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In TW, the method to improve the availability of clustering results and protect data 

security is offered (research goals, such as data clustering algorithms under differential 

privacy protection). And the planning method of electric vehicle charging facilities with 

the smallest total social cost is provided (the object of research is a charging facility plan-

ning method based on improved k-means algorithm). 

TW purpose – Power system companies use methods to reduce the impact of large-

scale electric vehicle access on the grid, and improve the reliability and economy of grid 

operations. 

TW contains: charging behavior analysis model and charging facility planning model; 

experiments; result analysis; the analysis strengths and weaknesses of technology, oppor-

tunities and threats of its application; Gantt's schedule of actions for implementation of 

technology in the power industry equipment. 
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ABSTRACT 
 

Electric vehicle (EV) has the advantages of energy saving, environmental protection 

and clean energy. The promotion of electric vehicles helps alleviate energy shortages and 

environmental pollution, and has gradually received attention from countries around the 

world. Vigorously developing electric vehicles is very important to achieve a comprehen-

sive energy transformation in the transportation field. In order to reduce the impact of 

large-scale electric vehicle access on the power grid, analysis of electric vehicle charging 

behavior can improve the reliability and economics of power grid operation. As the most 

basic supporting facilities for electric vehicles, the reasonable planning of charging facil-

ities can accelerate the formation of the electric vehicle ecosystem and improve the eco-

nomic benefits of charging facilities. The research work in this paper is mainly focused 

on the following aspects: 

Firstly, in order to solve the problem of privacy leakage risk in the data clustering 

process, in order to ensure the availability of the clustering results and ensure the security 

of the data, an electric vehicle charging data clustering algorithm under differential pri-

vacy protection was proposed. 

Secondly, in order to solve the problem that the random charging behavior of electric 

vehicles affects the stability of the power grid, at the same time, in order to improve the 

charging service, based on the real electric vehicle charging data, a charging data cluster-

ing algorithm under differential privacy protection was used to design an electric vehicle 

charging behavior analysis model. The classification of electric vehicle users is achieved 

through experiment, and the characteristics of the charging mode corresponding to each 

user are analyzed. 

Then, according to the planning needs of electric vehicle charging facilities and the 

social cost of charging facilities, a method for planning charging facilities based on an 

improved k-means algorithm is proposed. Take the minimum overall total cost of society 

as the objective function of the plan. An example is used for experiments to obtain the 

optimal location and number of charging stations with the lowest cost in a certain area, 

which proves the effectiveness of the proposed method. 

Finally, combining the methods of charging behavior analysis and charging facility 

planning, the strengths and weaknesses as well as the opportunities and threats are ana-

lyzed, and the SWOT matrix analysis is completed. Moreover, based on the work done in 

this article, the Gantt's schedule was determined. 

 

 

 

 

  



 

      page 

      

 

 

 

Изм 

 
 Page  Document #  Signat. Date 

 

7 
 

13.04.01.2020. 298.05 EN 

1 INTRODUCTION              

 

1.1 Research background and significance  

 

Compared with traditional fuel vehicles, electric vehicles (EV) have the advantages 

of energy saving, environmental protection, and clean energy. The promotion of electric 

vehicles helps alleviate energy shortages and environmental pollution problems, and is 

gradually paid attention by countries around the world. With the popularity of electric 

vehicles and the improvement of charging facilities, a large amount of charging data is 

generated every year, which provides a data basis for the analysis and mining of charging 

behavior. However, the charging behavior of electric vehicles is random and intermittent, 

which may bring many effects to the power grid, such as increasing the peak-to-valley 

load difference of the power grid, reducing the power quality, and affecting the stable 

operation of the distribution network [1]. In order to reduce the impact of large-scale 

electric vehicle access on the grid, it is necessary to analyze the charging behavior of 

electric vehicles and improve the reliability and economy of grid operation. With the de-

velopment of the competitive charging market, accurately understanding user charging 

behavior patterns has become a valuable asset for power service providers [2]. Therefore, 

analyzing and mining the charging behavior data of electric vehicle users and accurately 

classifying the user categories can help guide the charging behavior, lay the foundation 

for the charging and discharging scheduling strategy of electric vehicles, maintain the 

safety and stability of the power grid, and also help power service providers. Understand 

the personalized and differentiated service needs of each type of user. 

Since the charging data of electric vehicles may contain sensitive or private infor-

mation from devices and users, there is a risk of privacy leakage in the process of data 

analysis [3]. Therefore, on the premise of accurate analysis of user behavior data of elec-

tric vehicles, how to protect user privacy from leakage is an urgent problem to be solved. 

In order to protect user privacy, data can be encrypted on the user side and data exchange 

between the user and the data center is protected, but when data clustering and analysis 

are performed in the data center, an attacker may obtain sensitive data. Differential pri-

vacy helps alleviate the tension of data leakage and protects user privacy while ensuring 

the availability of clustering results. 

Charging facilities are important facilities for providing charging services for electric 

vehicles. However, the difficulty of charging is the key factor restricting the further ex-

pansion of electric vehicles. Therefore, the scale of China's charging facilities is con-

stantly expanding. According to the data released by the China Charging Union, the num-

ber of charging facilities in China has been increasing. As of June 2019, the number of 

charging piles in China has exceeded 1 million, of which the number of private charging 

piles exceeds 590,000, and public charging piles. The number of vehicles exceeds 

410,000, and the pile-to-pile ratio reaches 3.5: 1. With the development of charging fa-

cilities, the acceleration of the construction of charging stations and the increase in the 

density of charging piles, it will drive the enthusiasm of potential electric vehicle users to 

purchase and promote the rapid promotion of electric vehicles. The key to the industrial-

ization of electric vehicles is to optimize the planning of charging facilities and improve 
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their related theories, which can provide technical and theoretical support for the actual 

planning work and help promote the development of electric vehicles. 

 

1.2 Research status at home and abroad 

 

1.2.1 Research status of electric vehicle charging behavior analysis  

 

Charging behavior is an indispensable component of electric vehicle users' travel. 

Charging behavior mainly includes: charging power (including the power at the begin-

ning of charging, the power after charging is stopped and the total charging capacity), 

charging time (including Charging start time, charging stop time and dwell time), charg-

ing method (slow charging or fast charging), charging frequency (average number of 

charging times per day) and the selected charging station location and other factors [4]. 

At present, there are many studies on the charging behavior of electric vehicles by 

scholars at home and abroad. Literature [5] based on the travel chain theory and logistic 

regression model research and analysis of factors that affect the charging behavior of 

electric vehicles, and based on single and multiple significant influencing factors to es-

tablish a prediction model. Reference [6] based on the behavior characteristics of electric 

vehicles, using the Monte Carlo method to simulate the driving and charging behavior of 

electric vehicles, obtained when and where electric vehicles will be charged in various 

regions, and classified electric vehicles according to the charging habits of the owners. 

Reference [7] proposes an analysis method of charging behavior of electric vehicle users 

that introduces Markov decision process. It takes the user's charging behavior as a deci-

sion set, and also analyzes the impact of different regions and different parking durations 

on charging behavior. There are still some studies that consider the charging behavior of 

electric vehicles and formulate corresponding charging strategies. Literature [8] grouped 

electric vehicles based on the travel end time, travel start time, maximum charging delay 

and required charging time, proposed an electric vehicle grouping scheduling strategy, 

and formulated different Charge and discharge strategy. Some foreign scholars have used 

pure statistical methods to study the charging behavior of electric vehicle users [9,10]. 

The clustering algorithm is an important algorithm in data mining. There have been 

some researches that apply the clustering algorithm to the analysis of the charging behav-

ior of electric vehicles. Literature [11] proposed a two-level clustering model to determine 

the driving mode of electric vehicles, and obtained five daily driving modes and four 

multi-faceted driving modes through the model. Reference [12] uses the British travel 

survey data to determine five typical traditional vehicle usage conditions by k-means 

cluster analysis. Literature [2] on the Spark platform verified the user behavior analysis 

model of charging pile based on k-means algorithm through examples. Reference [13] 

based on the real electric vehicle charging behavior data set, proposed a k-means cluster-

ing and multi-layer perceptron combined electric vehicle user modeling technology to 

carry out electric vehicle parking and load forecasting. Literature [3] based on real charg-

ing data, used k-means algorithm to cluster electric vehicle users and analyzed all cate-

gories in detail, used Apriori algorithm to study the impact of weather and holidays on 

the charging of electric vehicle users, and also studied the temperature and number of 
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charging through statistical methods Relationship. In summary, the use of clustering al-

gorithms to analyze the charging behavior of electric vehicles has achieved certain results. 

The accurate analysis of the charging behavior data of electric vehicles can help provide 

users with more reliable and satisfactory services. However, the above study did not con-

sider the randomness of the initial cluster center point selection and the impact of the 

outliers in the data on the clustering results, nor did it consider the risk of data leakage. 

Therefore, to solve this problem, this paper uses a clustering algorithm under differential 

privacy protection, and by detecting outliers and improving the selection of the initial 

clustering center point, the accuracy and availability of the clustering results are guaran-

teed, while protecting the user's privacy. 

 

1.2.2 Research status of electric vehicle charging facility planning 

 

Charging facilities are the most basic supporting facilities for electric vehicles. There-

fore, there are many studies on the planning of electric vehicle charging facilities by 

scholars at home and abroad. Reference [14] proposes a planning method that considers 

the differences in urban characteristics, builds a model with the goal of maximizing the 

economic benefits of charging facilities, and demonstrates the availability of the method 

through calculations. Literature [15] based on electric logistics vehicles, built a charging 

and replacement facility location model, and designed an improved genetic algorithm to 

solve the location model and path planning. Literature [16] proposed the concept of uni-

versity-based electronic car sharing to cover the energy needs of electric fleets. Using real 

data collected from university parking lots, build simulation models to simulate fast 

charging infrastructure to represent the potential utilization of electric vehicles. Reference 

[17] builds a model with distribution network capacity and site spacing as constraints, 

uses an integer programming model to achieve optimal configuration of charging station 

capacity, and improves quantum genetic algorithm for the location and volume planning 

of its charging station. Reference [18] set the goal to adapt the charging facility configu-

ration to the existing operating characteristics of the power system, and implement the 

charging facility configuration according to the characteristic index. Reference [41] es-

tablished an electric vehicle charging station planning model considering road network 

information, and proposed a charging station location method based on Voronoi diagram. 

It can be seen that the research on the planning method of electric vehicle charging sta-

tions has achieved certain results and formed a preliminary planning method and steps. 

In this paper, through an example analysis, the optimal value of the number of charging 

stations and the location of the lowest cost charging station in a certain area are obtained. 

 

1.3 The main research content of article 

 

Based on the above research status, the main research contents of this article are: 

electric vehicle charging behavior analysis, electric vehicle charging facility planning op-

timization research, SWOT analysis and Gantt's schedule. 

Preprocess the real charging data; propose a charging data clustering algorithm under 

differential privacy protection, add Laplace noise at the center of the cluster, improve the 
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selection of the initial clustering center and detect outliers; designed an electric vehicle 

charging behavior analysis model, using silhouette coefficient to determine the value of 

the clustering number k, and obtained the user charging mode through experiments. 

Combined with the analysis of the component factors of the total social cost of electric 

vehicle charging stations, the optimal number of charging stations corresponding to the 

minimum social cost is used as the optimization goal, and the minimum overall total so-

cial cost as the objective function of the charging station planning. The improved k-means 

clustering algorithm is used to divide the service area of charging stations. Through an 

example analysis, it is proved that there are the optimal values of the number and location 

of charging stations in a certain area, and the effectiveness of the proposed method is 

verified. 

On the basis of the method proposed in this article, SWOT matrix analysis is com-

pleted, including the strengths and weaknesses of technology, as well as the opportunities 

and threats of application. Moreover, determine Gantt's schedule according to the frame-

work of the thesis. 

 

1.4 The organizational structure of article 

 

Chapter 1 Introduction. First, the research background and significance of this paper 

are described, then the domestic and foreign research status of electric vehicle charging 

behavior analysis and charging facility planning are described, and finally the research 

content of this paper is introduced to determine the following research direction. 

Chapter 2 Related theoretical basis. First, an overview of electric vehicles is intro-

duced. Three different types of electric vehicles are introduced from the perspective of 

characteristics and functions. The application scope, advantages and disadvantages of the 

three charging modes are also described. Secondly, it describes the current status of the 

construction of charging facilities in China, and introduces the charging facilities of elec-

tric vehicles from the aspects of charging stations and charging piles. Next, it analyzes 

the impact of the charging behavior of electric vehicles, and expounds the basic theoreti-

cal knowledge of differential privacy protection and k-means algorithm, which lays a 

theoretical foundation for subsequent research in this article. 

Chapter 3 Analysis of charging behavior of electric vehicles. In view of the fact that 

the charging behavior analysis process of electric vehicles is easy to leak user privacy and 

the amount of data is large, an electric vehicle charging behavior analysis model and 

charging data clustering algorithm are proposed. By improving the selection of initial 

clustering centers and calculating the density of each data point to find outliers, the avail-

ability of data clustering results is ensured under the premise of safety. 

Chapter 4 Research on the optimization of electric vehicle charging facilities. The 

charging facility planning model is given, including assumptions and objective functions. 

Analyze the three parts of the total social cost of electric vehicle charging stations, find 

the optimal number of charging stations corresponding to the smallest social cost as the 

optimization goal, and take the minimum total social cost as the objective function of 

charging station planning. Then, the solution method based on improved k-means clus-

tering algorithm is proposed, and the steps of the algorithm are introduced. 
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Chapter 5 Experiment analysis. Firstly, the model and algorithm given in Chapter 3 

are analyzed and tested, and the actual charging data after pre-processing is used for the 

experiment, and the number k of clusters is determined by the contour coefficient. Then 

experiment with the DP k-means algorithm on the same data set. The charging mode of 

electric vehicle users is also obtained, and the charging characteristics of each user mode 

are analyzed in detail. Moreover, the charging station planning model given in Chapter 4 

is also tested. First, an example is simulated and calculated, and the optimal solution of 

the charging station planning in a certain area is obtained, which verifies the effectiveness 

of the algorithm. Then it analyzes the changing trend of institutional cost, user cost and 

total cost as the number of charging stations increases. 

      Chapter 6  Use of results of a research in the power industry equipment. On the basis 

of the method proposed in this article, analyze the strengths and weaknesses of the tech-

nology, as well as the opportunities and threats of application. At the same time, deter-

mine Gantt's schedule of actions for implementation of technology in the power industry 

equipment. 

Chapter 7 Summary and outlook. Summarize the research results of this article and 

determine the follow-up research direction. 
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2 RELATED THEORETICAL BASIS 

 

2.1 Оverview of electric vehicles 

 

2.1.1 Types of electric vehicles 

 

An electric car is a car that uses new technologies, new structures, and has leading 

technology principles. It combines advanced technologies in power control and driving. 

Generally, electric vehicles are divided into three categories according to different inter-

nal combustion engines, namely, fuel cell vehicles (FCV), hybrid electric vehicles (HEV), 

and pure electric vehicles (BEV). The three types of electric vehicles are introduced be-

low. 

1. Pure electric vehicle (BEV) 

The power source of a pure electric vehicle is a battery, which provides electrical 

energy to the motor through the battery to provide power for the vehicle. Different from 

traditional fuel vehicles, pure electric vehicles are mainly different in the components of 

power battery, speed control, on-board charging and driving motor. The cruising range of 

a pure electric vehicle depends on its battery capacity, its starting speed and speed depend 

on the performance and power of the motor, and the weight of the on-board battery de-

pends on the choice of power battery [19]. 

2. Hybrid electric vehicle (HEV) 

Hybrid electric vehicles are equipped with internal combustion engines on the basis 

of the above-mentioned pure electric vehicles, so that electric vehicles have compound 

power [19]. When the battery is fully charged, the hybrid electric vehicle can use the 

battery to drive the motor; when the battery is exhausted, the battery can be charged with 

fuel to ensure normal use [20]. 

3. Fuel Electric Vehicle (FCV) 

The fuel used in fuel electric vehicles is new energy and non-polluting energy. Com-

mon fuels include methanol and hydrogen, which convert chemical energy into electrical 

energy to drive the vehicle [20]. Fuel electric vehicles are composed of fuel cell engines, 

electric motors, fuel tanks, and storage batteries [19]. 

 

2.1.2 Electric vehicle charging mode 

 

According to the classification of commonly used charging technologies, there are 

three modes of charging that are often used: slow charging, fast charging, and battery 

pack replacement [42]. 

1. Slow charging 

Slow charging generally uses a smaller constant current or constant voltage current 

for charging, the current size is generally only about 15A, and the charging time is longer, 

generally 5-8 hours. Therefore, slow charging is suitable for users who can travel for a 

full day, and is generally suitable for commercial areas and residential parking lots. Alt-

hough the slow charging mode is difficult to meet the user's emergency charging needs, 

it also has advantages. For example, its small charging current can protect the battery and 
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prolong the service life of the battery, and the charging current of about 15A requires the 

cost of power equipment and power grid Lower [20]. 

2. Fast charging 

The charging time of fast charging facilities is very short, usually only about half an 

hour to two hours, but the requirements for power facilities are high, generally requiring 

more than 200A of current. The fast charging mode has the advantages of meeting the 

user's travel needs in a short time and saving the user's time cost. Therefore, the fast 

charging mode is suitable for the situation where special facilities for fast charging have 

been built, which is convenient for users to take emergency charging and complete the 

remaining journey. However, the fast charging mode also has some shortcomings. High 

current requires higher security for the power grid, and the operating costs and installation 

costs of charging facilities are also higher [20]. 

3. Replace the battery pack 

Replacing the battery pack means that when the battery of the electric vehicle is ex-

hausted, the storage battery is directly replaced with a fully charged battery. Because the 

battery packs of electric vehicles are relatively complex, heavy, and bulky, professionals 

need to maintain and replace the battery packs in the corresponding charging area [20]. 

 

2.2 Overview of electric vehicle charging facilities 

 

2.2.1 Electric vehicle charging station 

 

Electric vehicle charging stations have charging equipment and are places where elec-

tric vehicles can be charged. The charging station is generally composed of multiple 

chargers or charging piles. In addition to completing the charging function, it can also 

monitor the operating status of the electric vehicle. 

Electric vehicle charging stations are mainly composed of five parts, namely charging 

system, power distribution system, security system, monitoring system and billing meas-

urement system. There are many ways to classify charging stations. According to the 

charging time, they can be divided into fast charging stations and slow charging stations. 

According to different locations, they can be divided into public charging stations, private 

charging stations, and dedicated charging stations [20]. In order to facilitate research, 

charging stations are generally divided into different levels. In 2010, in order to improve 

the construction standards of charging stations, Beijing issued the "Technical Specifica-

tions for Electric Power Supply and Guarantee of Electric Vehicles", which divided 

charging stations into 4 levels [21], as shown in table 2.1. 

 

Table 2.1 – Construction scale of different levels of charging stations 

 
Charging station level Power storage n, kWh Area, km2 Number of chargers 

Level 1 ≥6800 1350 16-25 

Level 2 3400≤n≤6800 1150 8-16 

Level 3 1700≤n≤3400 1050 6-8 

Level 4 ≤1700 950 3-5 
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2.2.2 Electric vehicle charging pile 

 

As a key facility of a charging station, a charging pile is a power supply device that 

provides charging services for electric vehicle users. The charging piles are generally 

arranged in groups. Electric vehicle charging piles are generally composed of electrical 

modules, calculation modules, pile bodies, and so on. There are many classification meth-

ods for charging piles. According to the charging speed, they can be divided into slow 

charging piles and fast charging piles. According to the national grid standard, charging 

stations can be divided into 3 categories according to rated voltage, rated current, and 

frequency [20]. As shown in table 2.2. 

 

Table 2.2 – Different charging pile types 

 

Category Rated voltage Rated current Frequency Standart type 

AC charging pile ≥6800 32A 50+1Hz 
State Grid 

Standard 

AC charging 

interface 
3400≤n≤6800 16/32A 50Hz 

State Grid  

Standard 

DC charging 

interface 
≤1700 125/250A – 

State Grid  

Standard 

 

2.3 Relevant theories of electric vehicle charging behavior analysis 

 

When electric vehicle users choose fast charging facilities, they pursue convenience 

and controllability of the charging duration, hoping that the charging time is shorter and 

avoid spending a lot of time on inefficient charging. Therefore, a good prediction of the 

duration of charging behavior is a key factor in evaluating the quality of charging services, 

and also a crucial factor in the planning of charging facilities [22]. 

According to the data in the survey results of the US Department of Energy's EERE 

automotive technology project, electric vehicles are charged an average of 1.05 times per 

day, and a maximum of 3.22 times a day [23]. The survey included 347,222 charging 

incidents, of which 82% completed charging in the user's home, and only 18% were 

charged on the way out, and most of these charging behaviors occurred in office areas, 

shopping centers, dining places and other urban areas. More than 70% of private cars are 

charged at least once when going out. A very small number of electric cars are not charged 

at home at all, and are only charged during the outing. 

 

2.3.1 Analysis of factors affecting charging behavior 

 

Literature [43] studied the charging behavior of electric vehicle users in non-residen-

tial and residential areas, and determined the occurrence probability of charging events 

with different SOC (State of Charge). When the electric vehicle is in the parking state, 

most users will charge when the battery SOC is between 20% and 80%. When the battery 

SOC is higher than 90%, charging behavior rarely occurs. In the non-residential area and 
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the residential area, the battery SOC at the start of charging conforms to a normal distri-

bution, while there is a significant difference in the distribution of battery SOC at the time 

of charging stop. Electric vehicle users generally end the current charge when the battery 

SOC is higher than 70%, and the battery SOC of the electric vehicle in the residential area 

at the time of charging stop is greater than the battery SOC of the non-residential area at 

the end of charging. 

The charging behavior of electric vehicles will be affected by environmental factors 

such as season, temperature and meteorology [24], which mainly include the following 

reasons:  

1. The high utilization rate of air conditioning in summer and winter seasons will 

increase the Electricity consumption, the charging frequency increases correspondingly, 

and the air conditioning utilization rate in spring and autumn is relatively low, and the 

charging frequency decreases accordingly. The total charging load of electric vehicles is 

lower than that in summer and winter. 

2. Temperature The difference will affect the performance of the battery. Exceeding 

the upper and lower temperature limits will reduce the battery capacity, resulting in an 

increase in charging time. 

3. Some electric vehicle users have working hours in summer and winter time. 

Changes in the start time of charging.  

4. The impact of meteorology is reflected in the impact of different weather conditions 

on the user's car willingness and traffic conditions, and the charging time may change 

accordingly. 

 

2.4 Differential privacy protection 

 

Commonly used privacy protection technologies are k-anonymity, l-diversity, t-close-

ness, etc. However, when the attacker has sufficient background knowledge, these tech-

niques cannot guarantee the security of the data. Dwork [25] proposed a differential pri-

vacy protection mechanism to solve the problem of traditional privacy protection. 

The differential privacy mechanism [25] protects private data by adding noise, while 

preserving the statistical characteristics of the data, ensuring maximum data availability. 

Compared with other methods, differential privacy protection has the advantages of a 

quantifiable level of privacy protection, a solid mathematical theoretical foundation, and 

resistance to the largest background knowledge attacks. The basic principles of differen-

tial privacy protection are as follows: 

Definition 1 [26]: Differential privacy protection. There is a random algorithm M, MP  

is a set of all possible outputs of M. For any two adjacent data sets 1D , 2D  and any subset 

MS  of MP , if the algorithm M satisfies (2.1): 

 

     MrMr SDMeSDM  21 PP 
                                                (2.1)   

 

It is said that the algorithm M provides ε - differential privacy protection, where the 

parameter ε is called the privacy protection budget [27].  
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Definition 2 [28]: Global sensitivity. Given the query function dRDf : , the sensi-

tivity of the function f is (2.2): 

 

           
121

, 21

maxf DfDf
DD

                                                                  (2.2)  

 

Among them, 1D  and 2D  are arbitrary adjacent data sets, R represents the mapped 

real space, and d represents the query dimension of the function f. The noise mechanism 

is an important mechanism to achieve differential privacy. Too much noise will affect the 

availability of clustering results, and too little noise will affect the security of data. Sen-

sitivity is mainly divided into global sensitivity [28] and local sensitivity [29]. 

The noise mechanisms of differential privacy protection mainly include Laplace 

mechanism and exponential mechanism. This article uses the Laplace mechanism be-

cause it is suitable for numerical data and implements ε-differential privacy by adding 

random noise matching the Laplace distribution to the precise query results. The defini-

tion of the Laplace mechanism is as follows: 

Definition 3[28]: Given a data set D with a function dRDf : , then the random algo-

rithm     YfM  DD  provides ε-differential privacy protection, with a sensitivity of f , 

where  fLap~Y   is random noise and follows the Laplace distribution with a scale 

parameter of f  . 

In definition 3, the probability density function of  fLap   is (2.3): 

 

                                    




















f

exp
f2

1 x
xp                                                          (2.3) 

 

In order to ensure that the privacy protection level of the algorithm is within the 

budget ε, the following two combination properties need to be satisfied: sequence com-

bination and parallel combination (figure 2.1). 

 

 

a)  


n

i 1

i  – differential privacy        b)  imax   – differential privacy 

 

Figure 2.1 – The combined nature of differential privacy  

protection algorithms 
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Property 1 [4]: For data set D, there is algorithm n21 M,,M,M  , whose privacy protec-

tion budget is n21 ,,,   , and combined algorithm       DM,,DM,DM n21 M  provides 

 


n

i 1

i  – differential privacy protection. 

Property 2 [4]: For the disjoint data set n21 D,,D,D  , there is an algorithm 

n21 M,,M,M  , whose privacy protection budget is n21 ,,,   , and the combined algorithm 

      nn2211 DM,,DM,DM M  provides  imax  -differential privacy protection. 

 

2.5 K-means clustering algorithm 

 

Clustering algorithm is an important algorithm in data mining. It is a type of unsuper-

vised machine learning algorithm. It can be used to discover the internal connection of 

things and make business decisions. The essence of the clustering algorithm is to divide 

according to the similarity of the data set to form independent clusters to reveal the data 

distribution. There is no category label in the data set of cluster analysis, and the data set 

processed by the data classification method has a category label. This is the main differ-

ence between the two data analysis methods of clustering and classification [30]. 

The k-means algorithm is one of the representative clustering algorithms based on 

partition, which has the advantages of simplicity, high efficiency and easy implementa-

tion. The k-means algorithm and the improved k-means algorithm have been widely used 

in user behavior and classification research, and there are many successful cases, such as 

[31,32]. In the k-means clustering process, there are two steps prone to data privacy leaks, 

namely the selection of the center point and the calculation of the distance between the 

data point and the center point. If the attacker obtains the information about the center 

point and the distance between a data point and the center point before the clustering 

calculation is completed, the value of the data point can be calculated. After the cluster 

analysis is completed, the value of the center point will be returned. If the attacker has the 

maximum background knowledge at this time, the value of the data point can also be 

calculated, which also has the risk of data privacy leakage. Combining the above infer-

ences, in order to ensure user privacy and security in k-means clustering analysis, noise 

needs to be added. 

 

2.6 K-means clustering algorithm under differential privacy protection 

 

Reference [33] first proposed combining differential privacy protection and k-means 

clustering algorithm to provide differential privacy protection for sensitive information 

by adding noise to the central point during the clustering process. However, the selection 

of the initial center point in DP k-means has a greater impact on the clustering results. 

Literature [34] proposed an improved differential privacy k-means algorithm (IDP), 

which improves the selection of the initial center point and proves the improvement of 

the usability of clustering results through experiments. Literature [35] believes that dif-

ferential privacy protection technology is more suitable for data mining by comparing the 

scope of applicable privacy protection technology. Reference [36] proposed an optimized 
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differential privacy clustering algorithm based on k-means algorithm and k-modes algo-

rithm for mixed data in smart grid. Reference [37] proposes a clustering analysis method 

of electricity consumption data for massive users under differential privacy protection, 

and obtains the user's electricity consumption behavior model through local and global 

clustering. Reference [38] proposes a privacy and usability data clustering scheme based 

on k-means algorithm and differential privacy, improves the selection of the initial center 

point and the distance calculation method from other points to the center point, and de-

tects anomalies during the clustering process Values to reduce the effects of outliers. By 

analyzing the above research, it is found that the key to privacy leakage is the clustering 

center point, because the clustering center point is obtained by dividing the sum of all 

data points in the cluster by the number of data points. If you provide an approximate 

value for the center point of each cluster when clustering data, you will protect sensitive 

data while ensuring cluster accuracy. Therefore, this paper adds noise at the center of 

clustering and uses differential privacy protection to reduce the risk of privacy leakage. 

 

2.7 Chapter summary 

 

This chapter first gives an overview of electric vehicles, introduces three different 

types of electric vehicles from the perspective of characteristics and functions, and also 

describes the application scope, advantages and disadvantages of the three charging 

modes. Secondly, it describes the current status of the construction of charging facilities 

in China, and introduces the charging facilities of electric vehicles from the aspects of 

charging stations and charging piles. Next, it analyzes the impact of the charging behavior 

of electric vehicles, and expounds the basic theoretical knowledge of differential privacy 

protection and k-means algorithm, which lays a theoretical foundation for subsequent re-

search in this article. 
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3 ANALYSIS OF ELECTRIC VEHICLE CHARGING BEHAVIOR 

 

In order to reduce the random charging behavior of electric vehicles and the impact 

of large-scale access on the grid, it is necessary to analyze the charging behavior of elec-

tric vehicles in order to understand the charging behavior of users, thereby improving 

charging services, and providing decisions for off-peak charging and grid charging sched-

uling strategies stand by. With the development of data mining technology, a large num-

ber of new algorithms combining data mining technology and differential privacy protec-

tion technology have been proposed and applied in many fields. As one of the representa-

tive clustering algorithms, the k-means algorithm has the advantages of simplicity, effi-

ciency, and ease of implementation. The k-means algorithm and its improved algorithms 

have been widely used in user behavior and classification research, and have the ad-

vantages in analyzing electric vehicle data Many success stories. Therefore, the improved 

k-means algorithm is suitable for analyzing the charging behavior of electric vehicle us-

ers. 

 

3.1 Data sources 

 

3.1.1 Introduction to electric vehicle charging data 

 

The data used in this chapter comes from a 30-day charging data set of an electric 

vehicle charging facility in China. Data is collected every second and includes attributes 

such as user ID, charging start time, charging stop time, charging cost, and charging de-

gree. 

 

3.1.2 Data preprocessing 

 

Next, the collected data of electric vehicles in a certain city is used as the initial data 

of the experiment to perform data preprocessing. 

The data used in this chapter has a missing user ID. Considering that this attribute 

value is indispensable for obtaining the number of charging times, the data bar with miss-

ing user ID is directly deleted. Therefore, under the premise of the same user ID, multiple 

pieces of duplicate data are identified and deleted, and only one piece of data with the 

largest actual charging degree is retained. Moreover, data with extremely short charging 

times are excluded to avoid adversely affecting the analysis results. Then, count the num-

ber of charging times per hour for each electric vehicle user within 30 days. Then use 

formula (3.1) to normalize the data [37]: 

 

 𝑑𝑖,𝑗
, =

𝑑𝑖,𝑗−𝑑𝑚𝑖𝑛

𝑑𝑚𝑎𝑥−𝑑𝑚𝑖𝑛
                                                                       (3.1)   

 

Among them, 𝑑𝑖,𝑗  represents the current data, 𝑑𝑖,𝑗
,

 represents the normalized data, 

𝑑𝑚𝑖𝑛 represents the minimum value in the electric vehicle data set, 𝑑𝑚𝑎𝑥 represents the 

maximum value in the data set, i represents the number of data, and n represents the total 
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value in the electric vehicle data set Number of items, j represents the number of attribute 

values in the data. Although the data set before normalization is 24 dimensions, including 

24 attribute values, the unit of each attribute value is the same and all indicate the number 

of charging within an hour. Therefore, the normalization uses the minimum and maximum 

values in the entire data set as  𝑑𝑚𝑖𝑛 and 𝑑𝑚𝑎𝑥. 

Finally, the processed data is used as the input data of the clustering model. The input 

data contains n pieces of charging times data, and each piece of data has 24 attribute 

values, which respectively represent the corresponding charging times value of 24 hours. 

 

3.2 Electric vehicle charging behavior analysis model 

 

The process of analyzing electric vehicle charging behavior is shown in figure 3.1. 

 

 
 

Figure 3.1 – Flow chart of electric vehicle charging behavior analysis 

 

1. Electric vehicle charging data 

The data set used in this chapter contains a large number of electric vehicle charging 

data, which can be used to analyze charging behavior. 

2. Data preprocessing 

In order to make better use of a large amount of charging data, first remove missing 

values and duplicate data. Then exclude the data with extremely short charging time. Then 

statistically calculate the number of charging per hour within 30 days. Finally, by nor-

malizing the data, the data of the number of charging times in the time series is obtained. 

3. Charging data clustering algorithm 

The time series charging times data is used as the input data of the algorithm. The 

algorithm combines differential privacy protection and an improved k-means clustering 

algorithm. The k-means algorithm has the advantages of simplicity, efficiency, and ease 

of implementation. Moreover, the k-means algorithm and its improved algorithm have 

been widely used in user behavior and classification research, and there are successful 

cases in analyzing electric vehicle data. The model based on this algorithm has good prac-

tical application value. Considering that the k-means clustering algorithm needs to man-

ually set the number k of clusters, therefore, the value of k needs to be determined before 

subsequent classification. 

4. User classification results 
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The results can be used for charging scheduling, and provide personalized charging 

services for electric vehicle users. 

 

3.2.1 Selection of the number k of clusters 

 

The k-means algorithm needs to set the number of clusters in advance, and the value 

of k has a great influence on the clustering result. As the value of k increases, clustering 

will inevitably describe the data more accurately, but the more clustering, the fewer di-

mensions of the problem. In general, clustering results of low similarity between clusters 

and high similarity within clusters are considered good. Therefore, the method used in 

this chapter to evaluate the clustering results is silhouette coefficient, which is described 

as follows: 

1. Calculation 𝑎𝑖 
𝑎𝑖 is the average distance between the data 𝑑𝑖 and other samples in the same cluster, 

which is called the intra-cluster dissimilarity of data. 

2. Calculation 𝑏𝑖 
Calculating the average distance of data 𝑑𝑖 to all samples in a certain cluster is called 

the dissimilarity between the data and a certain cluster. 𝑏𝑖 is defined as the inter-cluster 

dissimilarity of data: 𝑏𝑖 = 𝑚𝑖𝑛{𝑏𝑖,1, 𝑏𝑖,2, ⋯ , 𝑏𝑖,𝑘}. 
3. Calculation 𝑠𝑖 
According to the intra-cluster dissimilarity 𝑎𝑖 and inter-cluster dissimilarity 𝑏𝑖 of the 

data 𝑑𝑖, define the Silhouette Coefficient of the data. 

4. Evaluation 

When 𝑠𝑖 is close to 1, it indicates that the data clustering is reasonable; if 𝑠𝑖 is close 

to -1, the data 𝑑𝑖 should be classified into another cluster; if 𝑠𝑖 is approximately 0, the 

data 𝑑𝑖 is located on the boundary of the two clusters. Generally, the average value of all 

𝑠𝑖 is called the contour coefficient of the clustering result, which is the final metric used 

to evaluate the clustering result. 

 

3.2.2 Electric vehicle charging data clustering process 

 

In this chapter, the clustering of electric vehicle charging data is mainly divided into 

two processes: 

1. Calculate the density value of each electric vehicle charging data point, and deter-

mine the abnormal value according to the density value. The data is divided into k clusters 

in the order of density value, and the center of each cluster is used as the initial center 

point. 

2. Use the initial central point clustering electric vehicle charging data set to obtain k 

charging modes for electric vehicle users. 

In order to protect the safety of electric vehicle charging data during the clustering 

process, this chapter uses differential privacy mechanism. Since this method protects the 

privacy data by adding noise, the randomness of the cluster centers is increased, making 

each cluster center point different from the real center point. Moreover, an inappropriate 
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initial cluster center point may reduce the usability of the results. In addition, there may 

be some data points far away from the central point in the charging data of electric vehi-

cles, and these data points will affect the cluster analysis of the k-means algorithm. These 

factors may further lead to the uncertainty of clustering results. This chapter increases the 

stability of clustering results by detecting outliers and improving the selection of initial 

center points.  

The formula for calculating the distance between the current data point and other data 

points is shown in formula (3.2). Suppose the data set is 𝐷 = {𝑑1, 𝑑2, ⋯ , 𝑑𝑛}, n represents 

the number of data, the current data point is represented by 𝑑𝑖, other data points are rep-

resented by 𝑑𝑙, the number of attribute values of the data point is represented by j, the 

number of data used in this chapter is n, the number of attribute values is 24. 

 

𝑑𝑖𝑠𝑡(𝑑𝑖 , 𝑑𝑙) = √∑ (𝑑𝑖,𝑗 , 𝑑𝑙,𝑗)
224

𝑗=1                                                  (3.2) 

 

Detection of outliers [39]: Data points far from the center point in the electric vehicle 

charging data set are called outliers. When calculating the center point of clustering, iden-

tifying these data outliers can improve the accuracy of clustering results. The density 

value of each data point is expressed by the ratio of the number n of data and the square 

of the distance, and the calculation formula is shown in formula (3.3). 

 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦(𝑑𝑖) =
𝑛

∑ 𝑑𝑖𝑠𝑡2(𝑑𝑖,𝑑𝑙)
𝑛
𝑙=1

                                                     (3.3)   

 

According to formula (3.3), the denser the points near a certain data point, the greater 

the density value of the point. The cluster center points are easily affected by outliers, so 

this chapter sorts the density values of all data points in a decreasing manner. Set the 

outlier parameter to q, identify the 𝑛 ∗ (1 − 𝑞) data points at the end of the sequence as 

outliers, and use the first 𝑛 ∗ 𝑞 data points to calculate the cluster center point. In the 

following cycle, the outliers are still part of the cluster division. 

The selection of the initial center point. By adding noise to the cluster center point 

and providing an approximate value of the center point, the privacy of electric vehicle 

users is protected, but it will cause the new cluster center to be different from the real 

cluster center and affect the stability of the clustering result. Therefore, this chapter im-

proves the accuracy and usability of clustering results by improving the selection of the 

initial center point. First calculate the density of each data point to identify outliers, and 

then divide the data into k clusters in the order of density value, and the center of each 

cluster is used as the initial center point.  

This chapter uses differential privacy protection to reduce the risk of privacy leakage 

by adding noise at the center of the cluster. The Laplacian mechanism is suitable for nu-

merical data and achieves ε-differential privacy by adding random noise matching the 

Laplacian distribution to the result. Reference [25] proposed two methods for setting pri-

vacy protection budget ε under the premise of unknown and known iterations. The num-

ber of iterations of this algorithm is unknown, so we choose to adjust the value of the 
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parameter ε during the clustering process. The value of the privacy protection budget in 

the first iteration is ε 2⁄  and the noise is 𝐿𝑎𝑝(2 (𝑑 + 1) ε⁄ ). The budget consumption of 

each iteration is half of the previous iteration until the end of the iteration. 

In this algorithm, the calculation formula for updating the cluster center point is 

shown in formula (3.4). 

 

   𝑛𝑒𝑤𝑐𝑒𝑛𝑡𝑒𝑟 =
(𝑠𝑢𝑚+𝐿𝑎𝑝(𝑏))

(count+𝐿𝑎𝑝(𝑏))
                                                   (3.4)   

 

Among them, sum represents the sum of the dimensions of the data points, count 

represents the total number of data points, and 𝐿𝑎𝑝(𝑏) represents the noise. 𝑏 = ∆𝑓 ε⁄  , 

∆𝑓 represents the sensitivity of the query function. ε is a privacy protection parameter, 

and represents the amount of noise. The sensitivity of the denominator is 1, and the sen-

sitivity of the numerator is determined by the dimensions of the data set. Add or delete 

points in the d-dimensional data set, the sensitivity of each dimension is 1, and the sensi-

tivity of the molecule is d, then the sensitivity of the entire query sequence is d + 1. The 

dimension of the data used in this chapter is 24, that is, d = 24. 

 

3.2.3 Charge data clustering algorithm 

 

The purpose of privacy-protected data mining [40] is to extract valuable information 

from large amounts of data while protecting the data privacy of users or devices. In order 

to better protect the privacy of electric vehicle users, this chapter uses the improved k-

means clustering algorithm under differential privacy protection to ensure the availability 

of clustering results while protecting data privacy.  

The input data of the algorithm is the data of the number of charging times of the 24-

dimensional electric vehicle after data preprocessing. The output clustering result is k 

charging modes of electric vehicle users. The specific steps of the clustering algorithm 

are as follows: 

1. Traverse all data points and calculate the distance from the current data point to 

other data points. 

2. Calculate the density of data points. 

3. Sort the density values of all data points in order from large to small. 

4. Mark the data points at the end of the queue where density values are sorted as 

outliers. 

5. The data points except the outliers are divided into k clusters in sorted order. 

6. Calculate the initial cluster center point. 

7. Calculate the distance from each point to each center point. 

8. Compare the size to get the minimum distance corresponding to each point, and 

divide it to the corresponding center point. 

9. Calculate the sum of the dimensions of the data points and the total number of data 

points, plus noise. Then calculate and update the center point of each cluster. 

10. If the convergence condition is not satisfied, repeat steps7 to 9; otherwise, output 

the clustering result. 
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3.3 Chapter Summary 

 

This chapter first introduces the electric vehicle charging data to be used, and prepro-

cesses the data. In view of the fact that the analysis process of electric vehicle charging 

behavior is easy to leak user privacy and the amount of data is large, this chapter proposes 

an analysis model of electric vehicle charging behavior and a clustering algorithm of 

charging data. By improving the selection of initial clustering centers and calculating the 

density of each data point to find outliers, the availability of data clustering results is 

ensured under the premise of safety. 
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4 PLANNING AND OPTIMIZATION OF ELECTRIC VEHICLE CHARGING 

 FACILITIES  
 

As the most basic supporting facilities for electric vehicles, rational planning of elec-

tric vehicle charging facilities can help promote electric vehicles and improve the eco-

nomic benefits of charging facilities. On the basis of satisfying the constraints of the dis-

tribution network, the most critical factor affecting the choice of electric vehicle charging 

facility planning options is the social cost of charging facilities. This chapter first analyzes 

the various costs of electric vehicle charging facilities, and then uses the minimum total 

cost of the whole society as the objective function of charging station planning to carry 

out charging station site planning. 

 

4.1 Social cost analysis of charging facilities 

 

The total social cost refers to the total cost of the various production sectors of the 

society. Considering all costs in the entire life cycle of electric vehicle charging stations, 

we can analyze from the perspective of each cost bearer, and the social costs of charging 

facilities are correspondingly divided into charging station institutional costs, user costs 

of electric vehicle users, and grid Line loss cost, the specific frame structure is shown in 

figure 4.1 [44]. 

 

 
 

Figure 4.1 – Total social cost framework of charging facilities 

 

Among them, the institutional cost refers to the cost borne by the construction and 

operation unit; the user cost refers to the cost borne by the electric vehicle user; the line 

loss cost is the cost caused by the power loss of the transmission line during the normal 

operation of the charging station. 

1. Institutional cost of charging stations 

Institutional costs mainly include construction investment costs and operation and 

maintenance costs [41]. If the institutional cost corresponding to the i-th charging station 

is 𝐶𝑜𝑖, the annual construction investment cost is 𝐶𝑐𝑖, the annual operation and mainte-

nance cost is 𝐶𝑚𝑖. The institutional cost is shown in formula (4.1): 
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𝐶𝑜𝑖 = 𝐶𝑐𝑖 + 𝐶𝑚𝑖                                                             (4.1) 

 

The annual construction investment cost of the i-th charging station is shown in for-

mula (4.2): 

 

𝐶𝑐𝑖 = (𝑚𝑖𝑏 + 𝑤𝐸𝑉)
𝑟0(1+𝑟0)

𝑧

(1+𝑟0)
𝑧−1

                                             (4.2) 

 

Among them, 𝑚𝑖 represents the number of charging piles in the i-th charging station, 

b represents the price of each charging station, 𝑤𝐸𝑉 represents the cost of the fixed in-

vestment portion of each charging station, 𝑟0 represents the discount rate, and z represents 

the operating life of the charging station. 

The maintenance cost during the operation period mainly includes the maintenance 

cost and wage and welfare cost of various types of equipment. It is generally considered 

that this cost is proportional to the previous construction investment cost. The ratio is set 

to 𝜂𝑚, and the annual operation and maintenance cost of the i-th charging station is shown 

in formula (4.3): 

𝐶𝑚𝑖 = 𝜂𝑚𝐶𝑐𝑖                                                             (4.3) 

 

2. Cost of charging station users 

The user cost is mainly composed of the cost of empty driving power and the cost of 

empty driving time from the point of charging demand to the charging station [41]. If the 

user cost of the charging station is 𝐶𝑢𝑖, it is shown in formula (4.4): 

 

𝐶𝑢𝑖 = 𝐶𝑒𝑖 + 𝐶𝑡𝑖                                                             (4.4) 

 

Among them, 𝐶𝑒𝑖 represents the idling power cost of electric vehicle users, and 𝐶𝑡𝑖 
represents the idling time cost. 

The user's annual comprehensive empty driving electricity cost of the i-th charging 

station is shown in formula (4.5): 

 

𝐶𝑒𝑖 =
∑ (𝑑𝑖,𝑗×𝑁𝑒𝑣𝑗)
𝑁𝑐𝑖
𝑗=1

𝐿𝐸𝑉
× 𝑝 × 365                                             (4.5) 

 

Among them, 𝑁𝑐𝑖 represents the number of electric vehicle charging demand points 

in the service area of the i-th charging station; 𝑑𝑖,𝑗  represents the distance from charging 

demand point j to charging station i; 𝑁𝑒𝑣𝑗 represents the number of vehicles included in 

charging demand point j, 𝐿𝐸𝑉 represents electric The mileage traveled per unit of elec-

tricity consumed by the car, p is the charging price of the electric car. 

The formula for calculating the distance from the charging demand point to the charg-

ing station is shown in formula (4.6). Among them, (𝑥𝑖 , 𝑦𝑖) represents the position of the 

charging station i in the road network; (𝑥𝑗 , 𝑦𝑗) represents the coordinates of the charging 

demand point j. 
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𝑑𝑖,𝑗 = √(𝑥𝑖 − 𝑥𝑗)
2
+ (𝑦𝑖 − 𝑦𝑗)

2
                                                 (4.6) 

 

 

The cost of the user ’s annual comprehensive empty driving time for the i-th charging 

station is shown in formula (4.7): 

 

𝐶𝑡𝑖 =
∑ (𝑑𝑖,𝑗×𝑁𝑒𝑣𝑗)
𝑁𝑐𝑖
𝑗=1

𝑣𝐸𝑉
× 𝑐𝑤 × 365                                             (4.7) 

 

Among them, 𝑣𝐸𝑉 represents the average driving speed of electric vehicles; 𝑐𝑤 repre-

sents the cost per unit time for users to travel. 

3. Line loss cost 

In the transmission process of the transmission line, the energy loss caused by the 

impedance of the line is called line loss [44]. The calculation formula of line loss is shown 

in formula (4.8): 

 

∆𝑝 = 3𝐼2𝑅 × 10−3                                                            (4.8) 

 

Among them, ∆𝑝 represents the line loss, the unit is kW, I represents the current in 

the circuit, the unit is A, and R represents the resistance in the line, the unit is Ω (4.9): 

 

𝑅 = 𝜌
𝑙

𝑆
                                                                         (4.9) 

 

Among them, 𝜌 represents the resistivity of the line material, l represents the length 

of the line, and S represents the cross-sectional area of the line material. 

It can be seen from the above two formulas that when the transmission line material 

is determined, the resistance R is proportional to the line length l, so the line loss cost of 

the electric vehicle charging station is mainly determined by the distance between the 

charging station and the node of the local distribution network. China's power grid con-

figuration is relatively complete, so when building a charging station, you can find the 

distribution network nodes with a short distance, so the impact of line losses is small. 

 

4.2 Planning model for charging facilities 

 

4.2.1 Assumptions 

 

In order to facilitate research, the assumptions are as follows: 

1. Demand point refers to all electric car users in a small area centered on this point. 

Demand refers to the number of all electric cars that need to be charged within this range. 

2. Each charging facility has the same level and uses the same charging pile. 

3. The vehicle type and battery type are the same. 

4. Regardless of traffic delays, power consumption due to road conditions. 
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5. Regardless of the preferences of electric vehicle users, they will choose the charg-

ing facility with the closest starting point. 

 

4.2.2 Objective function 

 

The planning of charging stations mainly includes the determination of the number 

and the selection of the location. The institutional cost of charging stations is in contra-

diction with the cost of users. The relationship between institutional cost and user cost is 

shown in figure 4.2. From the perspective of the charging station, increasing the number 

can improve service efficiency, but at the same time will increase construction costs and 

operation and maintenance costs. If the number of charging stations is relatively small, 

service efficiency will be reduced, and the convenience of charging for electric vehicle 

users cannot be guaranteed. From the user's perspective, in order to enjoy convenient 

charging services, charging stations should be added, which can reduce the cost of the 

user's charging process. Therefore, the cost of the organization and the cost of users 

should be comprehensively considered to optimize the overall situation. 

 

 
 

Figure 4.2 – The impact of the number of charging stations on cost 

 

This paper considers the cost of charging station organization and the cost of electric 

vehicle users comprehensively, and finds the optimal number of charging stations corre-

sponding to the minimum social cost as the optimization goal, and takes the minimum 

total cost of the whole society as the objective function of charging station planning [44], 

the calculation formula is shown in formula (4.10): 

 

𝑚𝑖𝑛𝐶 = ∑ (𝐶𝑜𝑖 + 𝐶𝑢𝑖)
𝑁
𝑖=1                                                       (4.10) 

 

Among them, C represents the total social total cost converted to each year; N repre-

sents the total number of charging stations; 𝐶𝑜𝑖 represents the institutional cost corre-

sponding to the i-th charging station; 𝐶𝑢𝑖 represents the user cost corresponding to the i-

th charging station. 
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4.2.3 Planning of charging facilities  

 

The k-means clustering algorithm has the advantages of simplicity, efficiency, and 

ease of implementation, and is suitable for such clustering problems with large amounts 

of data. The k-means clustering algorithm needs to manually set the number k of cluster-

ing centers. The choice of k value in this chapter also needs to consider the influence of 

institutional cost, that is, the increase of k value will increase the construction investment 

cost and operation and maintenance cost of the charging station. Therefore, when the k 

value is increased for a certain time, the increase in institutional cost is greater than the 

decrease in user cost, and the k value at this time represents the optimal number of charg-

ing stations. 

Since the clustering result is more sensitive to the selection of the initial clustering 

center, an inappropriate initial center point may reduce the usability of the result. There-

fore, this chapter improves the usability of clustering results by improving the selection 

of initial center points. 

The detailed steps to improve the k-means clustering algorithm are as follows: 

1. Enter the relevant data of the charging demand point and initialize 𝑘 = 1. 

2. Traverse all the demand points, calculate the distance from each point to other 

points, and calculate the density value of each point. 

3. Sort the density values of all data points. 

4. Divide the sorted data points into k clusters, and calculate the center of each cluster 

as the initial center point. 

5. Calculate the cost of charging each remaining demand point to each charging sta-

tion, and classify the demand point to the corresponding charging station with the lowest 

cost. 

6. Calculate and update the center point of each class. 

7. Repeat Step 5 and Step 6 until the new center point is equal to the original center 

point or the gap is less than the specified value, and record the charging station coordi-

nates and social cost at this time. 

8. If 𝑘 = 1, then 𝑘 = 𝑘 + 1, return to step 2. Otherwise, proceed to the next step. 

9. If 𝐶𝑘 < 𝐶𝑘−1, then 𝑘 = 𝑘 + 1, return to step 2; otherwise, output 𝐶𝑘 and the current 

position coordinates of each charging station to end. 

 

4.3 Chapter summary 

 

This chapter analyzes the three parts of the total social cost of electric vehicle charging 

stations, and gives a charging facility planning model, including assumptions and objec-

tive function. The optimal number of charging stations corresponding to the smallest so-

cial cost is taken as the optimization goal, and the minimum total cost of the whole society 

is taken as the objective function of charging station planning. Finally, a solution method 

based on improved k-means clustering algorithm is proposed, and the steps of the algo-

rithm are introduced. 
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5 EXPERIMENT ANALYSIS 

 

5.1 Related experiments on charging behavior analysis of electric vehicles 

 

5.1.1 Selection of the number k of clusters 

 

When k takes different values, the data of electric vehicle charging times after data 

preprocessing is used for cluster analysis. The silhouette coefficient values corresponding 

to different k values are shown in table 5.1. It can be found from the data in table 5.1 that 

when k takes 5, the silhouette coefficient value is the largest, that is, the best clustering 

result is achieved. Therefore, choose k = 5. 

 

Table 5.1 – Silhouette coefficient values with different k values, % 

 
k 3 4 5 6 7 8 

Silhouette 

Coefficient  
55.82 56.87 57.62 55.16 55.67 32.17 

 

5.1.2 Experimental results of electric vehicle data cluster analysis 

 

According to the electric vehicle charging behavior analysis model mentioned above, 

the preprocessed data of the input data is used to use the electric vehicle charging data 

clustering algorithm, and the resulting clustering result is shown in figure 5.1. 

 

 
 

Figure 5.1 – Clustering results of the proposed algorithm for charging behavior 

in Chapter 3 

 

Figure 5.1 shows that the charging times data obtained 5 user charging modes after 

cluster analysis of the algorithm proposed in this article. From figure 5.1, you can analyze 
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the different charging habits of each user. It can be seen that the charging time of charging 

mode 1 is relatively concentrated, reaching a peak at 9 o'clock. Compared with charging 

mode 1, charging mode 2 has an hour delay and a lower peak value, reaching the peak at 

10 o'clock. The charging time of charging mode 3 is more scattered, mainly between 9 

o'clock and 20 o'clock, and there are two peaks at 14 o'clock and 17 o'clock. The charging 

time of charging mode 4 is mainly concentrated in the evening, reaching a peak at 23:00. 

Charging mode 5 has less charging, especially in the early morning hours. The charging 

time is evenly distributed, and the overall fluctuation is not large [3]. 

According to the charging behavior characteristics of each type of user, the power 

service provider can understand the individualized and differentiated service needs of 

each user, thereby providing differentiated services and marketing strategies for different 

types of users. For example, users corresponding to charging mode 3 have more accumu-

lated charging times, which can provide them with more convenient and faster charging 

services to improve the satisfaction of such users. The charging time of the two types of 

users corresponding to charging mode 1 and charging mode 2 is concentrated around 9:10 

in the morning. You can use time-sharing tariffs and other preferential policies to encour-

age electric vehicles to charge during low peak hours and support related decisions about 

dispatch management. The users corresponding to charging mode 4 are mostly charged 

at night, which is the trough period of the grid load, so it can provide some differentiated 

services and reduce user churn. The users corresponding to charging mode 5 have fewer 

charging times and belong to the potential user group. These users should be maintained, 

take active marketing programs, and encourage their charging to improve their charging 

and consumption capabilities (figure 5.2). 

 

 
 

Figure 5.2 – Clustering results of k-means algorithm for charging behavior 

 

In order to verify the effectiveness of the clustering algorithm obtained in this chapter, 

this chapter also uses the k-means clustering algorithm to cluster the same data. The clus-

tering results are shown in figure 5.2. By comparing the charging behavior characteristic 
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curves in figure 5.1 and figure 5.2, it can be seen that although the clustering algorithms 

used in the two figures are different, the trend of the user's charging mode can be ana-

lyzed. Reference [3] uses k-means clustering algorithm to perform cluster analysis on 

electric vehicle charging data, which shows the effectiveness of k-means algorithm, 

which also shows that the algorithm proposed in this chapter is effective. 

 

5.2 Related experiments on electric vehicle charging facility planning 

 

In order to verify the effectiveness of the proposed algorithm and model in Chapter 

4, the area of a new district of a city is now used as a calculation example. There are 24 

demand points in the 50km * 50km plane area. Table 5.2 lists the related parameters of 

electric vehicles and charging stations [41,44]. The horizontal and vertical coordinates of 

the charging demand point and the number of electric vehicles required for charging are 

shown in table 5.3. 

 

Table 5.2 – Related parameters of electric vehicles and charging stations 

 

Parameter Symbol Numerical value Unit 

Fixed investment cost of charging station 𝑤𝐸𝑉 80 
Ten thousand 

yuan 

Electricity price in the area p 0.8 yuan 

User travel time value 𝑐𝑤 17 yuan/hour 

The mileage of electric vehicles consum-

ing unit electricity 
𝐿𝐸𝑉 6.6 km 

Average speed of electric vehicles 𝑣𝐸𝑉 36 km/h 

Charging station operating years z 20 year 

Charging pile unit price b 5 
Ten thousand 

yuan 

Number of charging piles in the i-th 

charging station 
𝑚𝑖 5-20 station 

Discount rate 𝑟0 0.1 / 

Maintenance cost scale factor 𝜂𝑚 0.9 / 

 

According to the data in table 5.2 and table 5.3, the algorithm proposed in Chapter 4 

was used to conduct experiments on MATLAB to calculate the location of the charging 

station.  
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Table 5.3 – Charging demand information 

 

Demand point number Abscissa 𝑥𝑗, km Ordinate 𝑦𝑗, km 
Number of charging 

needs 

1 0.5 32.6 19 

2 1.1 4.9 20 

3 20.1 19.8 15 

4 10.6 0.5 13 

5 21.0 41.9 16 

6 4.1 36.4 15 

7 26.8 5.0 23 

8 21.5 27.2 22 

9 30.5 5.4 24 

10 4.6 41.7 16 

11 35.1 7.8 18 

12 24.9 21.9 15 

13 6.5 32.3 18 

14 8.0 27.3 17 

15 45.6 40.4 20 

16 10.1 43.8 10 

17 41.8 3.9 12 

18 48.2 44.3 19 

19 48.5 46.2 26 

20 10.8 45.5 12 

21 47.2 23.8 30 

22 44.8 5.3 12 

23 25.2 25.5 24 

24 46.4 8.1 11 

 

The result is shown in figure 5.3. 

 

 
 

Figure 5.3 – Location and service area of electric vehicle charging stations 
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The social cost obtained by the improved k-means clustering algorithm is shown in 

table 5.4. It can be found from the data in the table that when the number of charging 

stations is 3, the total social cost is the smallest, which is the optimal charging station 

planning scheme. As the number of charging stations increases, the institutional costs 

(annual construction costs and annual operation and maintenance costs) of charging sta-

tions also increase, which is approximately linearly related to the number of charging 

stations. With the increase in the number of charging stations, the cost of charging station 

users (annual empty driving power cost and annual empty driving time cost) is decreasing. 

As the number of charging stations increases, the total social cost decreases first and then 

increases. 

 

Table 5.4 – The social cost corresponding to the number of different charging stations  

 

Number of 

charging sta-

tions 

Annual con-

struction cost, 

ten thousand 

yuan 

Annual opera-

tion and mainte-

nance cost, ten 

thousand yuan 

Annual empty 

driving power 

cost, ten thou-

sand yuan 

Annual air-

driving time 

cost, ten 

thousand 

yuan 

Social cost, 

ten thousand 

yuan 

1 14.10  12.69  39.06  152.18  218.03  

2 28.19  25.37  29.79  116.05  199.40  

3 42.29  38.06  20.73  80.74  181.81  

4 56.38  50.74  17.84  69.49  194.44  

 

5.3 Chapter summary 

 

In this chapter, we first analyze and experiment with the models and algorithms given 

in Chapter 3, and use the actual charging data after preprocessing to conduct experiments, 

and determine the number of clusters k by the contour coefficient. Then the DP k-means 

algorithm is used to experiment on the same data set. This chapter also draws out the 

charging modes of electric vehicle users, and analyzes the charging characteristics of each 

user mode in detail. This chapter also conducts experiments on the charging station plan-

ning model given in Chapter 4 and performs simulation calculations on an example to 

obtain the optimal solution of the charging station planning in a certain area, which veri-

fies the effectiveness of the algorithm. Then it analyzes the changing trend of institutional 

cost, user cost and total cost as the number of charging stations increases. 
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6 USE OF RESULTS OF A RESEARCH IN THE POWER INDUSTRY  

         EQUIPMENT  
      

6.1 The analysis strengths and weaknesses of technology, opportunities 

            and threats of its application 

 

SWOT is an abbreviation for Strengths, Weaknesses, Opportunities and Threats. 

SWOT analysis is actually a method to synthesize and summarize all aspects of internal 

and external conditions of the enterprise, and then analyze the advantages and disad-

vantages of the organization, opportunities and threats. It organically combines the com-

pany's strategy with its internal resources and external environment.  

1. Strengths (S) refers to the ability of an enterprise to surpass its competitors, or 

refers to something unique to the enterprise that can improve competitiveness. The 

strengths can be in the following aspects: technical skills, tangible assets, intangible assets, 

etc. 

2. Weaknesses (W) refers to something that a certain enterprise lacks or does not do 

well, or refers to a condition that will put the enterprise at a disadvantage. The factors that 

may lead to weakness are: lack of competitive skills and technologies, lack of competitive 

assets, and the loss of competitiveness in key areas. 

3. Opportunities (O). Enterprise managers should identify each opportunity, evaluate 

the growth and profit prospects of each opportunity, and select the best opportunities that 

can match their own financial and organizational resources to maximize the potential of 

the company's competitive advantage. 

4. Threats (T). In the external environment of an enterprise, there are always certain 

factors that pose a threat to profitability and market position. Managers should promptly 

identify threats that threaten the future interests of the enterprise, make evaluations and 

take corresponding strategic actions to offset or mitigate their impact. 

The steps of SWOT analysis: 

1. List the strengths and weaknesses, opportunities and threats of the enterprise. 

2. Combine the advantages and disadvantages of the enterprise with the opportunities 

and threats of the external environment to form SO, ST, WO, and WT strategies.  

3. Choose SO, ST, WO, and WT strategies and determine the specific strategies that 

the enterprise should adopt. 

The promotion of electric vehicles helps to alleviate energy shortages and environ-

mental pollution problems. The charging behavior of electric vehicles is characterized by 

randomness, which may bring many effects to the power grid [1]. With the development 

of the competitive charging market, accurately understanding user charging behavior pat-

terns has become a valuable asset for power service providers [2]. Therefore, analyzing 

the charging behavior data can lay the foundation for the charging and discharging sched-

uling strategy of electric vehicles. Charging facilities are important facilities for providing 

charging services for electric vehicles. With the acceleration of the construction of charg-

ing facilities, it will drive the enthusiasm of potential users to purchase. The key to the 

industrialization of electric vehicles is to optimize the planning of charging facilities and 

improve their related theories, which can provide technical and theoretical support for the 
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actual planning work and contribute to the development of electric vehicles. The SWOT 

matrix analysis combined with the techniques of this paper is shown in table 6.1. 

 

Table 6.1 – SWOT matrix analysis of technology in this paper 

 
 

 

 

       Internal factor 

 

 

 

 

 

 

 

 

 

External factor 

Strength Weaknes 

1. Energy saving, environmental 

protection and clean energy. 

2. Improve the reliability and econ-

omy of power grid operation. 

3. Lay the foundation for charge and 

discharge scheduling of electric ve-

hicles. 

4. Protect user privacy of electric ve-

hicles. 

5. Improve the economic benefits of 

charging facilities. 

6. Promote the formation of the elec-

tric vehicle ecosystem. 

1. The amount of data is 

insufficient. 

2. The charging facility 

planning scheme is not 

perfect. 

Opportunities SO WO 

1. Electric vehicles are valued by 

countries all over the world.  

2. China has introduced many pref-

erential policies related to electric 

vehicles. 

3. The number of electric vehicles in 

China is increasing, and the scale of 

charging facilities is also expanding. 

1. Promote the popularity of electric 

vehicles. 

2. Provide users with personalized 

services, and increase satisfaction. 

3. Guide charging behavior, and 

maintain the safety and stability of 

the power grid. 

4. Alleviate the tension of data leak-

age and protect user privacy. 

1. With the popularity of 

electric vehicles and the 

improvement of charg-

ing facilities, more data 

can be used for analysis. 

2. Speed up the con-

struction of supporting 

facilities. 

Threats ST WT 

1. Electric vehicles are in the initial 

stage of development. 

2. The application of automotive 

electronic technology needs further 

research and development 

3. Imperfect supporting facilities. 

4. The market recognition of electric 

vehicles is not high. 

1. Accelerate the research of related 

technologies. 

2. Provide convenient charging 

methods to drive potential users' 

purchase enthusiasm. 

3. Innovate business operation 

models and build reasonable charg-

ing facilities. 

1. Establish an electric 

vehicle technology plat-

form. 

2. Increase the research 

and development of 

electric vehicles. 

 

Electric vehicles are now in the initial stage of development, and electric vehicles are 

very important for achieving energy transformation in the transportation field. At the 

same time, China has introduced many preferential policies related to electric vehicles, 

which has greatly promoted the share of electric vehicles. Moreover, the number of elec-

tric vehicles and charging facilities is increasing. The application of research and devel-

opment informatization and intelligent automotive electronic technology, the improve-

ment of the construction of charging facilities, and the provision of convenient services 

to users can promote the formation of an electric vehicle ecosystem and help alleviate 

energy shortages and environmental pollution. 
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6.2 Gantt's schedule of actions for implementation of technology in the power 

            industry equipment  

 

According to the framework of the paper, I divided the research into the following 

parts, as shown in table 6.2. Electric vehicles have the advantages of energy conservation, 

environmental protection and clean energy use, and are gradually being valued by coun-

tries all over the world. Vigorous development of electric vehicles is very important for 

the comprehensive transformation of energy in the transportation field. In order to reduce 

the impact of large-scale electric vehicle access on the grid [1], analyzing the charging 

behavior of electric vehicles can improve the reliability and economy of grid operation 

[2]. As the most basic supporting facilities for electric vehicles, charging facilities can be 

rationally planned to promote the formation of an electric vehicle ecosystem. 

 

Table 6.2 – Gantt's schedule of actions for implementation of technology in the power 

industry equipment 

 
Research and Project 

stages 
Performers 

Period of implementation of the project 
2019 - 2020, month 

1 2 
3 

9 10 11 12 1 2 3 4 5 

1. Development 
of introduction. 

Z. Liu          

2. Search for 

references 
Z. Liu          

3. Analysis of electric 

vehicle charging behav-

ior 

Z. Liu          

4. Planning and optimi-

zation of electric vehicle 

charging facilities 

Z. Liu          

5.Experimentalize Z. Liu          

6. Analysis of Experi-

ment results 
Z. Liu          

7. SWOT-analysis and 

Gant's schedule 

А. Аlabugin 

Z. Liu 
         

8. Prepare PPT 

А. Аlabugin 

R. Alabugina 

Z. Liu 

         

9. Finish final thesis 

А. Аlabugin 

R. Alabugina 

Z. Liu 

         

10. Registration of 

SUSU TW 

R. Alabugina 

Z. Liu 
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7 SUMMARY AND OUTLOOK 

 

With the development of the electric vehicle industry and the acceleration of the con-

struction of charging facilities, electric vehicles are connected to the power grid on a large 

scale, which may bring many potential risks to the power grid. The analysis of the charg-

ing behavior of electric vehicles and the optimization of charging facility planning can 

provide technical and theoretical support for actual analysis and planning, help improve 

charging services and guide charging behavior, and further promote electric vehicles. The 

foundation of charging and discharging scheduling can improve the economic benefits of 

charging facilities, accelerate the formation of an electric vehicle ecosystem, and maintain 

the safety and stability of the power grid. The main work completed is as follows: 

1. Aiming at the adverse effect of randomly selecting the initial center point in the k-

means algorithm on the clustering results, and in order to protect the privacy of data, an 

electric vehicle charging data clustering algorithm under differential privacy protection is 

proposed. The selection and detection of outliers improve the accuracy and usability of 

clustering results under the premise of safety. 

2. For the problem that the random charging behavior of electric vehicles may affect 

the stability of the power grid, by analyzing the real charging data, it is understood that 

different users and cities have different charging behavior characteristics, and the data is 

preprocessed. Then, an electric vehicle charging behavior analysis model is designed, the 

cluster coefficient k is determined by the contour coefficient, the pre-processed charging 

data is clustered, and five user charging modes are obtained, and the charging character-

istics of each type of user are analyzed. The k-means algorithm is also used to cluster on 

the same data, and the effectiveness of the algorithm is proved by the comparison results. 

3. According to the planning needs of electric vehicle charging facilities, the compo-

sition factors of charging facilities' social costs are analyzed. A charging facility planning 

method based on improved k-means algorithm is proposed. Through the analysis experi-

ment of the example, the optimal solution of charging facility planning is obtained, which 

proves the feasibility of the proposed method. Through experimental results, it is found 

that with the increase in the number of charging stations, the cost of the organization will 

increase, the cost of users will decrease, and the total social cost will decrease first and 

then increase. 

4. Combined with the method proposed in this article, SWOT matrix analysis was 

carried out, which list the strengths, weaknesses, opportunities and threats. Moreover, 

according to the structure of this article, the Gantt timetable was established.  

With the popularity of electric vehicles and the continuous expansion of the scale of 

charging facilities, the amount of data for analyzing charging behavior will become larger 

and larger, and the planning of charging facilities will have longer-term value. Subsequent 

research work can be carried out from the following aspects: 

1) Analyze the influence of various factors such as season and temperature on the 

charging behavior of electric vehicles, and study the charging and discharging guidance 

and scheduling strategies of electric vehicles in conjunction with the charging behavior, 

which is of great significance for maintaining the safety and stability of the power grid. 

2) In the study of charging facility planning in this paper, there is no planning related 
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to the capacity of charging stations. In the follow-up work, you can study the related fixed 

volume methods and establish a complete planning plan for charging facilities. 
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