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Abstract 

Scientific formulation and implementation of sales strategies can increase the product 
sales of electric vehicle companies and help alleviate the negative impact of traditional 
vehicles on the environment. Based on the experience data and personal characteristics 
of 1964 target customers of a car company, this paper adopts the penalty item feature 
selection method based on logistic regression model to select features, and obtains 8 
features that have a significant impact on target customers' purchase intention. Then, 
four machine learning models of SVM, BP neural network, Naive Bayes and LightGBM are 
selected to construct a target customer mining model to predict customers' purchasing 
behavior, and finally put forward strategic suggestions for the sales of electric vehicles. 
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1. INTRODUCTION 

With the continuous deterioration of the global environment, the issue of environmental 
governance has become the focus of attention around the world. The automobile industry is a 
pillar industry of the country. With its development, problems such as environmental pollution 
and energy consumption have become increasingly prominent. In order to achieve the 
sustainable development of the automobile industry, in recent years, countries around the 
world have vigorously developed new energy vehicles represented by electric vehicles. As an 
environment-friendly new thing, its market prospect is broad. However, compared with 
traditional cars, consumers still have some doubts in some areas, such as power supply issues, 
so it is necessary to analyze and formulate scientific sales strategies. 

2. DATA PROCESSING 

In order to study consumers' willingness to purchase electric vehicles, the experience data of 
1,964 target customers have been collected. The data involves three brands of electric vehicles: 
Joint Venture brands, Independent brands and New Power brands. This article only selects Joint 
Venture brands for data processing and analysis. The specific data include the target customer's 
8-item satisfaction score for the electric vehicle itself (A1-A8), and the target customer's 
personal characteristic information (B1-B17). In this paper, the Box plot method is used to 
detect abnormal data and replace it with the mean value. In addition, the sample imbalance will 
have a great impact on the training effect of the classification problem. This paper combines the 
methods of Upsampling and Downsampling, and adopts the combined sampling method 
(SMOTE+ENN), that is, firstly use SMOTE to oversample the minority samples, and then using 
ENN to undersample the majority class data, and finally get 1009 Joint Venture brand electric 
vehicle data. 
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3. FEATURE SELECTION METHOD BASED ON LOGISTIC REGRESSION 

There are many factors that determine whether a target customer buys an electric vehicle, 
mainly including the factors of the electric vehicle itself and the personal characteristics of the 
target customer. In order to delve into the factors that have a large influence on the sales of 
electric vehicles, feature selection is considered. 

Feature selection methods include Filter, Wrapper and Embedded [1]. The Embedded method 
performs feature selection at the same time as learning, and the obtained results are more 
representative. It includes the feature selection method based on penalty item and the feature 
selection method of Tree model. In this paper, the feature selection method based on penalty 
item based on Logistic Regression model is selected to select features. 

 

Table 1. Partial results of Logistic Regression 

Influencing 
factors 

A1 A3 A4 A5 A6 A7 A8 B4 

Regression 
coefficients 

0.486 0.325 -0.156 -0.089 0.136 0.133 -0.172 0.225 

P value 0.000 0.000 0.036 0.256 0.031 0.106 0.015 0.010 

Influencing 
factors 

B7 B8 B9 B11 B13 B14 B16 B17 

Regression 
coefficients 

-0.732 0.166 0.474 0.292 0.026 -0.003 -0.406 -0.278 

P value 0.196 0.447 0.192 0.083 0.568 0.950 0.000 0.000 

 

From the results of Logistic Regression, it can be seen that the P values of A1, A3, A4, A6, A8, 
B4, B16 and B17 are less than 0.05. Therefore, the battery technical performance, economy, 
safety, driving performance, configuration and quality of the Joint Venture brand electric vehicle, 
as well as the driving experience of customers, the proportion of annual mortgage and car loan 
expenditures in the total annual household income have a significant impact on the purchase 
intention of target customers. 

4. PREDICTION OF TARGET CUSTOMER PURCHASING BEHAVIOR 

After getting the factors affecting the sales of electric vehicles of the Joint Venture brand, a 
customer mining model is established to predict the purchasing behavior of target customers, 
which is conducive to the company's implementation of targeted sales strategies for customers 
with low purchasing intentions. In this paper, four Machine Learning models of SVM, BP Neural 
Network, Naive Bayes and LightGBM are used for training, and the prediction results of the four 
models are compared and analyzed to find the optimal prediction model. 

4.1. SVM 

The basic idea of SVM is to find a dividing hyperplane with "maximum margin" in the sample 
space based on the training set to separate samples of different classes. It has obvious 
advantages in the analysis and research of small-scale and large-sample data, and to some 
extent, it can prevent the occurrence of overfitting, so it has better predictive ability. The 
optimal hyperplane solution process and SVM tuning results are as follows: 
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Table 2. The optimal hyperplane solution process 

Optimal hyperplane solution process 

Step 1 Divide the hyperplane: 𝝎𝑻𝒙 + 𝒃 

Step 2 
The maximum geometric interval translates to: 

𝒎𝒊𝒏
𝟏

𝟐
‖𝝎‖𝟐  𝒔. 𝒕. , 𝒚𝒊(𝝎𝑻 ∙ 𝒙𝒊 + 𝒃) ≥ 𝟏, 𝒊 = 𝟏, … , 𝒏 

Step 3 Lagrange formula:𝑳(𝝎, 𝒃, 𝜶) =
𝟏

𝟐
‖𝝎‖𝟐 − ∑ 𝜶𝒊(𝒚𝒊(𝝎𝑻𝒙𝒊 + 𝒃) − 𝟏)   𝒔. 𝒕. ,   𝜶𝒊 ≥ 𝟎𝒏

𝒊=𝟏  

Step 4 The optimization objective is: 𝐦𝐢𝐧
𝝎,𝒃

(𝐦𝐚𝐱
𝜶𝒊≥𝟎

𝑳(𝝎, 𝒃, 𝜶)) 

Step 5 Converted to a dual problem: 𝐦𝐚𝐱
𝜶𝒊≥𝟎

(𝐦𝐢𝐧
𝝎,𝒃

𝑳(𝝎, 𝒃, 𝜶)) 

Step 6 Find the minimum value for 𝝎, 𝒃: 𝝎 = ∑ 𝜶𝒊𝒚𝒊
𝒏
𝒊=𝟏 𝒙𝒊   ,     ∑ 𝜶𝒊𝒚𝒊

𝒏
𝒊=𝟏 = 𝟎 

Step 7 get: 𝐦𝐚𝐱 
𝜶𝒊≥𝟎

𝑾(𝜶) = 𝐦𝐚𝐱
𝜶𝒊≥𝟎

(∑ 𝜶𝒊 −
𝟏

𝟐
∑ 𝜶𝒊𝜶𝒋𝒚𝒊𝒚𝒋𝒙𝒋

𝑻𝒙𝒊
𝒏
𝒊=𝟏,𝒋=𝟏

𝒏
𝒊=𝟏 ),   𝒔. 𝒕. ,   ∑ 𝜶𝒊𝒚𝒊 = 𝟎𝒏

𝒊=𝟏  

Step 8 Take the derivative of 𝜶𝒊 to find the maximum value of 𝑾(𝜶) 

 

Table 3. Parameter tuning results of SVM 

Parameter Value 

Penalty coefficient 1 
Kernel function Sigmoid 

Residual Convergence Condition 0.3079 
The maximum number of iterations 50 

Multi-class fusion strategy ovo 

4.2. BP Neural Network 

BP neural network is a multi-layer feedforward network trained by error back-propagation 
algorithm, and it is one of the most widely used neural network models. The learning rule of BP 
neural network is the steepest descent method. It continuously adjusts the weights and 
thresholds of the network through backpropagation to minimize the classification error rate of 
the network. The learning rate controls the update step size in each iteration of the algorithm. 
If it is too large, it will easily oscillate, and if it is too small, the convergence speed will be too 
slow. The steps of the BP algorithm are: first send the input data to the input layer neurons, and 
then forward the signal layer by layer, after the output layer produces the result, calculate the 
error of the output layer, and then propagate the error back to the hidden layer to adjust the 
connection weights and thresholds. This iterative process loops until a set stopping condition 
is reached. 

Table 4. Parameter tuning results of BP neural network 

Parameter Value 
Activation function Identity 

Solver LBFGS 
Learning rate 0.1 

Number of iterations 1000 
Number of hidden layer 1 neurons 100 

4.3. Naive Bayes 

Naive Bayes is a classification algorithm based on Bayes' theorem and Attribute Conditional 
Independence Assumption. The training process of the Naive Bayes classifier is to estimate the 
prior probability based on the training set D, and estimate the conditional probability for each 
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attribute [1].  

Bayes' theorem: 

 

𝑃(𝑐𝑖|𝑥) =
𝑃(𝑥|𝑐𝑖)𝑃(𝑐𝑖)

𝑃(𝑥)
(1) 

 

Among them, P(x) refers to the probability that any object conforms to the sample x, and P(ci) 
is the probability that any object is class ci, which is easy to obtain. P(x|ci) can be calculated 
using the assumption of attribute conditional independence, and the prior distribution used in 
this paper is Gaussian distribution. Finally, the classification can be done according to the size 
of P(x|ci)P(ci). 

4.4. LightGBM 

LightGBM, a distributed gradient boosting framework based on decision tree algorithm, is an 
efficient implementation of XGBoost. The idea is to discrete continuous floating-point features 
into k discrete values, and construct a Histogram with a width of k. Then iterate over the 
training data and calculate the cumulative statistics of each discrete value in the histogram. 
When performing feature selection, it is only necessary to traverse to find the optimal 
segmentation point according to the discrete values of the histogram, and use the leaf-wise 
strategy with depth constraints, which save time and space overhead. 

 

Table 5. Parameter tuning results of LightGBM 

Parameter Value 
Base learner dart 

Number of base learners 199 
Learning rate 0.0088 

L1 regular term 0.0623 
L2 regular term 0.0862 

Minimum number of samples for leaf nodes 1 
Maximum depth of tree 20 

4.5. Model Training Results 

The ratio of training set and test set of the four algorithms is 8:2, and 5-fold cross-validation 
is used, in which the purchase intention is positive, and the non-purchase intention is negative. 
The confusion matrices for the four trained models are as follows: 

 

1 99 4  1 96 2 

0 5 94  0 4 100 

 1 0   1 0 

Figure 1. SVM-Confusion Matrix   Figure 2. BP Neural Network-Confusion Matrix 
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1 101 12  1 102 1 

0 1 88  0 0 99 

 1 0   1 0 

Figure 3. Naive Bayes-Confusion Matrix    Figure 4. LightGBM-Confusion Matrix 

 

From the confusion matrix and ROC curve, the accuracy, F1 value and AUC value of different 
models are obtained for model evaluation. 

 

Table 6. Evaluation indicators of machine learning classification effect 

Index Indicator explanation 

Accuracy 
Predict the proportion of correct samples to the total samples, the greater 

the accuracy, the better 

F1 value 
The harmonic average of precision and recall, taking into account the 

precision and recall of the classification model 

AUC 
The area under the ROC curve, the closer the AUC is to 1, the better the 

classification effect 

 

Table 7. Comparison of the evaluation results of the four models 

Model name Accuracy F1 AUC 
SVM 0.955 0.957 0.9895 

BP neural network 0.970 0.970 0.9912 
Naive Bayes 0.936 0.940 0.9881 
LightGBM 0.995 0.995 0.9998 

 

From the model evaluation results in Table 6, it can be seen that the training results of the 
four models are all good, and the training results of LightGBM are the best, so it can be used to 
predict the purchase intention of target customers for electric vehicles. 

5. CONCLUSIONS AND RECOMMENDATIONS 

In the previous feature selection, it is concluded that the battery technical performance, 
economy, safety, driving performance, configuration and quality of the electric vehicle of the 
joint venture brand have a significant impact on the purchase intention of target customers, so 
the company can focus on these aspects of electric vehicles in the first stage of marketing. In 
addition, companies should pay attention to customer experience. For customers who do not 
provide purchase intention information, companies can use the trained LightGBM model to 
make predictions. The strategy should specifically combine customer satisfaction scores and 
personal characteristics information. 
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In order to further improve marketing capabilities, the company should pay attention to the 
opinions of customers after experiencing the product, update product functions in a timely 
manner, and provide users with a better service experience. At the same time, improve the 
quality of advertising and highlight the green and low-carbon advantages of electric vehicles. 
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