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Abstract 
 

Power user group is the main target of power industry management, and identifying different types of power user groups 
has become a research hotspot in the power industry. Power user group identification is proposed based on big data 
analysis to effectively protect the interests of power enterprises. Initially, the web crawler technology was used to 
calculate the correlation between the topics to be crawled and the keywords on the web page, and then the behavior of big 
data of the power user group on the power portal was extracted according to the correlation. The outliers of discrete big 
data were filtered, considering the consistency of big data of power user group behavior. Then, an energy field model is 
built to calculate the apparent energy, implicit energy, and active coefficient of power users. The active group, ordinary 
group, and zombie group of power users were obtained, according to the apparent energy and hidden energy of power 
users and the active coefficient. Results show that the method has good data crawling ability for power user groups prior 
to the contrast outlier filtering. It can effectively identify different types of power user groups, that is, 118 active users 
can be identified, with high recognition accuracy, which can be close to 100%. Conclusions provide guiding services for 
the management of the power industry. 
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1. Introduction 
 
Big data is a type of information asset. In the massive big 
data, users can gain insight into the valuable information 
covered by the data analysis, decision making, and other 
approaches to provide guidance for their industry or field. 
Network information is overwhelming and growing 
exponentially with the introduction of the cloud computing 
era, forming a massive amount of data, including the power 
industry. The development of electric power industry is 
related to the national economy and people’s livelihood and 
is closely related to the national GDP. As the main modern 
energy, electric power plays an irreplaceable role in people’s 
production and life. Power enterprises obtain benefits from 
the electric power sales. In the process of power sales, power 
enterprises consider the big data of electricity meter 
measurement as the charging standard. The identification 
accuracy of electric power user groups is very important to 
ensure the interests of power enterprises. However, in the 
process of identification, accuracy is difficult to ensure; thus, 
valuable data should be from the big data of the power 
industry [1]. This approach is conductive to the development 
and digital transformation of the power industry, which can 
better serve the society. 

Every person or unit belongs to the power industry user 
given that the power gird is the foundation to support 
people’s production, business activities, and life, leading to 
the diversity of power user types and the complexity of user 
behavior and generating diversified big data in the power 
industry. The big data in the power industry is large [2], 
thereby causing great difficulty to the management and 
service of the power industry. 

The power industry adopts different service methods to 

promote its digital transformation according to different user 
groups, to simplify its management mode, ensure its service 
quality, and implement its political policies. Therefore, the 
identification method of power user group is greatly 
important. Based on the big data of power, this study 
investigates the identification method of power user group 
and provides guiding services for the management of the 
power industry. 

 
 

2. State of the Art 
 

In recent years, many scholars have studied the identification 
methods of user group, and its application has also played a 
significant role in different fields. For example, Zuo et al. [3] 
proposed network identification methods of the user group. 
After collecting the big data of the user group from network, 
the identification method used the differential cross-
correlation algorithm to calculate the big data of the user 
group to obtain the difference value of the big data from 
different user groups, and then identify the user groups 
based on the difference. However, the accuracy of this 
method in identifying user groups is poor due to the 
interference noise and redundant data. Zhang et al. [4] 
proposed the identification method of user identity based on 
preference logic. This method collected user preference data, 
analyzed preferences of different users, and then divided 
user groups according to user preferences. This method was 
widely used in the field of commodity and data 
recommendation, but it was not universal. Liang et al. [5] 
put forward an online user group identification method. This 
method collected online big data of users’ network behavior, 
analyzed user behavior, and constructed an evaluation index 
system. Then, they used fuzzy hierarchical analysis method 
to analyze the correlation degree between users and obtained 
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the same type of user groups according correlation degree. 
However, this method was affected by the parameter 
selection of fuzzy hierarchy analysis method in the 
application process, thereby leading to poor accuracy of user 
group identification. Guo et al. [6] predicted the total supply 
curve of the power market based on the LSTM model, 
constructed the LSTM model, conducted parallel training on 
the temporal and non-temporal characteristics of the power 
market, and then used the power load data for sample 
analysis. This method could improve the quality of power 
service. Zhou et al. [7] implemented a study on the bidding 
strategy of integrated energy selling e-commerce under the 
influence of green power certificate trading and transmission 
obstruction. First, according to the quota system and the 
relevant policies of green power certificate, the optimal 
mode of two markets in which e-commerce sellers 
participate in bidding was constructed. The random forest 
regression algorithm and multi-scenario reduction technique 
were used to combine the wind power output prediction 
results with the error scenarios, and then stimulate the multi-
scenario actual wind power output. On this basis, it 
established a mathematical model to minimize the blocking 
cost of power grid based on node price. The mathematical 
model and calculation method established in this study are 
proven accurate and effective through calculation by 
examples. Although the above studies have made certain 
progress, studying more accurate user group identification 
methods in the face of the defects of current user group 
identification technology is imperative. 
 
 
3. Methodology 
 
3.1 Big data collection of power user behavior based on 
topic correlation 
Web Crawler is a technology that extracts a script or 
program of Internet data according to certain rules. Web 
Crawler can connect the entire Internet and read and save the 
content of each web page. In this study, Web Crawler is used 
to crawl the big data of power user behavior on the power 
portal website. The detailed process is discussed in the 
following section. 

The power portal website has many functions and web 
pages. Thus, the topic of the web crawler technology should 
be set initially when using the technology to crawl the big 
data of power user group behavior to avoid wasting the 
resources and network bandwidth of the power portal 
website and reduce the time to crawl the big data of the 
power user group behavior. The web crawler obtains the 
optimal Uniform Resource Locator (URL) [8, 9] based on 
the topic. URL is describes the location of information on 
the network service program, similar to the function of 
coordinates. TF·IDF refers to the weight of the topic key 
works to be crawled by the web crawler, among which TF 
refers to the frequency of topic keywords in the web crawler 
process, and the calculation formula of this frequency is as 
follows: 

 

                                     (1) 

 
where Qi,j refers to the occurrence times of topic words; 

 refers to the total number of all topic words in the 

behavior data of the power user group; dj and ti refer to the 

webpages, where the behavior data of the power user group 
and topic words, respectively, are located; i refers to the ith 
key words; j refers to the jth webpage; k refers to the total 
number of subject terms in the kth page. 

In the weight of the topic keywords to be crawled by the 
web crawler, TF·IDF refers to the frequency of the web 
crawler crawling the behavior data of the power user group, 
and its calculation formula is as follows: 

 

                      (2) 

 
Where refers to the total number of behavior data text 

of power user group crawled by the web crawler, and
  refers to the total number of texts containing 

topic words. 
On the basis of the results of Formula (1) and Formula 

(2), the weight of the behavior big data of the power user 
group to be crawled is calculated [10], and the expression 
formula is as follows: 

 
                                   (3) 

 
where wi refers to the weight of the behavior big data of 

the power user group of the ith keyword to be crawled. 
The calculation results in Formula (3) are arranged in 

descending order, and the first N weights in the big data 
weight sequence of power user group behavior are 
considered big data keywords of the power user group 
behavior. 

For the big data keyword of the ith power user group 
behavior, the spatial vector model is used to calculate the 
topic correlation when the web crawler crawls the big data 
of the power user group behavior. n is the dimension of the 
spatial vector model. After calculating the behavior big data 
keyword weight of the ith power user group wi by using 
Formula (3), the weight is the vector space dimension value 
in the spatial vector model [11-13]. The crawling topic of the 
power user group behavior big data is set as q, and the 
keywork weight in the setting topic is represented by fi,q. 
Thus, the topic expression formula when the web crawler 
crawls the behavior big data of the power user group is as 
follows: 

 
                       (4) 

 
Where refers to the topic when the web crawler crawls 

the big data of the power user group behavior. 
j refers to the web page of the power portal website, xi=1 

refers to the frequency of high-frequency keywords, and xiwi 
is the vector dimension value of the spatial vector model. 
The topic expression formula of the webpage of the power 
portal website is as follows: 

 
                (5) 

 
According to the results of Formula (4) and Formula (5), 

the correlation between webpage j and topic q is calculated, 
and its expression formula is as follows: 

 
                             (6) 
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Where Sim(j,q) refers to the correlation of webpage j and 
topic q. 

The threshold of the webpage and topic is set to 0.7; 
when Sim(j,q) is ≥0.7, a correlation is found between the 
web page and the topic [14]. 

Based on the correlation of the webpage and topic, the 
process of using web crawler technology to crawl the 
behavior big data of power user group is as shown in Figure 
1. When the web crawler program is started, it initially 
crawls the topic of the big data behavior of the power user 
group to be crawled by the web crawler, and then the 
correlation between the topic and keywords in the web pages 
of the power portal website is analyzed. If the topic is 
unrelated to the keyword, then it changes the webpage and 
then recalculates the correlation; otherwise, it reads the RUL 
link, and then determines whether the link has been 
accessed. If the link has been accessed, then the RUL link is 
stored in the accessed queue; otherwise, it is stored in the 
access queue. After reading the RUL in the RUL link in the 
queue to be accessed, the web page shall be parsed and 
processed. Then, the HTTP request is sent to the user, and 
the web page parsing content is stored to complete the big 
data collection of the power user group behavior. 

 

 
Fig.1. Crawling process of power user group behavior data by web 
crawler 

 
3.2 Outlier filtering of the big data of the power user 
behavior 
The big data of the power user group behavior cover a large 
amount, and some are missing and redundant [15]. Thus, the 
collected big data of the power user group behavior should 
be processed by filtering outliers. The outlier detection 
method [16,17] is a big data analysis algorithm, which 
analyzes the distribution position of data to determine 
whether the data deviate from other data and whether they 
are redundant or missing. Here, the outlier detection method 
is used to filter outliers in the big data of the power user 
behavior. The detailed process is discussed in the following 
section. 

This study describes the big data of the power user 
behavior in the form of field values to obtain the discrete 

outlier data in the big data of power user behavior. The 
discrete and isolated big data of the power user behavior are 
obtained by calculating the consistency of the field values.  

O refers to the big data set of the power user behavior 
obtained using web crawler technology, Ak refers to the big 
data field of the power user behavior in the big data set, and 
the k'th field value is represented by Vkk; thus, the consistency 
of the big data field of power user behavior is obtained using 
Formula (7), as follows: 

 
                           (7) 

 
Where uR(Vkk')  refers to the consistency of big data field 

of discrete power user behavior, Dk refers to the total number 
of records when the field Ak is not null, Nkk' indicates the 
occurrences of Vkk', and TVk is the total number of different 
values of Ak. In this formula, when the number of 
occurrences of the big data field value of a certain power 
user behavior is much lower than the average of all big data, 
the discrete consistency of the big data of the power user 
behavior approaches 0. After obtaining the consistency of 
big data field values of all power user behavior by using 
Formula (7), whether the field value is an outlier α is 
confirmed. When uR(Vij) value is less than α, the data 
corresponding to the field value of the current power user 
behavior big data is an outlier. After filtering the outlier 
data, the big data of the power user behavior without missing 
or redundant data are obtained; they are represented by O'. 
Thus, the outlier filtering of big data of power user behavior 
is completed. 

 
3.3 Identification of power user group based on energy 
field model 
The big data of the power user group behavior contain three 
data types: user attributes, behavior, and network topology 
of the power portal website. When users interact on the 
power portal website, the active user group can be found by 
analyzing the degree of user activity. When power users 
interact on power portal websites, their behavior information 
spreads outward through network nodes, similar to the 
energy field transmission in physics. Therefore, big data set 
O' of the power user behavior is inputted without missing or 
redundant data, and the power user group is identified using 
the energy field model. When a power portal user node Va 
releases an interactive information, the customer service 
node Va' of the power portal website feedbacks the 
interactive information, which are likely to be seen by other 
users. Meanwhile, the network node energy of the power 
portal users and customer service nodes are enhanced when 
other users see the interactive information. Based on above 
analysis, U1={V1,V2,… ,Vm} refers to the network node 
collection of the power portal website, among which Va is 
the arbitrary network node of the power portal website, and 

, m is the total amount of network nodes of the power 
portal website. When customer service feedback Va' 
information directly, the energy injected is the apparent 
energy, which is marked as E(r=1). Therefore, the apparent 
energy of nodes is directly affected by user attributes and 
user behavior. The apparent energy Va is obtained using 
Formula (8), as follows: 
 

                      (8) 
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Where Uproperty is the attribute of Va, and UFaction is the 
behavior of the user node in the power portal website. 

U2={B1,B2,… , Bn} refers to the combination of users 
who can view the behavior of the user node Va, Ba' is any 
user who can view the behavior of the user node Va, and 

, n is the sum of the users who can view the behavior 
of user node Va. The hidden energy indicates that Ba' can 
view the input energy of user node Va directly; it is 
represented by E(r>1) . The calculation format is shown in 
Formula (9), as follows: 

 

                (9) 
 

Where Efather  is the energy of Va parent node, NTS is the 
network topology structure of the power portal website, daa' 
is the number of hops between user nodes Va and Ba', and 
Ea(r>1) is the hidden energy of Va. 

The activity index is used to measure the active degree 
of the power user group on the power portal website, which 
is the dimensionless behavior of the power user group on the 
power portal website. refers to the unit time period of the 
power user group behavior big data,  AI is the active index of 
each network node within this unit time period, and the 
active index sequence of the network nodes composed of H 
nodes within this time period is  

Thus, the active index AI(Va) of user 
node Va is shown in Formula (10), as follows: 

 

                          (10) 

 
Where Cretweet refers to the number of times the behavior 

of user node Va can be seen by other user nodes, Cpost 
 is the 

number of times that the behavior of Va has been propagated 
by other user nodes to other nodes, and Vfans is the 
interaction times between the user node and the power portal 
network node. 

Formula (8) and Formula (9) are used to calculate the 
apparent energy and hidden energy of the current power user 
group, respectively, and Formula (10) is used to calculate the 
active index of the apparent energy and hidden energy of the 
power user group. When the active index of the apparent 
energy and hidden energy of the power user group is higher 
than 0.7, the power user group corresponding to the apparent 
energy is important. When the active index of the apparent 
energy and hidden energy of the power user group is 
between 0.4 and 0.7, the power user group corresponding to 
the apparent energy is ordinary. When the active index of the 
apparent energy and hidden energy of the power user group 
is less than 0.4, the power user group corresponding to the 
apparent energy is a zombie user group. 

 
 

4. Results Analysis 
 
The power users of a city’s power portal website is 
considered the experimental object, and the proposed 
method is used to identify the user group of this power portal 
website. The city’s power portal website provides 
professional knowledge and technology in energy, 
electricity, and other related fields for the personnel in the 
electric power industry. At the same time, it sets up 

exhibitions and training projects in the electric power 
industry and provides basic payment and business consulting 
services for users. 

The proposed method is used to crawl the input big data 
of the user group on the city’s power portal website during a 
certain period of time, and part of the crawling results are 
shown in Table1. Table1 shows that the paper method can 
effectively crawl the number of password entered by users in 
the login operation, the number of clicks on the top button 
when they view the top articles in the forum, and the number 
of clicks on the dialog box when they communicate with the 
customer service. The results indicated that the paper 
method has a strong ability to collect data from power users.  

 
Table 1. Part crawling results of input big data of user group 

Functions Data/Time Description 
Login 59 Enter password 
View top article 338 Click the top button 
Like the article 1023 Click the like button 
Collect the article 559 Click the collect button 
View forum comments 305 Comment sort button 

View training video 119 Retrieve training video 
keywords 

Communicate with 
customer service 582 Click the dialog box 

 
A large number of power user group data collected by 

the proposed method is considered the experimental object, 
and this method is used to filter outliers. Then, the 
distribution state of a large number of power user group 
data is presented by undirected graph, and the filtering 
effect of the proposed method on the outliers of a large 
number of power user group data is analyzed; the results are 
shown in Figure 2. The figure shows that the initial 
distribution state of a large number of power user group 
data collected by the proposed system has the most 
clustered data, but few scattered big data points are discrete. 
After outlier filtering and processing of a large number of 
power user group data with the proposed method, discrete 
data points around the aggregated big data are removed, and 
the consistency of the power user group data is guaranteed. 
The results indicated that the proposed method has good 
ability to filter outliers from the user group data, thereby 
reflecting the ability of the proposed method to identify the 
power user group. 

A total of 400 power users are considered experimental 
objects, which were divided into eight groups, with 50 
power users in each group. The proposed method is used to 
calculate the energy field of all power users. In addition, the 
average energy field value of power users in each group is 
calculated according to the group division. The average 
energy field value of each power user is considered the 
measurement index to analyze the energy field capability of 
power users calculated by the proposed method; the results 
are shown in Figure 3. The figure shows that the average 
energy value calculated by the proposed method is almost 
exactly consistent with the actual energy value, indicating 
that the proposed method is sufficiently accurate to calculate 
the energy value of the power users. It also indicates that the 
proposed method can effectively distinguish the energy 
values of different power users and has a relatively accurate 
ability to identify power user groups. 

A total of 300 power users from the city’s power portal 
website are considered experimental objects, including 118 
active power users, 93 ordinary users, and 25 zombie users. 
The proposed method is used to identify the 300 power 
users, and the identification results are shown in Table 2. 
Table 2 shows that the number of users in the identified 
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cumulative power user groups gradually increased with the 
increase in identification time in the process of identifying 
power user groups. Among them, at 0.8 s, the proposed 
method identified 25 zombie power users among the 300 
power users; at 1.6 s, it identified 93 ordinary users; at 1.8 s, 
it identified 118 active users among the 300 power users. 
The identification result is exactly the same as the actual 
result. The finding shows that the accuracy of the proposed 
method is close to 100%, and it has a relatively excellent 
ability of identifying power user groups. 

 
(a) Prior to outlier filtering 

 
(b) After outlier filtering 

Fig. 2. Outlier filtering test results of power user group data 
 

 
Fig. 3. Calculation results of average energy field of power user group 

 
Table 2. Identification result of power user groups 

Time/s Total quantity 
Active group Ordinary group Zombie group 

0.2 29 19 3 
0.4 33 36 9 
0.6 49 44 18 
0.8 51 59 25 
1.0 68 62 25 
1.2 76 75 25 
1.4 93 88 25 
1.6 109 93 25 
1.8 118 93 25 
2.0 118 93 25 

 
 
5. Conclusion 
 
This study investigates the identification method of power 
user group based on big data. In this method, web crawler 
technology is used to crawl the big data of power user group 
behavior and obtain the active degree of power users on the 
power portal website as well as the apparent energy and 
hidden energy from the big data, and then determine the type 
of power user group. After experimental verification, the 
following conclusions are drawn: 

(1) After the outlier filtering process of a large number 
of power user group data with the proposed method, the 
discrete data points around the aggregated big data can be 
removed, resulting in better outlier filtering ability of the 
user group data. 

(2) The average energy value calculated by the proposed 
method is almost exactly consistent with the actual energy 
value, thereby effectively distinguishing the energy values of 
different power users and obtaining a relatively accurate 
ability to identify power user groups. 

(3) The proposed method identified 118 active users. The 
identification result is exactly the same as the actual result, 
and the accuracy of identifying the power user group is close 
to 100%, indicating a relatively excellent identification 
ability of power user group. 

With respective to the identification of power user 
groups, the next work is to build a user similarity 
identification model, which can deeply understand the 
characteristics of power user groups and provide accurate 
implementation of demand response strategies to improve 
the energy efficiency of the power grid, which can be further 
studied in the future. 

 
This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License.  
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