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Abstract

A data mining based power grid user behavior analysis system has been
designed to address the issues of insufficient stability and accuracy in existing
power grid user behavior analysis systems. Design the overall structure of
the power grid user behavior analysis system; In terms of system hardware
design, select a core controller, build and install a server as the foundation
for system information transmission and logical operation; Based on ZigBee
wireless communication technology, a ZigBee wireless communication pro-
tocol stack and communication expansion board were designed; In terms of
system software design, Python is used to crawl user behavior data in the
system data collection layer, and Python language is used to maintain the
crawling program; Use the K-means algorithm to perform secondary mining
and clustering on power grid user behavior data, obtain the analysis results
of power grid user behavior, and transmit them to the system visualization
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display layer. The weight and Rand coefficient of data analysis were used as
indicators to test the application effect of the method in this paper. The exper-
imental results showed that the system can stably and accurately analyze the
behavior of power grid users, and has good application effect. This research
achievement has important reference significance for the research in the field
of power grid user behavior analysis in the world scientific community.

Keywords: Data mining, grid user behavior, analysis system, ZigBee,
K-means algorithm.

1 Introduction

In order to improve their economic benefits, electric power enterprises have
gradually focused on the behavior of power grid users [1-3], and through
the behavior of power grid users to develop targeted power product mar-
keting plans [4-6]. In recent years, electric power enterprises have used
information technology to optimize production management, energy man-
agement and customer service. In the daily work inside the enterprise [7],
power enterprises generally apply the planning management system, user
management system and load management system. When the user logs in
to the above system to interact with the electric power enterprise, the user
behavior [8] data is recorded in the database, and the user behavior data
in the database increases exponentially with time. However, when electric
power enterprises [9] search and modify user information in the data, they
can only extract simple information from the big data of power grid users, and
cannot obtain the association relationship between the data of power grid user
behavior. The above situation has led to data explosion in power enterprises,
but knowledge is poor.

In the case of data resource informatization, how to fully develop grid
user data and analyze grid user behavior according to the internal relationship
of data has become an urgent problem for power enterprises. At present,
many scholars have designed relevant systems for obtaining the behavior
data of power grid users, such as Kaur R et al. [10] studied the electricity
consumption behavior of power users based on data-driven analysis. Based
on unsupervised learning schemes, users are divided into different clusters, so
that users in the same cluster have similar consumption patterns, manifested
as similar daily life and peak demand periods. Time series data mining
based on meaningful statistics and behavioral features analyzes data and
analyzes these behavioral features. This method only conducted user behavior
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data mining once, and the mining results were not accurate enough. The
analysis results of power grid user behavior were not ideal enough. Yin
L et al. [11] quickly and accurately identified and analyzed the behavior
of a large number of power users based on the GoogleResNet3 network
module. Design the GoogleResNet3 network module, which includes a
fully connected layer, Inception module, and residual module. Through the
operation of different modules, complete user data mining and achieve power
user behavior analysis. However, this system collects insufficient amount of
user behavior data, and the basic data cannot fully reflect the user behavior,
which ultimately affects the effect of user analysis. Baker, M [12] designed
the power grid household power analysis system, which combines K-means
clustering, K-nearest neighbor classification and ARIMA algorithm in data
mining technology to analyze user behavior based on the behavior data of
power grid users with prepaid meters, effectively integrating the electricity
consumption behavior data of power grid users, improving the analysis
efficiency of electricity consumption behavior data. However, in the appli-
cation process, the system did not preprocess the data of power grid user
behavior, which led to the inaccuracy of the final analysis of power grid user
behavior. Qi, Z, et al. [13] designed an integrated clustering analysis system
for users’ electricity consumption behavior. The system first used principal
component analysis (PCA) to reduce the dimensions of data by examining the
complexity, randomness and uncertainty of users’ electricity consumption.
Then, a single clustering method is used, and most of them are selected
for comprehensive clustering to obtain the classification of users’ electric-
ity consumption behavior and realize the analysis of grid users’ behavior,
effectively avoiding the impact of the complexity and uncertainty of user
electricity behavior data on the analysis results, and effectively improving
the analysis efficiency. However, the system can not obtain comprehensive
data of power grid user behavior in the application process, so the analysis
accuracy is insufficient. Hoendervanger, J and others [14], based on the
power grid user behavior data, preprocessed the data into different groups and
analyze the data according to the similarity of user electricity behavior data,
effectively aggregate the characteristics of electricity consumption behavior
data, improve the comprehensiveness of data analysis, however, in the pro-
cess of clustering the electricity consumption behavior data, the selection
parameters are influenced by the subjectivity, which leads to the poor analysis
accuracy of this system.

Data mining [15] is a word that appears more frequently in different fields
in recent years. It refers to the process of obtaining implicit information
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from massive big data through statistics, machine learning, online analysis
and other algorithms. Data mining technology [16] is widely used in various
fields. It can help users process massive data and provide powerful data
support for enterprise decision-making, business planning, etc. In order to
solve the existing research methods of electric power user behavior analysis
result is not ideal, based on data mining technology, this paper designs a
grid user behavior analysis system based on data mining, innovatively using
Python to crawl user behavior data, accurately obtaining sufficient and com-
prehensive grid user behavior information from the database, and performing
information preprocessing, laying a solid data foundation for accurately
analyzing grid user behavior. Using Fromto to filter the data categories of
grid user behavior, conducting initial clustering, and using K-means cluster-
ing algorithm to perform secondary clustering on grid user behavior data,
avoiding the influence of subjective factors on parameter selection, thereby
improving the accuracy of mining results. The experimental results prove
that the contribution of this method is to effectively obtain the electricity
consumption behavior of different types of power user groups, ensure that
the power companies further provide differentiated services, and provide
accurate user behavior analysis data for the marketing planning of power
enterprises.

2 Design of Power Grid User Behavior Analysis System
2.1 Overall Structure of the System

According to the idea of “layering”, the overall structure of the power grid
user behavior analysis system is designed, as shown in Figure 1.

As shown in Figure 1, the power grid user behavior analysis system
consists of big data acquisition layer, data storage layer, ZigBee communi-
cation layer, logical operation layer and visual display layer. Among them,
the big data acquisition layer uses Python to crawl the power enterprise
model management, monitoring management, quality management, service
management and other grid user behavior data, and then obtains the grid
user behavior data with real-time characteristics and stores it in the SQL
database. Then, after accessing the grid user behavior data in the SQL
database, the parsed and encapsulated grid user behavior data is transmitted
to the logic operation layer through the server, gateway, data interface and
sending module in the ZigBee communication layer; This layer uses the
power grid user behavior analysis method of K-means data mining algorithm
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to obtain the power grid user behavior analysis results, and then transmits
them to the visual display layer. The visual display layer uses PC and mobile
terminals to present the power grid user behavior analysis results and achieve
human-computer interaction.

2.2 System Hardware Design

2.2.1 Selection of core controller

The core controller [17] of the power grid user behavior analysis system is
the main hardware of the system. The pentium processor is selected here as
the core controller of the power grid user behavior analysis system, and the
structure of the core controller is shown in Figure 2.

As shown in Figure 2, the Pentium processor uses register components
to complete numerical logic operations such as addition, division, multi-
plication, etc. It is connected to the integer register component through the
controller component. The control ROM is used to store and register the data
of the system, and the control unit is used to connect with other modules, and
the DP logic, bus unit and APIC module are connected through the 8KB code
high-speed register [18], integer register, etc., so as to realize the transmission
and control of the data of the power grid user behavior analysis system.
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Figure 1 Overall structure of the power grid user behavior analysis system.
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Figure 2 Schematic diagram of pentium processor structure.

2.2.2 Server erection

The erection of the server of the power grid user behavior analysis system
is the basis of system information transmission and logical operation [19].
The structure of the server of the power grid user behavior analysis system is
shown in Figure 3.

As shown in Figure 3, the server of the power grid user behavior analysis
system is composed of acquisition thread, compression coding thread, send-
ing/receiving thread and decoding display thread. The acquisition thread is
responsible for receiving the power grid user behavior data, compressing and
coding the data with the compression coding thread, and transmitting it to the
sending thread [20]; The sending thread uses RDT protocol to package the
power grid user behavior data, store it in the sending cache management, and
then send the data package to ZigBee wireless sensor network. The ZigBee
wireless communication technology is used to decode the user behavior data
packet of the power grid according to the RDT protocol, display the data, and
realize the data flow transmission between the entire system.

2.2.3 ZigBee wireless communication function design
The communication expansion board is designed based on ZigBee wireless
communication technology to realize communication transmission between
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Figure 3 System server installation structure.

Table 1 ZigBee wireless communication technical parameters

Name Parameter
Networking method ZigBee Gateway
Communication frequency band 2.4 GHz
Transfer rate 100 Kbps
Communication distance 10-75 m
Safety Strong
Consumption Lower

different modules of the system. ZigBee wireless communication technical
parameters are shown in Table 1.

Based on IEEE802.15.4 wireless personal LAN protocol, ZigBee wireless
communication protocol stack structure is designed, as shown in Figure 4.

It can be seen from Figure 4 that the application layer consists of
endpoints, APS security management, ZigBee device [21-23] objects and
application objects, which respectively provide the application layer with
advanced protocol stack management, device object interface and manage-
ment service access point functions. The network layer uses the security
mechanism to transmit data frame information, and can establish, maintain
and close the current network at the same time. In the network layer, the
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Figure 4 Schematic diagram of ZigBee wireless communication protocol stack structure.

Mac layer

i

data frame of the layer is composed of the frame header and the payload,
and the frame control information, destination, etc. are stored in the data
frame header. The network layer is connected to the MAC layer through
interfaces MCPS-ASP and MLME-SAP, and is responsible for end-to-end
communication transmission and network initialization. In the MAC layer of
the protocol stack, it includes media access control and data links. Its main
function is to establish communication links [24], and support the interruption
and connection of individual LAN links. MAC layer establishes network
transmission security mechanism by sending beacon or monitoring beacon.
The physical layer of ZigBee wireless communication protocol stack [25]
is responsible for receiving and transmitting electromagnetic waves, chan-
nel selection, and energy and signal interception. It provides 2.4 GHz and
868/915 MHz frequency band communication services for the entire network.

Design the overall structure of the peripheral power system operation of
the communication expansion board, as shown in Figure 5.

In Figure 5, a small number of electronic components are installed in the
peripheral circuit of ZigBee communication expansion board. The electronic
components are led out of the input/output ports of the control chip, and the
peripheral circuit is led out through each port [26] and connected with the
ground wire to ensure the normal operation of the circuit. After completing
the ground connection, it is necessary to set a circuit for generating a stable
clock signal inside the peripheral circuit, and synchronously adjust the initial
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Figure 5 Schematic diagram of peripheral circuit structure of ZigBee communication
expansion board.

parameters of the circuit with an oscillator. For external links [27], the
oscillator is used to adjust the link parameters at the 32 MHz fixed frequency.
The expansion board applies a reset circuit in the form of double reset. The
circuit involves resistance, capacitance, reset switch and other components,
which can convert high and low level status signals and protect the entire
peripheral circuit. ZigBee communication receiving thread connects to the
wireless sensor network, receives the power grid user behavior data packet
from the network, and then caches the data packet; After unpacking the power
grid user behavior data packet according to the RDT protocol [28], it is sent to
the decoding display thread, which decodes the power grid user behavior data
packet, displays the data, and realizes the data flow transmission between the
entire system.

2.3 System Software Design

2.3.1 Crawling user behavior data based on Python

Based on the core controller and server configuration of the system, the big
data collection layer of the system uses Python language to crawl user behav-
ior data in the power grid, and maintains it through a crawling framework
and crawling program to effectively crawl user behavior data resources in the
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power grid. The crawling of power grid websites is based on user behavior
classification, website crawling resources, and domain name positioning. It
confirms the domain name of the crawled user behavior information, ana-
lyzes the correlation between user behavior information crawled by webpage
themes, and determines the available user behavior information according
to the set threshold setting. Then, the data crawling collection results are
received by the ZigBee communication receiving thread in the hardware
to receive power grid user behavior data packets, and the data packets are
cached.

(1) Climbing frame process

The big data acquisition layer of the system crawls the grid user behavior data
through Python, which is described in Figure 6.

From the analysis of Figure 6, it can be seen that the process of crawling
the user behavior data of the power grid is as follows:

(D Retrieve the valuable seed URL;

@ Put the URL retrieved by the process (1) into the URL queue to be
captured;

(@ Get the URL to be crawled from the URL queue to be crawled, download
its corresponding power grid web page, feed back the information of the
web page to the data analysis module, and add these URLs again in the
URL queue;

® The data analysis module analyzes the grid user behavior data obtained
from the download module, obtains valuable data from these data
through regular expression, and cleans the data through the data cleaning
module, while parsing other URL modules;
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(® After step @ is completed, feedback the module data to the scheduling
module, take the feedback data as the priority queue, and analyze the
data in combination with the captured URL queue. If the data parsing
module in the scheduling module feeds back the URL data to the URL
scheduling module, compare and analyze the obtained URL data and the
captured URL queue. If it is found that these data are URLs that have
been included and indexed by the search engine, filter out these data
[29, 30], otherwise, integrate these data into the URL queue;

(6 Repeat the execution process (3) to (5). When all URLSs in the queue
of URLs to be captured are captured, the crawling of user behavior
information is terminated;

(D Clean up the data and store the data in standard format into the database;

Get the crawling results of grid user behavior information from the
database, and these results are presented in text, pictures or other forms
to accurately analyze the grid user behavior.

(2) Python based crawler maintenance

(D Collect abnormal data of crawling program

The object of crawler detection and maintenance is abnormal data in the
process of crawling. If a string of complete grid user behavior informa-
tion characters are crawled, and n represent the number of characters in
the complete information, then use the Python language to carry out the
forward maximum matching, and get the character results of user behavior
information according to the crawling arrangement results ng indicates the
number of characters in the arrangement result [31, 32]. Take these characters
as a character and compare them with the grid user behavior information
crawled by the crawler program. If they match, the crawler program is stable;
otherwise, the crawler program has abnormal data. Formula (1) indicates the
domain name location where the crawler crawls user behavior information p:

T
p=Y_ nir (1)

n>0

Among them, n represents the number of crawling times of the crawler,
T as well as \ represents the update time of power grid information and user
behavior information crawling task queue respectively.

Based on the crawling sequence of the crawling program, the webpage
can be crawled by matching the crawler technology with formula (1). If the
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domain name location matches the crawl target, the next domain name will
be matched; If there is no match, the abnormal data will be obtained and the
power grid web page will be compiled in Python. Continuously cycle this
process to complete the matching of all power grid web pages.

@ Crawl program maintenance

When maintaining the crawler, it is necessary to build a maintenance objec-
tive function and bring the obtained exception data into the objective function.
For the power grid website (URL), the user behavior classification is taken
as the standard, and the website crawling resources and domain names are
located p as a basis, confirm the domain name of the crawled user behavior
information, so as to analyze the correlation between the user behavior
information crawled by the web page subject. Set the relevance threshold
to 1, o and p represents machine learning and user behavior effectiveness
parameters respectively [33—-35], X represents random data in the crawler,
s represents the crawling program model, and the correlation degree is
analyzed by formula (2):

Px(slo) = N — (2)

s(1ol Z1)

Where, c represents the probability of change in X in a random state;
Z represents data validity parameters; P represent the domain name of
the power grid user behavior resource, and the domain name is included in
the crawl page. Px (s|o) represents the correlation degree between X and the
crawled user behavior information, when Px (s|o)1, it means the data crawled
by the crawler is abnormal, use X’ to represents the abnormal data.

Get all abnormal data X', then, based on the power grid user behavior
information website domain name identification results, positioning X"

Fxy =L (;) X 3)

Among them, R represent the data target of positioning; 6 represent the
spatial dimension of user behavior information in the power grid; L as well
as L' respectively represent the length of the exception data field and the
corresponding user behavior resource field.

Realize the abnormal data location target through formula (3), clear,
maintain the crawling program, and obtain complete and accurate data on
power consumption behavior of power grid users X, and data mining.
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2.3.2 Analysis of power consumption behavior of power grid
users based on data mining

At the logical operation layer of the power grid user behavior analysis system,
based on the core controller and server hardware, the self-organizing center
K-means algorithm in big data mining algorithms is used to classify the power
grid user behavior data received by the ZigBee communication receiving
thread, and to mine the results of power grid user behavior analysis. The
process of mining power grid user behavior analysis results by this algorithm
is as follows:

Step 1: Initialize the initial weight of the self-organizing neural network.
Select j Input nodes as the reference nodes, set WW; as the weight vector of
the node, and then set the initial cycle times.

Step 2: From X to filter the data category of grid user behavior in X, and
initial clustering was performed, where K = 1,2, ..., m is the data category
of grid user behavior, m is the total number of categories. Calculate the
distance between the winner weight vector of each user behavior data type
and this category. The expression formula is as follows:

P P
[Xa = Wl = F(X) D1 Xkl = Y 11w )
j=1 J=1

In the above formula, g is the calculation unit representing the winner
data; W, represents the winner weight vector of the data class of grid user
behavior.

In the result of formula (4), the Euclidean distance expression formula of
any two grid user behavior vectors is as follows:

A= Bl = [Xx — W] (5)

In the above formula, A, B represent any two grid user behavior vectors;
ej, fj respectively European space point coordinates of A and B.

Make W, the winner neighborhood of the data class, approximately acts
to the power grid of users N, after the input node responds when the self-
organizing neural network operates stably, the output node outputs the initial
clustering results of the grid user behavior analysis. The learning equation
expression formula of this process is as follows:

In(t) = n(t)wag|
|A - B

Awap = Ny (6)
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In the above formula, ¢ is the number of iterations; w4p representation
the connection weight between vector A and B; n(t) indicates the learning
rate of ¢.

Step 3: Obtain the cluster center according to the initial clustering results
generated by the output node, and use it as the center of each cluster in the
K-means clustering algorithm.

Step 4: Use K-means clustering algorithm to cluster the user behavior data of
power grid again. First, calculate the sum of squares of the power grid user
data sample and the cluster center within the category J(C'), the calculation
formula is as follows:

K
J(C) =min Y~ AwapZnd*(Cr, ) (7)

m=1

In the above formula, Z,, represents a binary variable; C',, represented the
cluster center of sample C'; n represents the clustering influence coefficient;
xp, represents other sample data within the class; d represents the distance
between the cluster centers of sample categories.

According to the results of formula (7), the power grid user behavior is
classified, and the clustering center is updated using the least square method
and Lagrange method. The obtained power grid user behavior analysis results
are expressed as follows:

anzl LnTn,

Cm = <m 7
Zn:l J(C)l’n

®)

Step 5: After updating the cluster center according to formula (8), output the
new cluster result, which is the analysis result of power grid user behavior.

After the above steps, the analysis results of power grid user behavior are
obtained and sent to the visual display layer of the power grid user behavior
analysis system for display to users.

The above method classifies the different types of electricity use of
the same user and the electricity use behavior of different users, so as to
facilitate the discovery of user electricity use patterns, analyze the electric-
ity use behavior of specific users, and provide reliable analysis basis for
power companies to better conduct demand side management and users
to effectively arrange their own electricity use behavior. In addition, when
clustering analysis is completed, different types of power user groups can
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be effectively obtained to analyze the power consumption behavior of these
user groups, which can ensure that power companies further provide dif-
ferentiated services, guide users to reasonably regulate their own power
consumption behavior, and provide good support for scientific and orderly
power consumption.

3 Experimental Analysis

Taking an electric power service limited company as the experimental object,
the electric power service limited company is mainly engaged in electric
power marketing projects such as electric power sales, thermal power pro-
duction and sales, and grid operation and management. The company was
founded in 1999, and since its operation, the company has generated a large
amount of grid user behavior data on its official website, and use it as a data
source. The method in this paper is used to analyze the grid user behavior
data of the electric power service limited company. It provides powerful
data support for its marketing planning, and verifies the practical application
effect of the method in this paper. The experimental environment is: Win 10
operating system, Intel i7-9400F processor and NVIDIAGeForceGTX1070
graphics card, and the data interface is the HDFS. The experiment uses
Python programming language and MATLAB kit to train and test the logic
operation layer K-means clustering algorithm on the Tensorflow deep learn-
ing framework. The experimental parameters of K mean clustering algorithm
are: cluster number: 100; iteration number: 500; maximum evolutionary
generation number: 200.

To verify the ability of the system in dealing with the data of power grid
users’ behavior, the amount of stored data is taken as the measurement index,
and the system stores the amount of data under different operating times.
In order to make the experimental results more sufficient, the literature [12]
system, literature [13] system and literature [14] system are used to carry out
comparative experiments with the system designed in this paper. The compar-
ison method and the present system conduct experiments in an experimental
environment. The experimental results are shown in Figure 7.

It can be seen from the analysis of Figure 7 that when the four systems
store data, their storage data volume curves show a fluctuating trend with
time. In the same running time, the storage data volume curve of this system
has the smallest fluctuation, and its storage data volume value is the highest.
The storage data volume curve from the literature [12] system to the liter-
ature [14] system has a large fluctuation, and under the same running time,
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the amount of stored data is lower than that of this system. The above results
show that during the operation of this system, the amount of user behavior
data stored in the system is relatively large, and the amount of stored data is
relatively stable in different operation times. The system has good operation
stability and strong data processing capability.

Verify the communication transmission capability of the system in this
paper, take the 200GB power grid user behavior data as the experimental
object, test the communication fluctuation frequency change of the system in
this paper when transmitting the power grid user behavior data, and analyze
the wireless communication capability of the system in this paper. The test
results are shown in Figure 8.

It can be seen from the analysis of Figure 8 that when the system in
this paper transmits the behavior data of power grid users, the fluctuation
amplitude of its communication eye fluctuates between 1 and —1. Its com-
munication eye wave shape is relatively regular, the fluctuation frequency
difference is small, and the communication eye window is large. The above
results show that the system in this paper has fast speed, good communication
quality and good communication stability in the communication process.

Verify the ability of this method to crawl the data of grid user behavior,
and use this method to crawl the monthly electricity consumption data in the
grid user behavior data. Take three users as experimental objects, collect their
monthly power consumption data within 12 months, and the collection results
are shown in Table 2.
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Table 2 Collection results of power grid user behavior data (kW.h)

Month  User 1 User2 User3
1 48296.1 5894 83.2
2 38722.3 3285 91.6
3 488419 2059 118.5
4 42103.6 1375 125.7
5 48207.5 132.2 66.4
6 45621.5  409.1 89.5
7 40335.8  228.5 91.7
8 38966.5 307.4 105.5
9 45063.8  421.1 133.6
10 48917.2 4515 141.2
11 45066.3  406.5 108.2
12 425177  411.7 98.3

547

It can be seen from the analysis of Table 2 that the method in this paper
can effectively collect the power consumption behavior data of power grid
users in different months. Taking the above data as the basis for the analysis
of power grid user behavior, can get the user’s power consumption behavior
at different times, which provides a basis for formulating the power product

marketing plan.

Validate the results of the system analysis of grid user behavior in this
paper, take the weight index of grid user analysis as the measurement index,
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test the change of weight index of four systems when analyzing different grid
user behavior data, and the results are shown in Figure 9.

It can be seen from the analysis of Figure 9 that when the four systems
analyze the behavior data of grid users, their weight indexes increase with the
increase of the amount of grid user data. In this method, after the amount of
grid user data exceeds 2000, their weight values are the lowest, and show
a slow upward trend with the increase of the amount of grid user data.
The weight index of other systems shows a significant upward trend with
the increase of power grid user data. This is because other methods only
conducted user behavior data mining once, and the mining results were not
accurate enough. The method used in this article uses Fromto to filter the data
categories of grid user behavior, perform initial clustering, and use K-means
clustering algorithm to perform secondary clustering on grid user behavior
data, avoiding the influence of subjective factors on parameter selection and
keeping the weight value as low as possible. The above results show that the
system in this paper has good mining stability when mining power grid user
behavior data.

Taking a power grid user as an experimental object, this system is used to
mine the user behavior data, and the mining results are shown in Figure 10.

From the analysis of Figure 10(a), it can be seen that the user’s electricity
consumption in January March and July October is relatively high, com-
pared with that in March June and November. By December, its electricity
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Figure 10 User behavior data mining results.

consumption showed an upward trend. According to the annual power con-
sumption curve of the grid user, the user is an ordinary user of the company,
and its power consumption is for daily life. From January to March, the power
consumption of the user shows a downward trend, because the use time of
air conditioners in China can gradually decrease from January to March;
From March to June, the temperature conditions are good, and users do not
need to turn on the air conditioning equipment; From July to October, the
temperature is high, and users use air-conditioning equipment frequently, so
their power consumption shows an upward trend; The same is true of the
increase in electricity consumption in December. It can be seen from the
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analysis of Figure 10(b) that the user’s power consumption shows a peak
form from 2:00 to 24:00. The user’s power consumption is low from 2:00 to
6:00, and the user’s power consumption is high from 8:00 to 22:00. The user
uses the range hood, washing machine, air conditioner and other equipment
in this period, so the user uses more power from 8:00 to 22:00. Based on
the above results, the application of this system can effectively analyze the
daily electricity use behavior of power grid users from their behavior data.
According to the electricity use behavior of users, the electricity price ladder
can be formulated to promote the marketing of power products and services.

Validate the accuracy of the analysis results of the system mining power
grid user behavior in this paper, and test the performance of the analysis
results of the mining power grid user behavior under different data volumes
of power grid user behavior with the RAND coefficient as the measurement
index. The Rand coefficient is a commonly used clustering algorithm evalu-
ation indicator, which does not require modification or special processing of
the original data. It only needs to compare the consistency of two clustering
results to complete the analysis. At the same time, the Rand coefficient can
handle situations where the size of different clustering results is inconsistent,
and even if the number of clusters in two clustering results is different, it can
be compared. Therefore, it is suitable for power grid data mining evaluation
with unmodifiable and high number of clusters in clustering results. The test
results are shown in Figure 11.

It can be seen from the analysis of Figure 11 that the RAND coefficient of
this system fluctuates with the data volume of power grid users when mining
the analysis results of power grid user behavior data, but the fluctuation
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range is small, and the RAND coefficient always remains at about 0.9. The
results show that the system in this paper has a good consistency of clustering
categories when mining the analysis results of power grid user behavior data
by clustering, and the output analysis results of power grid user behavior data
have a high accuracy.

4 Conclusion

This paper designs a power grid user behavior analysis system based on data
mining, and uses the self-organizing center K-means algorithm in big data
mining algorithm to mine the results of power grid user behavior analysis,
combining the advantages of self-organizing neural network and K-means
algorithm. When mining the analysis results of power grid user behavior, it
first uses self-organizing neural network to preliminarily cluster the data of
user power consumption behavior, and then uses K-means algorithm to con-
duct clustering mining again according to the preliminary clustering results.
By mining the data of power grid user behavior twice, the mining results are
more accurate and refined, and the output analysis results of power grid user
behavior are more accurate. After multi angle experimental verification, this
system has a large storage capacity for user behavior data during operation,
and the memory storage is relatively stable at different running times, indi-
cating that the system runs stably and has good data processing capabilities.
This system has the advantages of fast speed, good communication quality,
and good communication stability during the communication process. This
system can effectively collect data on the electricity consumption behavior of
grid users in different months, thereby obtaining the electricity consumption
behavior of users in different periods and providing a basis for formulating
power product marketing plans. This system has good mining stability when
mining behavior data of power grid users, and can effectively analyze their
daily electricity consumption behavior from the behavior data of power grid
users. The fluctuation range of the Rand coefficient of this system is relatively
small, always maintaining around 0.9, and the clustering analysis results of
power grid user behavior data have high accuracy.

5 Future Works

However, in the process of data mining, it is necessary to collect, transmit,
and store power grid user behavior data, but sufficient security measures have
not been taken to ensure data security and privacy. In the future, deep learning
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and data desensitization technologies will be applied to optimize the system,
while deeply mining the hidden patterns and features of user behavior while
protecting user privacy and security.

Data Availability

The experimental data used to support the findings of this study are available
from the corresponding author upon request.
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