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Abstract
The construction layout of charging piles restricts the rapidly development of EVs. To address this
area, this paper first simulates the current layout of charging piles in Beijing and finds that there is an
unbalanced distribution problem of oversupply and idle resources. Then, based on the current
situation, this study takes the total charge station construction cost as the objective function and
unfolds in three levels, using MIP for conditional constraints. Finally, an improved particle swarm
algorithm is employed to simulate electric vehicles by generating demand points in the region to
obtain the optimum location of charging stations. This method overcomes the limitation of using static
data in traditional research, and the simulation can reflect the dynamic law of electric vehicle
operation, which is more consistent with the real situation. The calculation results show that the
method adopted in this study can reasonably plan the layout of charging stations, relieve the charging
pressure of some charging stations, and minimize the overall service cost of new charging stations
based on the continuation of the existing layout.
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1. INTRODUCTION
Transportation industry is an important branch of national economic development. Recently,
with the progress of urban construction and high speed of economic operation, China's car
ownership has been increasing, which also drives the development of economy to a certain
extent. However, with the development of automobile industry, it also faces the problems of
environmental pollution and energy shortage. The urgent demand for petroleum resources by
traditional cars has a serious negative impact on the environment, which is contrary to the
economic concept of green travel and sustainable development. The emergence of electric
vehicles has brought a new breakthrough to solve these two problems. It can get rid of the
dependence on petroleum resources and reduce air and noise pollution [1]. Therefore,
promoting the transition from traditional gasoline vehicles to electric vehicles has become an
important task for the automotive industry.
At present, with the vigorous implementation of new energy vehicles in China, the
backwardness of electric vehicle charging infrastructure has been a key element restricting the
development of electric vehicles. As the fundamental charging facility construction of electric
vehicles in China has just started, the demand and actual distribution of electric vehicles have
not yet been unified, and the layout planning of charging facilities has not formed a scientific
theoretical system. Therefore, in the actual construction process, some charging facilities are
idle and cannot be fully utilized; some charging facilities are in short supply and resources are
tight. Therefore, it is very necessary to form a set of scientific, reasonable and practical
planning and construction system of charging facilities network to realize the rational use of
resources, meet the growing charging demand and promote the expansion of electric vehicle
industry.
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2. LITERATURE REVIEW
In this paper, the following three aspects of EV charging station research are reviewed:
(1) Electric vehicle charging demand prediction; (2) The location of charging facilities based
on mathematical models; (3) The location of charging facilities based on big data simulation
and statistical research.
2.1 Electric vehicle charging demand prediction
In the study of optimizing the layout of charging facilities, the first step is to estimate the
charging requirements. In the absence of actual EV travel data, previous studies usually use
static statistics as the basis for calculating charging demand. For instance, Kou et al. [2] used
the size of population to approximate the electric vehicle charging requirements. Luo et al. [3]
used a gray prediction model to build an EV ownership prediction model based on the
national civil vehicle ownership statistics. Gompertz model was used by Ma et al. [4] to
forecast the number of provincial car ownership between 2018 and 2050 in China. SadeghiBarzani et al. [5] used vehicle ownership as a proxy for estimating charging demand. Zhang et
al. [6] used a cluster prediction method based on the clustering of charging curves to improve
the precision of EV charging demand prediction. Although it is relatively easy to obtain static
statistics, measurements based on static data such as GDP, number of inhabitants, car
ownership, etc. cannot accurately reflect the dynamic changes in the number of EVs and
charging demand. In recent years, more and more studies have been carried out to provide an
analysis of the charging demand for electric vehicles based on actual traffic data. For
example, Xing et al. [7] proposed a data-driven charging needs prediction model for electric
vehicles, using the real trajectory data of Didi to predict the changes in electric vehicle
charging demand on different dates and functional areas.
2.2 The location of charging facilities based on mathematical models
Currently, the research of EV charging station siting based on operations research is very
common. The commonly used models include the following.
In terms of charging facility siting studies, the flow refuelling location model is widely
used. Kuby et al. integrated the mileage parameters and established a flow refuelling location
model [8, 9]. In this model, the authors used the mileage limit as the basic constraint of the
model and considered the backflow case. However, the model does not consider the upper
limit of the energy supply capacity of the charging station. Therefore, the optimal solution
may not be solved. Upchurch and Kuby took limited energy constraints as a consideration,
which enabled the model to perform well in large-scale site selection, and named it the limited
flow refuelling location model [10]. However, this model ignores the differences in customer
needs and violates the laws of reality to a certain extent. In addition to the above methods,
queuing theory, as a mathematical method used in the working process of random service
systems, has also been applied many times in the location of charging facilities. Zhu et al. [11]
used a queueing theory approach to calculate the charging stations capacity considering the
non-random and random arrival of electric vehicles at charging stations. They proposed a
charging station planning model and divided the service area of charging stations using
Voronoi diagram. Previous studies in the field of electric vehicles have used queuing theory
to simulate the time of arrival and departure of electric vehicles to estimate the capacity of
V2G. However, most of them did not take into account the limitations of the queuing system.
Varshosaz et al. [12] considered balancing, rescheduling, and re-examination in a finite source
queuing network and proposed a queuing model-based service scheduling method before the
charging station day.
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In additional to the above methods, other modelling approaches have been widely used in
the siting of charging facilities. Hosseini and Sarder combined qualitative and quantitative
analysis to develop a BN model considering subjective and objective factors to plan the layout
and location of stations [13]. Hua and Xu developed a mobile EV maximum coverage model
with minimum budget cost as an objective function to identify the number and the layout of
both the charging stations and EVs [14].
Liu et al. [15] mainly analysed related factors such as geographic environment, and then
screened and optimised the charging station sites, and built a model for the most optimal
position and capacity on this basis. Chen et al. studied the process of electric taxi power
changes over time [16], taking customer travel distance as the objective function, and then
constructing a scientific and effective mathematical model of charging location. Yang et al.
conducted an in-depth analysis of passenger charging characteristics and habits, and mainly
used nested and polynomial driving to construct a mathematical model [17]. Hu et al. [18]
presented a newly integrated MCDM method to determine the most appropriate site from
multiple interrelated standards. Among them, the gray DEMATEL approach is applied to
determine the weights of the criteria, and the UL-MULTIMOORA method is used to assess
and to pick the best sites.
2.3 The location of charging facilities based on big data simulation and statistical
research
Recently, big data and simulation technology are gradually being adopted to the layout of EV
charging stations planning. Awasthi et al. [19] combined genetic algorithm with an improved
traditional PSO, and used a hybrid algorithm to optimise the charging station in the Allahabad
power distribution system. Similarly, Li and Wen [20] studied the dynamic job shop
scheduling problem under random dynamic event disturbances and solved it using PSO.
Baouche et al. introduced a way of allocating charging stations in the actual network.
According to the travel OD matrix information, the energy demand is calculated and input as
a parameter to an integer linear optimization procedure to decide the layout of stations [21].
Hui et al. [22] built a simulation model to optimize charging station planning with the aim of
cost and customer loss minimization by considering the stochastic nature of charging demand
and customer satisfaction factors, and used a two-stage simulation optimization algorithm for
solution. González et al. analysed the temporal and spatial distribution of charging demand,
established a simulation model, and decided the placement of EV stations on the basis of
statistical analysis [23]. Chen et al. collected tens of thousands of residential travel and
parking information, used regression analysis to predict demand, and established a mixedinteger programming model to plan the layout of stations [24]. Li et al. [25] also used the PSO
to optimize the layout of EV charging stations to identify the number and location, which
proved to be superior to the traditional k-means algorithm. Suryani et al. [26] created a
simulation model for urban transportation planning based on system dynamics, performed a
case study and drew conclusions.

3. MODEL ESTABLISHMENT
This chapter mainly establishes the location optimization model and constraint conditions of
EV charging stations. The model’s objective function in this thesis is set to minimise the total
cost. According to the attributes and operation analysis of EV charging stations, the overall
cost of station construction can be categorized into three categories: construction cost,
operation cost and time cost. The operation cost can be classified into personnel cost, daily
maintenance cost and administration cost; the time cost can be classified into the timeconsuming cost on the charging journey and the time cost of waiting in line (see Fig. 1).
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Figure 1: Total cost of charging station.

(1) Construction and operation costs
Construction cost can define as the construction cost of EV charging stations, including
infrastructure procurement, site selection, equipment procurement costs, utilities, regulatory
system, etc. In addition to fixed costs, construction costs are mainly related to the quantity of
facilities in the station. The more charging facilities there are, the higher the construction cost.
Operation cost refers to the expenses of the toll station in the actual operation process,
including personnel cost, daily maintenance cost, daily income and expenditure management
cost, etc.
(2) Time cost
The time-consuming cost of the charging process is the time it takes the customer to get
from the demand location to the charging point. Typically, it is proportional to the length of
the journey between the demand site and the service site. The further the distance, the higher
the cost. Therefore, a reasonable EV charging station can effectively reduce the cost of
customer's time on the road and improve customer convenience. The annual cost of queuing is
the cost of queuing when the customer arrives at the demand site. In the actual charging
queuing process, each charging station can be considered as a complete queuing system,
which satisfies the M/M/S model. The customer arrival time obeys a Poisson distribution,
while the toll process obeys a negative exponential distribution.
Before analysing the model, we first set some assumptions of the problem to make the
model feasible and feasible solutions. 1. The annual construction and operating cost of all
charging stations are determined and known; 2. The upper limit of the service capacity of the
station is known; 3. There are limited number of charging station service centres.
Table I gives the meanings and symbols of the parameters in the layout evaluation
problem.
The target function for this issue is the total cost of building an EV charging station:
(1)
(2)
(3)
(4)
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Table I: Parameters setting.
Serial
number
1
2
3

Variable
name
Zcost
Fc1
Fc2

4
5

Fc3

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

n

m

P

d

α

Variable description
The total cost of building an EV charging station
Construction and operating costs of EV charging stations
Electricity and time-consuming costs of electric vehicles on their way to
charging stations
Cost of waiting in line at EV charging stations
The annual construction cost function of charging station j. Related to the
number of charging facilities in the station
The annual operating cost function of charging station j. Including personnel
costs, maintenance costs, management costs
Fixed investment costs of infrastructure such as land fees
Discount rate
Depreciation period
Conversion factor of tortuous path between straight line distance and actual
distance
The straight-line distance from EV i to charging station j
The number of electric vehicles that need to be charged daily
Average power consumption per kilometre
Charging price
Travel time cost
Expectation of waiting time in line at charging station j
Charger service intensity
Probability that all chargers are idle
Electric vehicle arrival rate
The abscissa of the location of the electric car
The ordinate of the location of the electric car
The abscissa of the location of the EV charging station
The ordinate of the location of the EV charging station
Total charging demand in the planned area
Maximum capacity of charging station
Minimum capacity of charging station
The distance from the user to the charging point
Charging station service radius
The distance between two charging stations
Number of electric vehicles within the service range of charging station j
Number of charging devices in charging station j
Maximum simultaneous charging rate of electric vehicles

Each electric vehicle charging station can be described as a queuing system, and can be
attributed to the M/M/S model. The expectation and cost of waiting time for electric vehicles
are:
(5)

(6)
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Among them, Zij can only take 0 or 1. When its value is 1, it means that the user at demand
point j will choose to charge at candidate location i; when its value is 0, the opposite is true.
Specifically, the constraints of the model are as follows:
Constraint (7) indicates that the charging capacity in the area served by charging station
should be greater than the maximum charging demand:
(7)
Constraint (8) means that the maximum radius of service of the charging points is
supposed to be greater than the farthest user distance within the range:
(8)
Constraint (9) means that the distance of any two adjacent charging points cannot be set
too far and should be reasonable. So as to ensure that electric vehicles can drive normally and
be charged in time.
(9)
Constraint (10) indicates the number of charging stations:
(10)
For this scenario, constraints (11) to (14) are the regional constraints for the location of
charging stations and demand points:
(11)
(12)
(13)
(14)
0, 1 decision variables are:
(15)
Because the building cost and operating cost are relatively fixed. Therefore, the following
solution process will focus on Fc2. Taking into account the nature of the study question, we
will attempt to use simulation methods to analyse and solve the model. Therefore, in the next
chapter, we use MATLAB to simulate the actual user demand points and the calculated
corresponding charging station location, solve it with the particle swarm algorithm, and
analyse and optimise the layout of the existing charging piles.

4. SIMULATION CASE AND ANALYSIS
4.1 Simulation case
For this research, 43 charging stations ("red dots") located in the centre of Beijing were
selected for layout evaluation. As the traffic in Beijing is concentrated in the Fourth Ring
Road, the distribution of electric vehicles is relatively dense in this area, and the construction
of charging stations is relatively mature. Therefore, we select the data of the centre of Beijing
(near and within the Fourth Ring Road) for research (Fig. 2). The data sources of the study are
Baidu maps and http://www.evpartner.com/auto/pilemap.html. Figure below shows a partial
screenshot of the distribution of electric vehicles in Beijing on the website [27].
Through simulation, we randomly generate 500 demand points on the map as the initial
position of the EV, and the electric vehicle can drive arbitrarily within the specified range.
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Once the remaining battery kilometres are less than 10 % of the maximum cruising range, the
nearest charging station is selected for charging.
Through simulation, we can see charging stations have the problem of too low or too high
charging frequency, indicating that the layout is unreasonable. We also found that the
construction level of charging stations is more complete in the northern half of Beijing.
Because the population in the north of Beijing is relatively concentrated, the city planning is
relatively complete, and the transportation network is relatively mature. In contrast, the
construction of charging stations in the southern half of Beijing is not mature enough and is
still under construction. Therefore, for the southern half of the district, the planning and
layout is particularly important. In recent years, the Beijing Municipal Government has also
stepped up efforts to build the southern half of Beijing, like Fengtai District and other cities to
promote the balanced development of the city’s north and south. Based on the above reasons,
we have planned the location of EV charging stations in the southern half of Beijing.

Figure 2: The distribution of electric vehicles in Beijing.

4.2 Simulation results
Eberhart and Kennedy firstly introduced Particle Swarm Optimization (PSO) in 1995, and the
fundamental concept originated from the study of foraging behaviour of bird flocks. Particle
Swarm Optimization (PSO) has been widely used in various industries because it involves
few parameters and is easy to compute. PSO is also used in this study for problem solving.
(1) Program initialization. Set the appropriate parameters according to the actual situation.
The initialization of the program includes setting the population size, the number of
evolutionary generations, and the population size. Also, initialize the global historical optimal
solution and store the updated particle positions for each generation.
(2) Particle update. As the number of iterations changes, the particle velocity, position
coordinates, and adaptive particle variation are continuously updated.
(3) Distance and shortest distance. Calculate the distance from the EV demand point to the
charging station service point to minimize the service cost of the trip.
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According to the planning situation of the North District, we will plan the location of 10
new charging stations in the South District. As shown in the figure, we randomly generate
100 points in the research area to simulate the demand points of electric vehicles.

Figure 3: Distribution of simulated electric vehicles.

We use MATLAB to solve. The MATLAB software parameters are set as: particle
population size popsize = 500, evolution algebra gen = 100, charging station location is set to 2
dimensions (depending on the dimension of the solution space in the fitness function), and the
learning factor c1 = c2 = 2. Calculated according to particle swarm algorithm. The demand
point and the optimal site selection are shown in the Fig. 4. Furthermore, according to the
iterative diagram, the selected position is more reasonable.

Figure 4: Particle swarm algorithm results.

Substitute the coordinates of each demand point into Eq. (3), and use the mathematical
model of location selection as the fitness function of the particle swarm algorithm. Using
MATLAB software to solve the particle swarm algorithm, the optimised charging station
location coordinates are shown in Table II.
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Table II: Charging station location coordinates.
Demand
point
1

Horizontal
coordinates
30.67

Vertical
coordinates
113.1

Number of
response points
10

Access
ratio
10

2
3

80.66
71.7

100.5
63.75

8
7

8
7

4
5

125.8
125.1

84.26
39.32

7
14

7
14

6
7

171.1
186.8

139.6
47.74

3
13

3
13

8
9

247.4
278.7

86.57
131.1

7
16

7
16

10

229.2

146.6

14

14

4.4 Result analysis
According to the above calculation results. As shown in the figure, the red is the current
layout, and the yellow point is the site selection of the new site. One of the sites is too close to
the Majialou charging station, so we chose to discard this site and keep the original site.

Figure 5: Layout planning of new and old charging stations.

We perform another simulation in the above-mentioned way, randomly generating 500
points as the initial location of the electric vehicle, and after the simulation results, we can get
the following frequency distribution map of each charging station. Among them, the original
charging stations with high frequency of visits and relatively tight charging pressure, after the
construction of new charging stations, the current layout is more reasonable. It can be seen
that the charging pressure of No. 13, 34, 10, 22, 27, and 28 charging stations has been
effectively relieved, and the visit frequency is more balanced. At the meantime, the visit
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frequency of the nine newly constructed charging stations has been maintained to a relatively
balanced and moderate state, indicating that the newly selected stations can play a more stable
role. After the new site is built, charging resources are more evenly distributed. At the same
time, the improved location service cost is lower and the response speed is faster. As shown in
the figures below.

Figure 6: The charging frequency of each charging station before and after the layout site selection.

5. CONCLUSION
The placement of EV charging stations is extremely critical. A reasonable location can
maximize the charging efficiency and minimize the cost to ensure the economic operation of
the EVe industry. This paper takes the siting of the electric vehicle charging stations as the
research direction, and provides a reasonable planning and arrangement for the construction
of charging stations. Through a scientific theoretical model, the optimal position of charging
stations is guided. The research results of this paper can be categorized into the following
points:
(1) The layout of EV charging stations is obtained by means of simulation. Previous
research mainly used static data such as the number of residents, the number of EVs, and
GDP to estimate the demand for EVs, and to perform modelling solutions. Using these static
data, it is often impossible to obtain the dynamic law of electric vehicles, and cannot reflect
the real situation in reality. Therefore, this article uses particle swarm simulation to simulate
electric vehicles in cities. It is more dynamic and in line with reality.
(2) Establish a MIP-based model of EV charging station location. The model takes cost as
the target function, and aims to make the charging station construction cost, operation cost,
time-consuming cost in charging process and queuing time cost minimized. Under the
condition that the constraint conditions are met, the most optimal location is obtained. Using
this objective function for modelling, you can invest the minimum cost, so as to obtain the
maximum social effect.
(3) Modify the simulation parameters to adapt to the actual location layout. The paper
simulates the relationship between the electric vehicle charging point and the vehicle to be
served by randomly generating demand points, and uses MATLAB to perform PSO to solve
the layout planning of the charging station. One of the advantages of this method is that it can
modify the location distribution of demand points, the number of cars and other parameters
according to the actual situation, so that the model is suitable for many situations. It has the
characteristics of flexibility and versatility.
(4) Taking Beijing as the research object, a case calculation of charging station location is
carried out. The planned location of new EV charging stations minimizes the cost. And under
the new electric vehicle layout plan, the layout is more balanced and reasonable, and the
uneven distribution of the original charging station resources is alleviated. It has practical
significance, and at the same time verifies the validity of the model.
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