assessment result is out of range, and the higher
the absolute value, the more it is outside this range.

The final result of the evaluation can be obtained by synthesizing the target weights
W3 and the associated value matrix K, as shown in Equation (19).

P = K ◦ W3 (19)

The P factor comprehensively evaluates the degree of association of each power quality
class, “◦” indicates the weighted summation after vector dot-multiplication. Substituting
the correlation matrix and target weights of measured data into Equation (19), and utilizing
the linear weighting result, we can get P = 0.9286. According to Table 1, we can see that the
power quality rating result of this measured data is “excellent”.
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4.2. Discussion

In this paper, the study focuses on a rated power of 16 kW and a rated voltage of
220 V. Depending on the primary impact indicators in a given voltage event, both HVDC
(high-voltage direct current) and HVAC (high-voltage alternating current) systems can
be utilized. Additionally, the same methodology is applicable to both low-voltage and
high-voltage power systems. The frequency range under investigation spans from 50 Hz to
50 ± 1 Hz.

The research in this paper aims to combine the principle of extension and the hier-
archical analysis method with improved determinant values based on the data-driven
basis, which can better evaluate the power quality data while reducing the influence of
subjective factors on the judgment matrix. In the example analysis, firstly, the CR value and
its corresponding determinant value that meet the judgment conditions are analyzed, and it
is found that this paper’s method can be compatible with the traditional matrix consistency
judgment standard CR < 0.10. And later, using the values of extension intervals of the
criterion layer given by the expert system combined with the data of electric energy in a
laboratory, and utilizing the electric energy evaluation system proposed in this paper, we
get the final evaluation index of 0.9286 and the evaluation result is “excellent” according to
the evaluation standard, which proves the effectiveness of the evaluation system proposed
in this paper.

5. Conclusions

The power quality problem is becoming more and more serious, which causes huge
economic losses, and it is necessary to assess the power quality. Therefore, this paper
proposes a data-driven power quality assessment system based on the improved determi-
nant value of the extension hierarchical analysis method, which can better carry out the
assessment of power quality, ensure the stable operation of the power system, improve
the efficiency of the utilization of electric energy, prevent equipment failures, and help to
formulate a scientific governance program.

Certainly, the power quality assessment system proposed in this paper has good
effectiveness, but there are still some shortcomings, not comprehensively considering all
the indicators affecting power quality, while not taking into account the intrinsic connection
between the indicators. Therefore, we believe that it is important to rationally utilize a
larger number of indicators and indicator-related information. For example, graph models
can be used to define the correlation between indicators through relevant knowledge and
experience, and the increase in the number of nodes representing the evaluation indicators
will not have a large impact on the complexity of the graph, which may be used to combine
for power quality assessment.

In the future work, we will further improve the proposed power quality assessment
system, and more real data will be used to test the assessment system. Furthermore, the
potential practical applications studied in this paper are mainly focused on areas such
as hospital energy management, new energy grid connection detection and substation
detection. Meanwhile, we will consider the economic cost of power quality to explore the in-
trinsic connection between power quality and economic cost, and then provide appropriate
suggestions for subsequent decision-making on power quality event management.
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