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Abstract

This paper explores the location selection problem of electric vehicle charging stations,
aiming to effectively meet charging demands within urban areas. The research utilizes
data from Ride-hailing order data as the study data. Through data cleaning, processing,
and matching, the city is divided into grids, and the charging demand of each grid is
analyzed. To capture the distribution characteristics of demand points, we use the mini-
batch k-means algorithm to perform clustering analysis of pick-up and drop-off orders.
Based on the clustering results, we calculate the average distance between each grid and
the clustering center and use it as the distance weight. Combined with the order quantity,
we calculate the comprehensive weight of each grid. We use the particle swarm
algorithm to solve the charging station location selection problem. This algorithm
determines the appropriate charging station location by prioritizing grids with higher
comprehensive weights. By prioritizing grids with higher comprehensive weights, we
establish charging stations in areas with high demand and close to the clustering center,
thereby improving the utilization rate of charging stations. We also analyze the
applicability and limitations of the particle swarm algorithm and visualize the location
selection results. This study provides a simple and efficient solution method for the
location selection problem of urban electric vehicle charging stations based on actual
order data, which helps provide a reference for urban planners and charging facility
operators, promotes the rational layout of electric vehicle charging facilities, and further
promotes the popularization and sustainable development of electric vehicles.
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1. Introduction

Climate change and energy shortages have become major global issues, and new energy electric
vehicles characterized by low carbon and energy saving have been vigorously developed. Due to the
limitations of electric vehicles in China, the planning of charging station construction has a strong
impact on the development of new energy charging vehicles. After decades of development, the
construction of charging stations in China has initially taken shape. However, due to the uncertainty
of charging behavior and the significant increase in the number of electric vehicles, the huge charging
demand poses a significant challenge to the planning and construction of charging stations. Therefore,
it is necessary to study the layout planning of electric vehicle charging stations to promote the
popularization and sustainable development of electric vehicles.At this stage, many scholars around
the world have conducted in-depth research on the location selection problem of electric vehicle
charging stations. For example, literature[ 1] have constructed a location selection model with the goal
of minimizing charging time cost and construction cost, and confirmed the practicality of the model
using the distribution network as an example. literature[2] use taxi operation data to predict charging
demand and aim to meet the maximum charging demand in the construction of the location selection
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model. In addition, literature [3] conducted topic mining on user reviews of charging service software,
providing valuable direction for optimizing the layout of charging stations; literature[4] used
trajectory data to locate areas with high traffic demand, thereby reducing the blindness of charging
station location selection. literature[5] used real-time trajectory data of taxis in Beijing to construct a
time series simulation model considering charging capacity limitations and intelligent charging
guidance systems, and used the K-means clustering method for charging station location selection.
literature[ 6] proposed an electric vehicle charging station demand density estimation model (ERDEC),
with the goal of minimizing the total cost, using real taxi trajectory data to estimate the optimal density
of charging stations in specific urban areas. However, despite the deep understanding and solutions
to the charging station location problem in previous research, there are still some limitations. For
example, many studies mainly focus on a single objective function, such as minimizing total cost or
maximizing demand satisfaction, while in practical applications, the location problem of charging
stations may need to consider multiple factors, such as charging demand, site construction cost, traffic
conditions, and user behavior. In addition, many studies mainly rely on fixed historical data for
prediction, while in reality, due to changes in urban planning, traffic policies, the popularity of electric
vehicles, and user behavior, charging demand may change dynamically. Therefore, more flexible and
adaptable location strategies and methods are necessary. This paper proposes an electric vehicle
charging station location selection model that can comprehensively consider various factors and has
strong adaptability through clustering analysis of Ride-hailing order data, considering charging
demand.

2. Data Acquisition and Processing

2.1 Travel Data

This paper selects the order data from the Ride-hailing platform in Chengdu from November 1, 2016,
to November 14, 2016, as the research support, which includes seven fields: order ID, start and end
latitude and longitude locations, start and end times. An example of the order data is as shown in
Table 1.

Table 1. Meanings of Fields in Order Data

Field Data Type Data Style Data Description
D string eb9dd4095d9850e6287cefd
813775a6¢

Lat O Float 104.092097 Pickup location longitude
Lon O Float 30.706348 Pickup location latitude
Lat D Float 104.086733 Dropoff location longitude
Lon D Float 30.653253 Dropoff location latitude
Time O Int 1477964797000 Start charging time
Time D Int 1477966507000 End charging time

To ensure the reliability and accuracy of the data, it is necessary to preprocess the original Ride-
hailing order data:

(1) Data cleaning: Remove duplicate order records from the data, fill in missing values, filter out
abnormal data, convert time to date format, calculate the travel time of the order, and delete data
where the order duration is less than 1 minute.

(2) Coordinate transformation: The latitude and longitude in the order data are encrypted GCJ-02
coordinate systems by Ride-hailing company. Since the geographic data to be matched in the
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following text are all WGS-1984 coordinate systems, the order data need to be transformed into this
coordinate system.

2.2 City Grid Division

To better represent the travel patterns and hotspot areas of residents, considering the dense road
network in Chengdu, this study divides the research area into square grid units of 500x500 meters,
with a total of 7,562 grid units. Based on the distribution shown by the order data, the range of study
is determined to be between longitudes 103.9 and 104.2, and latitudes 30.51 and 30.85. For ride-
hailing order data, all boarding and alighting locations are converted into spatial points and matched
with the grid data to calculate the demand weight of each grid.

3. Charging Station Location Model

3.1 Determination of Demand Points

To choose a better construction site for the charging station, the Mini Batch K-means algorithm is
used to generate charging demand points, see Figure 1. The process is as follows:

For processing large-scale data like OD orders, the K-means clustering algorithm has advantages such
as ease of use, scalability, and efficiency. However, the traditional K-means algorithm needs to
traverse the entire data during each iteration in the clustering process, which greatly increases the
number of iterations and computational complexity, and slows down the convergence speed. The
Mini Batch K-means algorithm performs equal sampling during each iteration and assigns these data
to the nearest centroid, enabling fast and effective clustering on large data sets.

Latitude

103.95 104.00 104.05 104.10 104.15 104.20
Longitude

Figure 1. Clustering Results of Order Data

3.2 Model Building

The planning of charging stations needs to fully consider user charging demand and the construction
geographic location. This model comprehensively considers distance weight and order quantity
weight. Firstly, we define parameters and decision variables. Let P be the set of candidate charging
station locations, which includes N potential locations. We introduce a decision variable x, € {0, 1},

indicating whether to establish a charging station at the i-th location. If x,= 1, a charging station is
established at the i-th location. If x,= 0, a charging station is not established at the i-th location.

Based on the above definitions and assumptions, we have established the following objective function,
1.e., to maximize the composite weight.
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In the above formula, distance d; represents the distance between the i-th location and the j-th demand
point; order quantity o, represents the order quantity of the j-th demand point; distance weightw, and

order quantity weight w respectively represent the weights of distance and order quantity in the

objective function. Constraints: Charging station quantity constraint, to ensure that the total number
of charging stations does not exceed the given upper limit M; 0-1 integer constraint, to ensure that
the decision variable x; can only be 0 or 1.

4. Model Solution

4.1 Particle Swarm Optimization Solution

Particle Swarm Optimization (PSO) is a nature-inspired optimization algorithm, inspired by the social
behavior of bird or fish swarms. In PSO, each solution (referred to as a particle) updates its position
by tracking its individual optimal solution and global optimal solution. It has demonstrated superior
performance in many practical problems and has low computational complexity. PSO is highly
suitable for this problem as it can effectively search for grid units with high demand weights under
certain constraint conditions. By prioritizing grids with higher composite weights, we can establish
charging stations in areas with high demand and close to the cluster center, thereby improving the
utilization rate of charging stations. The specific steps of the PSO algorithm include:

(1) Initialize the particle swarm, each particle represents a possible solution, i.e., the location plan.

(2) Evaluate the performance of the particle swarm, i.e., calculate the objective function value of each
particle. In this problem, the objective function is the weighted sum of demand weight and land cost.

(3) Update the speed and position of the particles based on the individual optimal solution and
globaloptimal solution of the particles.

(4) Repeat steps (2) and (3) until the stop condition is met, such as when the number of iterations
reaches a preset value or the degree of improvement of the global optimal solution is less than a
certain threshold.

(5) Output the global optimal solution, i.e., the selected charging station location information.

Through the above steps, the PSO algorithm can efficiently find a charging station location plan that
meets the demand and has high cost-effectiveness. Based on the composite weight calculation, 300
electric vehicle charging station points in Chengdu City were determined.

4.2 Result Analysis

In the model solving part of our study, we used the Particle Swarm Optimization algorithm to
optimize the location selection of charging stations in Chengdu. The optimization results yielded the
locations of 300 charging stations, and the distribution of these locations is relatively uniform.
Considering a coverage range of 2 km, these charging stations can cover 95.4% of the demand area,
significantly improving the accessibility and utilization rate of the charging facilities.

To verify the effectiveness of the Particle Swarm Optimization algorithm, we further used the Greedy
algorithm for the same location selection task,see Figure 2 . However, we found that the 300 charging
stations selected by the Greedy algorithm are mainly concentrated in the central area with the highest
order volume, and its distribution is very concentrated, in stark contrast to the results of the Particle

309



International Core Journal of Engineering Volume 9 Issue 6, 2023
ISSN: 2414-1895 DOI: 10.6919/ICJE.202306_9(6).0040

Swarm Optimization algorithm,see Figure 3. This shows that the Greedy algorithm, when solving
this problem, tends to satisfy areas with the highest order heat, ignoring coverage of the entire city
range. This leads to a clustering phenomenon in the distribution of charging stations by the Greedy
algorithm, resulting in a coverage rate of only 68.85%.
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Figure 2. Site Selection of PSO Algorithm Figure 3. Site Selection of Greedy Algorithm

This comparison confirms the superiority of the Particle Swarm Optimization algorithm in solving
the problem of electric vehicle charging station location selection. Compared with the Greedy
algorithm, the Particle Swarm Optimization algorithm not only considers areas with high order heat
but also takes into account areas with slightly lower order volume, thereby achieving better coverage
throughout the city. This evenly distributed charging station location strategy helps to improve the
utilization rate of charging facilities, avoids excessive concentration of resources in some areas and
shortages in other areas. Therefore, the Particle Swarm Optimization algorithm provides a more
effective and practical solution for the problem of electric vehicle charging station location selection.

5. Conclusion

In this study, we thoroughly explored the location selection problem of electric vehicle charging
stations, and successfully developed a location selection model based on the Particle Swarm
Optimization algorithm. By using Ride-hailing data, we conducted a detailed demand analysis of the
city and captured the distribution characteristics of demand points through the mini-batch k-means
algorithm. Based on these analyses, we used the Particle Swarm Optimization algorithm to
successfully select 300 optimized charging station locations in Chengdu. The distribution of these
charging stations is relatively uniform, and under a 2 km coverage range, it can achieve a coverage
rate of 95.4%.

Through comparison with the Greedy algorithm, we verified the effectiveness and superiority of the
Particle Swarm Optimization algorithm. Compared with the Greedy algorithm, the Particle Swarm
Optimization algorithm achieves better coverage throughout the city, especially in areas with slightly
lower order volume. This evenly distributed location selection strategy helps to improve the
utilization rate of charging stations, avoid excessive concentration and shortage of resources, and
provides strong support for the popularization and sustainable development of electric vehicles.

This study provides a simple and efficient location selection method based on actual order data for
urban planners and charging facility operators, promoting the rational layout of electric vehicle
charging facilities. However, due to the limitations of data and algorithms, our research still has some
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areas that need to be improved and perfected. In the future, we plan to further study the location
selection problem of charging stations under dynamic demand changes and seek more advanced and
practical optimization strategies and methods.
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