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Abstract

With the rapid development of smart grids, accurate and timely assessment
of the health status of distribution networks is crucial. This article pro-
poses a multi-indicator quantitative evaluation model based on the health
status of distributed distribution networks. The model incorporates diverse
pivotal metrics about the distribution network, encompassing voltage sta-
bility, equipment senescence, and fault occurrence frequencies. Leveraging
sophisticated data analytics techniques facilitates a quantitative appraisal
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of the network’s overall health status. To delve deeper into the efficacy of
intelligent distribution network situational awareness, this study presents a
comprehensive evaluation framework encompassing a robust index system
and evaluation methodologies. The comprehensive evaluation index system
includes five primary indicators, as well as a total of 17 secondary indicators,
to objectively quantify the effectiveness of intelligent distribution network
situational awareness. This paper uses a subjective and objective mixed
evaluation method based on the binomial coefficient and multi-objective
planning methods to weight the comprehensive evaluation index system.
The comprehensive evaluation model for the implementation effect of intel-
ligent distribution network situational awareness proposed in this article
objectively and accurately reflects the operation status of the distribution
network, eliminates the one-sidedness of a single evaluation method, effec-
tively improves the observability of the intelligent distribution network, and
realizes the analysis of weak links and potential risks in the distribution
network.

Keywords: Health index, status assessment, distribution network risk,
multi-index quantitative evaluation.

1 Introduction

The physical carrier of smart distribution network is the integration of all old
and new technologies, new and old equipment and network, and the health
level of equipment and network is an important basis and support for all
other work, and is an essential cornerstone of smart grid construction [1, 2].
Therefore, it should be the starting point of the construction of intelligent
distribution network to comprehensively and systematically grasp the health
level of the existing distribution network equipment and network, and to
realize lean and efficient management of the existing distribution network
assets. How to efficiently plan, design, operate and maintain the increasing
huge assets and equipment is not only one of the key issues to improve the
operation performance of power grid enterprises, but also is the foundation
and an essential and important part of smart grid construction [3]. Therefore,
in the power grid enterprise asset management introduced health index theory
and risk analysis technology, establish and improve the necessary assets
database, not only for power grid risk control and equipment management
strategy to provide important information, and can guarantee the overall
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reliability of power system, reduce operational costs, improve the return on
investment, solid foundation for smart grid construction [4, 5].

Since 2010, the Gas and Electricity Market Office, the UK industry
regulator, has used the health index as one of the regulatory indicators, linked
to risk management, that is, the health index to replace the equipment failure
rate and then calculate the risk, and each distribution network operator must
report the annual asset plan according to HI [6, 7]. At present, each equipment
of 10 kV and above has a corresponding health index, but the HI of high
voltage equipment is relatively accurate. The HI of distribution equipment is
basically experience and extensive, and the HI of a single equipment cannot
be linked to the maintenance plan [8, 9]. The Power Equipment Health Index,
a distribution asset management system based on status, risk and life asset
management, has been adopted and promoted by the UK power industry, and
the UK standard PAS 55 and the International Asset Management Standard
ISO55000 issued in January 2014 have also adopted the above research
results. Intelligent distribution network situational awareness is is an impor-
tant part of a new generation of distribution automation system, the quality
of the situational awareness effect determines the intelligent distribution
network development level and operational efficiency, but the distribution
network equipment diversity, polymorphic, power distribution automation
system, power distribution energy management system and so on different
areas, scene difference is bigger, the implementation of the situational aware-
ness [10, 11]. If the comprehensive evaluation of the situational awareness
can be achieved, the weak links and potential dangers of the distribution
network can be found in time, and the visibility of the distribution network
can be improved, so as to provide reference information for active intelligent
prevention and control.

In the design and research of multi index quantitative evaluation models
based on distributed distribution network health status, foreign research has
been earlier and more in-depth, especially in the fields of big data analysis
and artificial intelligence applications, showing a leading position; However,
domestic research focuses more on solving practical problems and localized
innovation. By integrating advanced theories and technologies at home and
abroad, this model has achieved international progressiveness in terms of
the comprehensiveness of evaluation indicators, the accuracy of quantitative
methods, and the efficiency of system integration, especially in terms of
adapting to complex distributed distribution network structures and real-time
data processing. This article establishes a scientific and systematic evaluation
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index system for the implementation effect of situational awareness, proposes
a comprehensive evaluation method for the implementation effect of intelli-
gent distribution network situational awareness by combining the binomial
coefficient method and multi-objective programming method for weighting,
and finally verifies the rationality of the proposed comprehensive evaluation
model for the implementation effect of intelligent distribution network situa-
tional awareness using typical regional distribution network data in a certain
city.

2 Smart Distribution Network Key Technology

2.1 Situation Awareness

Situation awareness requires distribution system analysis and control to
obtain the required data. The monitoring optimization configuration technol-
ogy is used to improve observability and PMU optimization configuration
[12, 13]. Field operation data mainly completes the collection of multiple data
to prepare for the understanding, evaluation and prediction of the situation
[14, 15]. However, the distribution network has a large scale and complex
structure, and it is not easy to achieve comprehensive data collection and
monitoring equipment coverage. Compared with the transmission network,
the distribution network is seriously insufficient [16, 17]. Therefore, for the
distribution network, how to use the limited funds to achieve the optimal mea-
surement allocation to improve the system’s observability as far as possible
to lay a solid foundation for the distribution network status estimation is par-
ticularly important [18, 19]. So the core of the distribution network situation
awareness technology is according to the different actual requirements, both
the actual operation of the distribution network, accuracy, considering state
estimation, reliability, economy, robustness and information security factors,
realize the optimal configuration of measurement and control terminal and
planning through multiple types of equipment mixed configuration, measur-
ing flexible configuration and convenient deployment, construction of strong
and effective measurement and control system. At present, some progress
has been made in optimizing distribution network measuring instruments
and measurement and control terminals, mainly reflected in the consideration
of economy, observability, reliability, state estimation accuracy, information
security, robustness of N-1 element failure, robustness and network recon-
struction. In addition, the optimization and planning problem of PMU in the
power distribution system has also attracted people’s attention.
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2.2 Situation Understanding

Situation understanding is to evaluate and analyze the steady-state operation,
economy, flexibility, survival ability, distributed power supply acceptance
capacity of distribution system, so as to obtain the knowledge contained in
the collected data [20]. Situation understanding technology mainly includes:
three-phase power flow computing technology of distribution network includ-
ing distributed power supply, three-phase state estimation technology of
distribution network including distributed power supply, analysis technology
of survivability and vulnerability of distribution system; power transmission
ability of distribution system; flexibility analysis of distribution system; big
data and cloud computing technology of intelligent distribution system.
Figure 1 presents the operation process of distribution, in which power
flow calculation and state estimation of the distribution network are the basic
tools for distribution network analysis, such as security assessment, network
reconstruction, fault handling, and reactive power optimization. Taking the
distribution network state estimation technology as an example, In addition to
the need to handle large-scale systems addition to developing solution algo-
rithms with fast computational speed and high numerical stability, We also
need to consider the following aspects of the development: more accurate sta-
tus estimation; State estimation of measurement and parameter uncertainty;
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Multi-region distributed state estimation; Estimation of global transmission
and AC and DC mixed states. The flexibility of the power system refers
to the ability to quickly and effectively allocate existing resources, quickly
respond to the power grid’s power changes and control the power grid’s
key operating parameters within a certain time scale under economic and
operational constraints. A flexible power system can not only meet the power
gap when power is insufficient but also economically dispose of the power
when power is excess. The power system causes changes in load demand
and power output for any reason to ensure adequate power supply. The trans-
mission network’s flexibility mainly aims to treat randomness and uncertain
conditions brought by load fluctuation and power station expansion factors
under the power structure of hydropower and thermal power with strong
controllability [21, 22]. The access to many intermittent power sources, such
as wind power and photovoltaic power generation in the distribution network,
forms a unique power supply structure, and the output of the power generation
side is characterized by low controllability, strong randomness and uncer-
tainty. Therefore, the intermittent power supply’s randomness and uncertainty
conditions must be carefully considered and dealt with. With the increasingly
complex power grid structure and the expansion of scale, the distribution
network system integration data increased dramatically, real-time information
processing is huge, the need to deal with huge amounts of data, a large
number of distributed powers, the rapid development of electric vehicles,
PMU device, will be intelligent distribution network big data resources pool
into more data flow. In the huge time-varying power operation data, how to
screen, sort, integrate and mine the data, obtain real-time, efficient and high-
precision power grid information, and deeply excavate its internal implicit
knowledge is an important research content.

2.3 Situation Prediction

The situation prediction is to predict the changes of various changing factors
in the distribution system, such as load, distributed power supply, EV, and
evaluate and warn the safety risk of the system. The output prediction of
distributed power supply, safety analysis and risk early warning of power dis-
tribution network [23]. In the situation prediction, it is necessary to consider
the modeling and parameter identification methods of load, distributed power
supply, electric vehicles, etc. with timely air correlation of actual control
operation characteristics, and calculate the impact of uncertainty on them.
There is a lack of actual measurement points in the distribution network, so it
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is unrealistic to monitor the load data of each node in real time. Strengthening
the load prediction of the distribution system is helpful to timely grasp the
operation situation of the distribution network, and find the abnormal power
supply and potential faults in time, so as to strengthen the management of the
distribution network and improve the level of safe and economic operation.

With the continuous increase of the grid-connected capacity of distributed
power supply, the risk of song and randomness to the dispatching operation
of power system and the impact on power quality become more and more
prominent. Accurate and rapid prediction of distributed generation power
can make the power dispatcher predict and simulate the line accurate and
rapid prediction, and can make the power dispatcher predict and simulate the
development of the future power grid operation trajectory, so as to flexibly
respond to the changes of the future power grid operation state, and ensure
the stable operation and reliable power supply of the power system.

Figure 2 shows the internal optimization of distributed power supply.
The power prediction of distributed power supply is roughly divided into
two categories: deterministic point value prediction and uncertain probability
prediction. The power generation of distributed power supply is affected
by meteorological factors. In contrast, the probabilistic prediction method
can give the value of all possible photovoltaic power generation at the next
moment and the probability of its occurrence, covering a relatively com-
prehensive prediction information, which is more valuable for arranging the

Positive
Electrolyte Tank

Current collector
Current collector

Figure 2 Internal optimization of distributed power supply.
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operation and regulation plan of the power system at a reasonable risk level.
However, both point value prediction and probability prediction, the results
are not describing the distributed power output power of spatial and space
correlation characteristics: in addition, the probability method need to know
the probability distribution information, when the probability distribution is
unknown or difficult to determine the probability distribution, probability
prediction results deviation, fuzzy method, interval method provides a new
way to deal with the challenge.

3 Application of CFD in Wind Energy Development
3.1 AHP

The core idea of the Analytic Hierarchy Process (AHP) is to decompose com-
plex problems by establishing a clear hierarchical structure. It can effectively
handle the internal connections and mutual independence between various
evaluation indicators, quantify and synthesize them, and have strong flexibil-
ity and integrity. It is the key to analyzing complex problems and establishing
an evaluation system. The construction process of the hierarchical structure
model:

(1) Objective layer establishment: Firstly, clarify the overall objective of
the evaluation, which is to comprehensively and accurately quantify the
health status of the distributed distribution network.

(2) Criterion layer construction: Based on this goal, we have identified
several key dimensions as criterion layers, such as grid structure sta-
bility, equipment performance status, and operation and maintenance
management level. These dimensions are selected based on a deep
understanding of the characteristics of distributed distribution networks,
aiming to comprehensively cover all aspects of the health status of the
power grid.

(3) Refinement of indicator layer: Under the criterion layer, further refine-
ment is carried out into specific evaluation indicators, such as voltage
stability, equipment ageing degree, failure rate, etc. Each indicator is
specifically quantified based on its upper-level criteria dimension to
ensure the comprehensiveness and accuracy of the evaluation.

(4) Sorting out the relationships between elements: When constructing the
hierarchical structure, we clearly defined the membership relationships
and mutual influences between the elements at each layer, ensuring the
logical and rational structure of the entire model.
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According to the monitoring node distribution model, predict index model
of distribution under time series, the use of statistical information analysis
method, sampling the health parameter information of HVDC distribution
equipment to sample set, suppress the dc power quality disturbance process-
ing, using the time window function TW to increase the time interval of
distribution equipment, to reduce the monitoring interference, assuming dc
micro power grid quality paste evaluation set for (F, Q), using multi-beam
constraint control method, voltage imbalance characteristic analysis, get the
energy consumption of power distribution equipment such as formula (1) as
shown [24, 25].

Eiota = (al + anTILO) + (/8 + a1+ a2d30) (1)

Taking the voltage fluctuation and flicker of the distribution network,
voltage temporary drop and voltage imbalance coefficient as the constraint
parameters, the constraint parameter model of the health index of the distri-
bution equipment is constructed, and the correlation dimension eigenvalue
function of the distribution equipment health index is shown in formula (2).

1 x(7) 1
t)y=—P | —=dr =z(t)— 2
o(t) =P [ S dr —afe) @

In Equation (2), P is the main frequency characteristic of the DC energy
mass distribution, and the transmission scheduling set is constructed, which
meets the conditions of Equation (3):

SiNSj=¢ 3)

Through the above constraints, the dc power distribution network D,
calculate distribution equipment in D distribution space, compare the ac
power quality index system, build the distribution equipment health index and
downward distribution equipment, distribution model, distribution equipment
health index sequence distribution certainty function as shown in formula (4).

€
> pk=1k=1,2..n 4)
=1

Where k is the regional function of the information distribution of health
index of power distribution [26]. Assuming that the input power distribution
equipment health index time series is u(n), according to the application
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scenario or voltage level ", the input and output relationship of the power
distribution equipment health index is shown in formula (5).
p m
z(n) + Z a;x(n —k) = Z byu(n —r) 5)
k=1 r=0
According to the correlation between different indicators, the internal
characteristics are extracted, and the stability is adjusted according to input

current and voltage fluctuation of the distribution equipment. The fuzzy
function is shown in formula (6).

. X(Z) . Z?; bz‘Z—i
H(z) = U(z) 1+ Ziozl apz—k

(6)

3.2 Analysis of Fish Bone Map

It is used to organize the characteristics of the problem and the affected
factors, which is an analysis method to see the essence through the phe-
nomenon [27]. This paper adopts the countermeasure type fish bone map,
which subdivides a certain problem or phenomenon into several aspects to
find the cause, and lists a number of countermeasures that may be needed to
improve a certain situation or achieve a certain goal.

Figure 3 presents the internal circuit of the distribution equipment,
according to the modulation of the distribution equipment output DC har-
monic distributed harmonic, the distributed prediction of the distribution
equipment health index, the envelope characteristics series information flow
is shown in formula (7).

a(t) = V/x*(t) + y*(t) ()

In this paper, the model of distribution equipment health index based on
load balancing scheduling and maximum likelihood estimation adopts the
load balancing scheduling method to analyze and evaluate the equipment.
In the case of voltage waveform distortion, the correlation dimension of
distribution is obtained as shown in formula (8).

S, = ——|X Te(f — —— 8

c/alh) = G XDIP + ; sine(nlp(f = 7)) ®
=100
The maximum likelihood estimation model is established, using the cor-

relation dimension feature extraction method, and the distribution equipment
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Figure 3 Internal circuit of power distribution equipment.

health index distribution state equation is shown in Equation (9).

\@ i /aTB
(

Ji(t) 9
n—1)Tp

The maximum likelihood estimation model of the distribution of health
equipment is established, and combined with the method of piecewise linear
fitting estimation, the least squares fitting function of the distribution of health

index is shown in Equation (10).
2(t) = x(t) + iy(t) = a(t)e?® (10)

According to the correlation between DC energy quality indicators, the
output AC component predicted by the health index of distribution equipment
is shown in formula (11).

Wy(da(t)) = U + (ho — da(t))L(Z2 + Z3) ' LT (11)
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According to the characteristics of disturbance fluctuation, the health
index time series of power distribution equipment is reconstructed in two
dimensions. Using the method of voltage imbalance assessment, the fuzzy
constraint vector of health index prediction assessment of power distribution
equipment is shown in formula (12).

F(x) = Z eqTeq (12)

q=1

Efficiency of health index prediction: Device health index expression is
shown in formula (13).

hi(t) = pijhi(t) (13)
j=1

3.3 Fuzzy Comprehensive Evaluation

Fuzzy comprehensive evaluation is a kind of analysis method based on
quant various fuzzy information in analysis and evaluation [28]. It uses the
membership degree to describe the intermediate degree of the difference,
and can reasonably quantify the qualitative indicators, so that the uncertainty
of the original data in the comprehensive evaluation and the ambiguity of
the evaluation criteria are better solved. When determining the evaluation
criteria of indicators, the membership evaluation function is divided into three
categories: benefit, cost and moderate.

Figure 4 for the power distribution network overall architecture, this
paper by combing and analyzing the existing distribution network operation
level and power supply capacity of related indicators, take fish bone diagram
analysis method and Delphi method screening index, Delphi method can fully
comprehensive expert guidance, and through the hierarchical analysis index
system hierarchy structure [29, 30]. For an individual index, the total volume
index and the relative type index are mainly used. Total indicators reflect
the scale or level of the power grid in a certain time scale, in quantitative
indicators and relative indicators. The total index reflects the scale or level
of the power grid in a certain time scale, such as the variable capacitor
load ratio. The relative index represents a quantitative contrast relationship,
generally expressed in percentage, and can abstract the difference of the
absolute numbers in the characteristics of the power grid, such as the transfer
ratio of the overloaded medium voltage line.
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4 Experimental Results and Analysis

This study selected a distributed distribution network in a certain city for
research, which includes multiple voltage levels and different types of power
equipment such as transformers, switchgear, and lines. In practical oper-
ation, it was found that there were many problems with the distribution
network. Therefore, this study designed a multi-index quantitative evaluation
model based on distributed distribution network health status to optimize the
distribution network.

Conduct data cleaning, outlier handling, and missing value-filling strate-
gies for collection and processing. Firstly, clarify the scope and sources of
data collection, including real-time operational data of the distribution net-
work, equipment status monitoring data, historical fault records, and external
environmental data (weather, temperature, etc.).

First, clean, denoise, and standardize the collected over 10000 real-time
data to ensure that the quality meets the evaluation requirements. The steps
include data format standardization and converting all data into a unified
format and unit for subsequent processing and analysis. Duplicate data dele-
tion: By comparing key fields such as timestamps and identifiers of the data,
duplicate data records are deleted. Invalid data removal: Identify and remove
data that is illogical or beyond a reasonable range, such as voltage values
exceeding the rated voltage range of the equipment.

The presence of outliers can seriously affect the evaluation results of the
model. We have employed various strategies to handle outliers, including
statistical methods that utilize statistical principles such as mean, median,
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standard deviation, etc., to identify outliers and remove or correct them.
Model-based detection: Machine learning algorithms such as clustering and
outlier detection automatically identify and process outliers.

The presence of missing values can also affect the accuracy of the model.
We have adopted the following strategy to fill in missing values: direct
deletion: For data records with many missing values, if the deletion does
not affect the integrity of the overall data, they will be deleted directly.
Mean/Median/Mode imputation: Select the mean, median, or mode as the
imputation values for missing values based on the data distribution. Inter-
polation method: Use interpolation methods in time series analysis, such
as linear interpolation, polynomial interpolation, etc., to estimate missing
values. Model prediction: Use machine learning models to predict and fill
in missing values.

4.1 Applied Analysis

In order to realize the grid assets lean, the whole process, comprehensive
management, currently in the field of power grid has made gratifying achieve-
ments. In the field of distribution, though, after city network transformation
in recent years, the new urbanization distribution network and rural network
construction, has made gratifying achievements, but because the distribution
network foundation is weak, combined with the rapid development of dis-
tributed renewable energy, energy storage and growing load, such as electric
vehicles, heat pump direct access, lead to distribution network structure is
complex, the traditional technology and management mode is no longer
to adapt to the development of the new situation. Compared with foreign
developed countries, China has a large gap in distribution network structure,
standardized construction, distribution automation and intelligence level;
compared with transmission network, large distribution equipment, complex
varieties, low manufacturing threshold and numerous manufacturers, insuf-
ficient basic data accumulation, low information and lean management, and
low automation. Therefore, the distribution network is relatively backward
in terms of basic theoretical research, new technology application and asset
management, and in terms of technical quality of personnel. The main
bottlenecks are manifested in:

The historical data of the distribution network is incomplete, the data
accumulation and mining are insufficient, and the information means are dif-
ficult to fully support the scientific decision-making. The equipment ledger,
operation and maintenance, pre-test, online monitoring and management data
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Figure 5 Health status analysis of power distribution network.

of power distribution assets are incomplete and have a short history, so there is
a lack of underlying data accumulation and data mining. Most asset manage-
ment systems are decentralized development, which are not closely combined
with business. Information resource sharing between different departments
and different business processes is insufficient, which is difficult to fully and
effectively support the scientific decision-making of the assets of power grid
companies.

For voltage stability indicators, after integrating distributed power sources
(such as solar energy, wind energy, etc.), due to the uncertainty and inter-
mittency of power generation, corresponding quantitative evaluation methods
should be designed to accurately reflect the actual situation of voltage stabil-
ity in the power grid. In the assessment of equipment ageing, the wear and
performance degradation of conventional equipment, as well as the ageing
characteristics of distributed power generation-related equipment (such as
inverters, energy storage devices, etc.) and their potential impact on the
overall health status of the power grid, are considered. An adaptive evaluation
index for topology structure is added to address the unique network topology
changes in distributed distribution networks. By analyzing the performance
changes of the power grid under different distributed power access points
and network reconstruction schemes, the flexibility and stability of the
distribution network in responding to topology changes are evaluated.
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Through optimization measures in data collection and processing, the
experiment found that the completeness and accuracy of the data were sig-
nificantly improved, which in turn had a positive impact on the accuracy of
the model. Data cleaning and outlier handling reduce noise and interference
in the data, enabling the model to more accurately capture the true charac-
teristics of the health status of the distribution network. The effective filling
of missing values avoids evaluation bias caused by data loss and improves
the stability and reliability of the model. The optimized data collection and
processing process provides higher-quality data support for model training
and evaluation, making the evaluation results more accurate and reliable.

Figure 5 is analysis of health status of power distribution network. In
terms of health status evaluation, it is limited to equipment, and the research
on network health status is almost blank. Due to the large amount of power
distribution equipment and relatively low individual cost, the equipment
monitoring and evaluation, condition maintenance standards and decision
methods adopted by the transmission network are not applicable to the
distribution network; the equipment evaluation and condition maintenance
standards of the distribution network lack theoretical guidance, the evaluation
standards are not unified with defects, the deduction components cannot
correspond one to one, without considering historical data, the hidden defects
cannot be found, the evaluation results cannot truly reflect the actual sit-
uation, and the evaluation and maintenance cannot be closely combined.
Key business nodes lack scientific and quantitative decision-making meth-
ods. Distribution network planning, engineering design, maintenance strategy
optimization, technical transformation scheme optimization, equipment key
links such as retirement, lack of comprehensive consideration of economy,
security, environmental protection, etc., lack of asset life process of quantita-
tive decision method, not for intelligent distribution network and renewable
energy access to provide effective technical support.

A comprehensive economic evaluation of implementing a multi-index
quantitative evaluation model based on the health status of distributed distri-
bution networks shows that although the initial investment involves costs such
as software development and data collection equipment deployment, its long-
term benefits are significant. The model can significantly reduce failure rates,
improve power supply reliability, and effectively reduce operation and main-
tenance costs, bringing considerable economic returns to distribution network
operators and providing strong economic support for decision-makers.

In order to ensure the stable and reliable operation of the model in
practical applications, especially when facing extreme operating conditions,
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Figure 6 Evaluation the effect of smart distribution network.

it is necessary to conduct experimental verification. This study includes
more diverse test cases in the validation phase, which should cover extreme
operating conditions, such as sudden high current surges, long-term over-
load operation, performance under extreme temperature environments, etc.
By using these diverse test cases, we can comprehensively evaluate the
robustness and adaptability of the model, ensuring that it can maintain effi-
cient and accurate evaluation capabilities in various complex and changing
operating environments.

Figure 6 shows evaluation of the situational awareness effect of smart
distribution network and the problems faced by the comprehensive evalu-
ation of the realization effect of smart distribution network. As the global
focus on smart distribution network rises, assessing its situational awareness
across various scenarios poses significant research challenges. The influx
of intermittent power sources in the smart distribution network creates a
unique power structure, enhancing flexibility but also introducing random-
ness and uncertainty, hindering situational awareness. With the advent of
the information age, the introduction of new devices and rising demands
for power quality and reliability have expanded the scope and complex-
ity of data to be analyzed, increasing the data processing burden. Current
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evaluation systems for distribution network performance are incomplete and
lack a comprehensive perspective. At present, the research focuses on the
specific performance of the distribution network or the relationship between
the distribution network and state assessment, such as reliability, security,
or operation status and dispatching control; The comprehensive evaluation
model established is subject to the differences in regional economic level and
planning, with poor compatibility. The relevant comprehensive evaluation
methods are insufficient, and the single evaluation method has limitations.
The phenomenon of single using subjective or objective evaluation methods
in the field of distribution network situational perception is still relatively
common, and most of the evaluation methods use entropy weight method or
hierarchical analysis method, which will inevitably lead to one-sidedness of
the comprehensive evaluation results.

When the model is applied in practice, it is found that the detailed
evaluation results output by the model can directly reflect the weak links
and potential risks in the health status of the distribution network, providing
important operation and maintenance guidance for distribution network oper-
ators, as well as valuable data support for policymakers and standard-setting
institutions. Through integration and feedback mechanisms, the evaluation
results of the model can directly promote policy formulation and standard
improvement. Policymakers can develop more targeted and forward-looking
policies based on model evaluation results. Standard-setting organizations
can use model evaluation results to revise and improve relevant standards,
ensuring that the design and operation of distribution networks can meet
higher standards and requirements.

4.2 Risk Index Analysis of Active Power Distribution Network

In the traditional active distribution network, the trend is by the superior
grid one-way to active distribution network, at present, as more and more
distributed power access active distribution network, due to the given capac-
ity is limited, active distribution network will appear in the power supply
phenomenon, the active distribution network excess electricity will reverse
into the voltage level higher power grid, which will lead to active distribution
network trend, the equipment will bear the impact of active distribution
network two-way tide, threatening the safe and stable operation of active
distribution network. To minimize the impact of two-way power flow, we’ve
chosen the supply-storage ratio and consumption ratio indices of the active
distribution network to assess its absorption capacity for distributed energy.
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The supply-storage ratio indicates the network’s ability to absorb distributed
energy, aiding risk assessment. The consumption ratio reflects the utilization
rate of distributed energy, highlighting the network’s compatibility.

Power quality assessment in active distribution networks and distributed
energy is crucial, encompassing three key aspects: grid node voltage, grid-
connected node current, and frequency. Distributed energy injection of active
and reactive power can raise or lower grid node voltage, exceeding safe
operational ranges. During maintenance or failures, distributed energy can
power outage lines and surrounding loads, creating island effects that damage
equipment. When connections are restored, phase mismatch can generate
harmful impact currents. Large-scale distributed energy grid connection can
affect frequency stability due to the randomness and volatility of the active
distribution network.

The multi-index quantitative evaluation model based on the health sta-
tus of distributed distribution networks has shown significant advantages
compared to other multi-index comprehensive evaluation methods. This
model ensures high accuracy and real-time performance of evaluation results
through deep fusion and quantitative analysis of real-time data and can timely
reflect subtle changes in the health status of the distribution network.

4.3 Example Analysis

The IEEE-RBTS BUSG6 case study validates our proposed algorithm, involv-
ing a distribution network with 82 primary equipment and 40 load points.
IEEE raw data covers network topology, active power demands, and equip-
ment repair times. Health values for equipment are based on power grid
company norms. Unit power losses are categorized by load type, ranging
from 0.57 to 0.79 yuan per kWh. We calculated real-time failure rates and
employed the minimum path method to assess failure rates and durations for
each load point, considering network topology, repair durations, and power
demands. Power losses due to load losses were estimated, considering load
point significance. Overall network risk was quantified, encompassing failure
rates, durations, and power losses across all load points.

Figure 7 is an example analysis of intelligent distribution network ele-
ments. For the transformer with 33 kV to 11 kV voltage level in IEEE-RBTS
BUSG6 system, the traditional analysis of the equipment failure only causes
loss of the equipment itself, will not cause the network to lose load, the
resulting problem of weak grid structure is not considered or considered
through qualitative way, lack of risk calculation method. Hillside terrain
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Figure 7 Example analysis of smart distribution network elements.

to platform area and foundation stability to meet the requirements, usually
increase the machine platform dig depth, this section in the same high slope,
the machine platform dig height simulation calculation, excavation depth
change, essentially changed the distance between the tip and slope, under
the tip under the slope height, flow will be blocked by the slope.

The wind speed of the lower blade tip on the disk is the most sensitive to
the height of the slope. With the increase of the excavation depth, the lower
blade tip is closer to the high edge slope, or even buried below the slope,
and the wind speed decreases seriously. The positive value indicates that
the lower blade tip is under the slope, and the wind speed of the height of
the hub and the upper blade tip gradually flattening with the increase of the
excavation depth. The wind shear value of the lower blade tip corresponding
to the height. This analysis is the condition of the front slope. If the wind
comes from the back slope, the platform is more sensitive to the excavation
depth, and the shielding of the lower blade tip will extremely deteriorate the
wind condition of the lower disk surface of the unit.

5 Conclusion

After in-depth research and empirical analysis, the multi-index quantitative
evaluation model based on the health status of the distributed distribution
network proposed in this paper has shown significant application value and
practical significance. The following are the main conclusions of this paper.
By selecting and comprehensively considering 10 key indicators, voltage
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stability, equipment aging degree, failure incidence, etc., the model success-
fully realizes a comprehensive analysis of the health status of the distribution
network. Compared with the traditional single index evaluation method, the
accuracy and comprehensiveness of the evaluation are improved. During
the study, over 10,000 real-time data were collected for the validation and
optimization of the model. The actual test shows that the evaluation accuracy
of the model is as high as 95%, which provides powerful decision support
for the operation and management of the distribution network. This study
also aims at the characteristics and challenges of the distributed distribution
network, and proposes solutions to the problems such as incomplete data
collection and difficult to determine the weight of evaluation indicators.
By optimizing the data collection and processing process, the integrity and
accuracy of the data are improved. At the same time, the hierarchical analysis
method and fuzzy comprehensive evaluation method scientifically determine
the weight of each index, which ensures the objectivity and accuracy of
the evaluation results to improve the health status of distributed distribution
network and ensure the safe and stable operation of the power system. In
the future, we will continue to conduct in-depth research on the application
and optimization of multi-index quantitative evaluation methods and promote
the improvement of distribution network operation and management level.
By implementing strategies such as modular design, configurable parameters,
and open interfaces, we ensure that the model can maintain its long-term
effectiveness and scalability to meet future power grid development’s diverse
and complex needs.
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