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Abstract 
Aiming at the sustainable development of the new energy vehicle market, firstly, 
construct an evaluation indicator system for the development of the new energy vehicle 
industry, and obtain the weight of each indicator through the analytic hierarchy process; 
secondly, select the gray prediction model GM(1,1). Three kinds of GM(1,1) models were 
constructed for testing, the training group and the test group were divided, and the 
GM(1,1) model with the smallest sum of squared errors was selected as the prediction 
model. Finally, the solution results were given in combination with the relevant data. 
The study concluded that the prospect of new energy vehicles is promising and the 
development space is large. It is suggested that enterprises and countries should 
promote the development of new energy vehicles from two aspects: new products and 
charging infrastructure. 
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1. Introduction 

At present, the global ecological environment and climate change have become common 
challenges faced by all mankind. With the enhancement of people's awareness of 
environmental protection, based on the connotation of low-carbon economy, vigorously 
promote the use of new energy and increase the development of clean energy. Compared with 
traditional fuel-powered vehicles that emit carbon monoxide and carbon dioxide, new energy 
vehicles have low emissions and low energy consumption. Advantages, under the support of 
national policies, the field of new energy vehicles is booming. In order to explore the sustainable 
development of China's new energy vehicles, this paper explores by constructing an indicator 
system for the evaluation of the development of the new energy vehicle industry, constructing 
a judgment matrix with the help of the analytic hierarchy process, and using the entropy weight 
method to determine the weights. 

2. Data Source and Construction of Evaluation Indicator System 

The basic data of this article come from the official website of the China Association of 
Automobile Manufacturers and the China Automobile Market Yearbook. And from the three 
classified first-level indicators and the 16 second-level indicators included in the construction 
of the new energy vehicle industry development evaluation indicator system, see Table 1 for 
details. 
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Table 1. New energy vehicle industry development evaluation indicator system. 

Target layer M First-level 
indicator layer 

Second-level indicator layer 

New energy vehicle industry 
development evaluation indicator 

system 

Structural 
indicator C1 

Product standard system and access 
system P1 

Industrialization and marketization of 
technological achievements P2 

Development roadmap P3 
Improve energy consumption structure 

P4 
Tax incentives P5 
R&D subsidies P6 
Infrastructure P7 

Technical 
indicator C2 

Charging station pile technology P8 
Vehicle R&D Technology P9 

Battery Technology P10 
Grid Technology P11 

Applied indicator 
C3 

Operation demonstration P12 
Green taxes P13 

Consumption subsidies P14 
Stimulating consumer demand P15 

Government procurement P16 

3. Determine the Weight of Each Indicator based on the Analytic 
Hierarchy Process 

3.1. Indicator Description 
(1) industry standard system and access system. A sound standard system and a sound access 
system will help social capital and enterprises with technological innovation capabilities to 
participate in the scientific research and production of new energy vehicles, and create a good 
environment for new enterprises to enter the new energy vehicle market [1]. 
(2) R&D subsidies. At present, my country's new energy vehicle industry is still facing many 
technical bottlenecks, so the technology research and development stage has a relatively light 
status, and it is necessary to achieve breakthroughs in key technologies through government 
support and subsidies related technology research and development. 
(3) Infrastructure. The infrastructure includes charging stations, charging piles, parking spaces, 
etc. The development of the industry needs to improve the supporting infrastructure, which 
can attract more people to choose new energy vehicles. 
(4) Stimulating consumer demand. Consumer demand is the guide for the development of the 
new energy vehicle industry. By stimulating consumer demand, it drives the development of 
the new energy vehicle industry and taps the potential of the new energy vehicle market [2]. 
(5) Government procurement. When new energy vehicles are not generally accepted by 
consumers, government procurement is also an effective way to promote new energy vehicles 
[3]. 
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3.2. Analytic Hierarchy Process to Find out the Weight of Each Factor 
3.2.1. Establish a Hierarchical Model 
Analytic Hierarchy Process [4] is abbreviated as AHP, which decomposes the elements related 
to decision-making into the levels of goals, criteria, and plans, and conducts qualitative and 
quantitative analysis on this basis. Firstly, a hierarchical structure model is established, and 
through the analysis of the research problem, the factors at the target level, the criteria level 
and the program level factors for achieving the goals are determined. Secondly, construct a 
judgment matrix for pairwise comparison. The function of the judgment matrix is to analyze 
and calculate the importance of each factor in the same layer with an associated network 
relationship relative to the target constraints. In the AHP method, the 9-level scaling method as 
shown in Table 2 is usually used. Assign values to the elements of the judgment matrix. Finally, 
the consistency test is to calculate the maximum eigen root and corresponding eigenvector for 
each pairwise comparison matrix, and use the consistency indicator, random consistency 
indicator and consistency ratio to do the consistency test. If the test passes, the eigenvector 
(after normalization) is the weight vector; if it fails, the comparison matrix needs to be 
reconstructed. 
 

Table 2. Nine-point system and its definition. 
Scale  Definition 

1 Factor  is as important as factor  

3 factor  is slightly more important than factor  

5 factor  is obviously more important than factor  

7 factor  is much more important than factor  

9 factor  is extremely important than factor  

2,4,6,8 
The scale value of the importance of factor  and factor  is between the above 

two adjacent levels 
The reciprocal of scale 

value 
Inverse comparison of factor  and factor ：  

3.2.2. Model Solution 
(1) Construct the judgment matrix of the criterion to the target: compare the three elements C1, 
C2, C3 in the criterion layer C in pairs, and generate the matrix elements to form the comparison 
matrix, as shown in Table 3. 
 

Table 3. M-C judgment matrix 
M C1 C2 C3 

C1 1 1/3 1/6 
C2 3 1 1 

C3 6 1 1 

 

For the elements in table 3, any matrix should satisfy reciprocity: 𝐶 = .Using software 

programming, the eigenvalues of the M-C matrix can be solved, solutions have to 𝜆 =

3.0547,and then the consistency of the matrix is checked by the formula 𝐶𝐼 = .According 

to the model 𝐶𝑅 = , the value of RI is 0.9, as shown in Table 4, so as to obtain 𝐶𝑅 = 0.0526 <

0.1and pass the consistency test. 
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Table4. n relation to RI 
n 2 3 4 5 6 7 8 9 10 11 

RI 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 

 
(2) Judgment matrix for constructing scheme to sriterion:See table 5 for C1-P, table 6 for C2-P, 
and table 7 for C3-P. 
 

Table5. C1-P judgment matrix 
C1 P1 P2 P3 P4 P5 P6 P7 Weights ω 

P1 1 1 1 1/3 1/3 1/6 1/9 0.0445 
P2 1 1 1 1 1/3 1/3 1/3 0.0665 
P3 1 1 1 1 1/3 1/6 1/9 0.0509 
P4 3 1 1 1 1/3 1/3 1/6 0.0704 
P5 3 3 3 3 1 1 1 0.1996 
P6 6 3 6 3 1 1 1/3 0.2057 
P7 9 3 9 6 1 3 1 0.3624 

𝜆 = 7.3382  𝐶𝐼 = 0.0564   𝐶𝑅 = 0.0414(pass the consistency check) 

 
Table6. C2-P judgment matrix 

C2 P8 P9 P10 P11 Weights ω 

P8 1 3 1/2 2 0.2952 
P9 1/3 1 1/3 1 0.1284 

P10 2 3 1 2 0.4189 
P11 1/2 1 1/2 1 0.1575 

𝜆 = 4.0813  𝐶𝐼 = 0.0271   𝐶𝑅 = 0.0304(pass the consistency check) 
 

Table7. C3-P judgment matrix 
C3 P12 P13 P14 P15 P16 Weights ω 

P12 1 1 1/3 1/3 1 0.1119 
P13 1 1 1/2 1/3 1 0.1195 
P14 3 2 1 1/3 2 0.2348 
P15 3 3 3 1 2 0.4012 
P16 1 1 1/2 1/2 1 0.1325 

𝜆 = 5.1464  𝐶𝐼 = 0.0366   𝐶𝑅 = 0.0327(pass the consistency check) 

3.3. Result Analysis 
In the criterion layer B, the application indicator has the largest weight of 49.91%, followed by 
the technical indicator with 39.61%, and the structural indicator with the smallest proportion 
of only 10.48%. Among the sub-indicators of the three first-level indicator layers, infrastructure, 
R&D subsidies, tax incentives, battery technology, charging station pile technology, consumer 
demand, consumption subsidies and government procurement have a larger weight under the 
first-level indicator layer to which they belong. .It can be seen that in the process of formulating 
industrial policies, we should focus on infrastructure construction and provide R&D subsidies 
and tax policies for new energy vehicle manufacturers. Among the core technologies of new 
energy vehicles, battery technology and charging station pile technology are the most 
concerned by consumers. Yes, through government procurement and demonstration 
operations, consumers can have more opportunities to understand and contact new energy 
vehicles. 
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4. Prediction of New Energy Vehicle Development based on GM(1,1) 
Model 

4.1. Research Ideas 
Grey prediction [5,6] is to predict the system that contains both known information and 
uncertain information, that is, to predict the time-related gray process that changes within a 
certain range. Gray forecasting processes the original data to find the law of system changes, 
and generates a data sequence with strong regularity, and then establishes a corresponding 
differential equation model to predict the future development trend of things. The GM(1,1) 
model is the core of gray forecasting. It is a first-order differential equation for single-variable 
forecasting, and its discrete-time response function is approximately exponential. GM(1,1) is to 
use the original discrete non-negative data sequence to generate a new discrete data sequence 
that weakens the randomness by one accumulation, and then establish the differential equation 
model to obtain the solution at the discrete point. The resulting approximate estimates of the 
raw data are accumulated and subtracted, thereby predicting the subsequent development of 
the raw data. The GM(1,1) model theory is very suitable for forecasting and analyzing the sales 
of new energy vehicles [7-10]. 

4.2. Research Method -GM(1,1) Model 
4.2.1. Quasi-indicator Test 
Before establishing the GM(1,1) model, first determine whether the sequence after the original 
data is accumulated once has a quasi-exponential law.Define the grade ratio σ(k) =

( )( )
( )( )

, 𝑘 = 2,3, ⋯ , 𝑛;Define ρ(k) =
( )( )

( )( )
 as the smoothness ratio of the original sequence 

𝑥( )(𝑘) .For ∀k ,The length of the interval is δ < 0.5 ,make ρ(k) ∈ (0,0.5) ,the higher the 
proportion of data with a smoothness ratio less than 0.5, the 𝑥( ) series is considered to have a 
quasi-exponential law.It is generally believed that the data ratio with a smoothness ratio less 
than 0.5 is greater than 60%; at the same time, except for the first two periods, the data ratio 
with a smoothness ratio less than 0.5 is greater than 90%, which can be considered to have a 
quasi-exponential law [11]. 
4.2.2. Modeling Process 
(1) Constructing the traditional GM(1,1) Model 
Let 𝑥( ) = (𝑥( )(1), 𝑥( )(2), ⋯ , 𝑥( )(𝑛))be the initial non-negative data column, and perform an 
accumulation process on the initial sequence to obtain the newly generated data column 𝑥( ) =

(𝑥( )(1), 𝑥( )(2), ⋯ , 𝑥( )(𝑛)) ,where 𝑥( )(𝑚) = ∑ 𝑥( )(𝑖), 𝑚 = 1,2, , ⋯ , 𝑛 .Calculate the tight-
collar mean generation sequence 𝑧( ) = (𝑧( )(2), 𝑧( )(3), ⋯ , 𝑧( )(𝑛)) , where 𝑥( )(𝑚) =

δ𝑥( )(𝑚) + (1 − 𝛿)𝑥( )(𝑚 − 1), 𝑚 = 1,2, ⋯ , 𝑛 𝑎𝑛𝑑 δ = 0.5. 
Constructing Grey Differential Equations 𝑥( )(𝑘) = −𝑎𝑧( )(𝑘) + 𝑏,where b is the amount of ash 
action, and -a is the development coefficient. The matrix form is introduced as follows: 
 

u = (𝑎, 𝑏) , 𝑌 =

⎣
⎢
⎢
⎡
𝑥( )(2)

𝑥( )(3)
⋮

𝑥( )(𝑛)⎦
⎥
⎥
⎤

, B =

⎣
⎢
⎢
⎡
−𝑍( )(2) 1

−𝑍( )(3) 1
⋮

−𝑍( )(𝑛)
⋮
1⎦

⎥
⎥
⎤

 

 
So the GM(1,1) model can be expressed as Y=Bu,Using the least squares method to get the 
parameters a, the estimated value of b is: 
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𝑢 =
𝑎
𝑏

= (𝐵 𝐵) 𝐵 𝑌 

 
Taking the initial 𝑥( )(𝑡) = 𝑥( )(1), the corresponding solution can be obtained as: 

 

𝑥( )(𝑡) = 𝑥( )(1) −
𝑏

𝑎
𝑒 ( ) +

𝑏

𝑎
 

 

So 𝑥( )(𝑚 + 1) = 𝑥( )(1) − 𝑒 + , 𝑚 = 1,2, ⋯ , 𝑛 − 1.Because: 

 

𝑥( )(𝑚) = 𝑥( )(𝑖), 𝑚 = 1,2, ⋯ , 𝑛,  

 
So you can get: 
 

𝑥( )(𝑚 + 1) = 𝑥( )(m + 1) − 𝑥( )(𝑚) = 1 − 𝑒 𝑥( )(1) −
𝑏

𝑎
𝑒 , 𝑚 = 1,2, ⋯ , 𝑛 − 1 

 
We can then make predictions on the raw data. 
(2) Constructing new information GM(1,1) model 
Let 𝑥( )(𝑛 + 1)  be the latest information and put 𝑥( )(𝑛 + 1)  in 𝑥( ) ,using 𝑥( ) =

(𝑥( )(1), 𝑥( )(2), ⋯ , 𝑥( )(𝑛), 𝑥( )(𝑛 + 1)) to establish model for new information GM(1,1). 
(3) Constructing metabolic GM(1,1) model 
Insert the latest message 𝑥( )(𝑛 + 1)  and remove the oldest message 𝑥( )(1) ,using 𝑥( ) =

(𝑥( )(2), ⋯ , 𝑥( )(𝑛), 𝑥( )(𝑛 + 1))to establish model for metabolic GM(1,1). 
(4) Select the smallest SSE model as the modeling model 
The expected results of the three models for future periods were calculated by MATLAB, and in 
order to ensure the stability of the results, the average of the three results was used as the 
predicted value. Take the data of the last three periods as the experimental group, and the data 
of the previous n-3 periods as the training group; use the data of the training group to train 
three GM(1,1) models, and use the trained models to predict the experimental group. Two-
phase data, the SSE of the three models are calculated respectively, and the model with the 
smallest SSE is selected as our modeling model [12]. 
4.2.3. Residual Test and Grade Ratio Deviation Test 
We use MATLAB software to pass the residual test and the scale deviation test to evaluate the 
fitting degree of the GM(1,1) model to the original data. 
(1) Residual Test 

Calculate the average relative residuals:𝜀 = ∑ |𝜀 (𝑘)|,where relative residuals 𝜀 (𝑘) =
( )( ) ( )( )

( )( )
× 100%, k = 2,3, ⋯ , n.If 𝜀 < 20%,then it is considered that the fitting of GM(1,1) 

to the original data meets the general requirements.If 𝜀 < 10%,it is considered that the GM(1,1) 
model fits the original data very well. 
(2) Grade Ratio Deviation Test 
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Firstly, calculate the grade ratio σ(k) of the original number from 𝑥( )(𝑘 − 1) and 𝑥( )(𝑘): 
 

σ(k) =
𝑥( )(𝑘)

𝑥( )(𝑘 − 1)
(𝑘 = 2,3, ⋯ , 𝑛) 

 
Based on the predicted development coefficient (−𝑎),calculating the corresponding grade ratio 
deviation and average grade ratio deviation: 
 

η(k) = 1 −
1 − 0.5𝑎

1 + 0.5𝑎

1

𝜎(𝑘)
, �̅�(𝑘) =

𝜂(𝑘)
(𝑛 − 1) 

 
If �̅� < 0.2,then it is considered that the fitting effect of GM(1,1) on the original data meets the 
general requirements;If �̅� < 0.1,it is considered that GM(1,1) fits the original data very well. 

4.3. Result Analysis 
Using the above-mentioned gray prediction model method, the data of global new energy 
vehicle sales from 2015 to 2020 were obtained from the "China Automobile Market Yearbook" 
as a test sample, as shown in Figure 1. At the same time, the proportion of data whose 
smoothness is less than 0.5 of the original data is 66.6667%, exceeding 60%; except for the first 
two periods, the proportion of data whose smoothness is less than 0.5 is 93.3334%, exceeding 
90%, passing the quasi-exponential test. 
 

 
Figure 1. Global sales of new energy vehicles from 2015 to 2020 (10, 000) 

 
Divide the test group and the training group, respectively establish three GM(1,1) models to 
predict the original data, and calculate the sum of squares of errors for the prediction of the test 
group (as shown in Figure 2). 
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Figure 2. The prediction results of the three GM(1,1) models for the experimental group. 

 
As can be seen from Figure 2, the sum of squares of errors predicted by traditional GM(1,1) for 
the experimental group is 194.2422, and the sum of squares of errors predicted by the new 
information GM(1,1) for the experimental group is 224.1468,the sum of squared error of 
metabolic GM (1,1) for the test group was 382.6699. Because the traditional GM(1,1) model has 
the smallest sum of squared errors, we should choose the traditional GM(1,1) model for 
prediction (as shown in Figure 3). 
 

 
Figure 3. Global new energy vehicle sales forecast for 2021-2025. 

 
It can be seen from the fitting results that the average relative residual is 0.037738. The results 
of the residual test show that the model fits the original data very well; the average level 
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deviation is 0.055311. The results of the level deviation test show that: the The model fits the 
original data very well. 

5. Conclusion 

This paper comprehensively uses MATLAB software programming, and firstly evaluates the 
new energy vehicle industry with the help of the analytic hierarchy process, constructs an 
indicator evaluation system, and obtains the weight of each indicator. According to the analysis 
of the weight of the indicators, suggestions are put forward on the aspects that the government 
should pay attention to when formulating policies, in order to provide a better development 
environment for industrial development. Predict the global sales of new energy vehicles by 
building a GM(1,1) model. The gray prediction model is suitable for the non-negative data 
measured by year, especially the data with weak correlation between the data. At the same time, 
the gray prediction model has the advantages of less data and less requirement for the quantity 
of data. By dividing the training group and the test group, and selecting the GM(1,1) model with 
the smallest sum of squared errors, the prediction accuracy is greatly improved. By predicting 
the sales of new energy vehicles from 2021 to 2025, it can be seen that new energy vehicles 
have a large space for development in the future. The continuous expansion of the product 
market also requires manufacturers to actively launch new products and continuously improve 
product performance and competitiveness. At the same time, in the face of the ever-expanding 
demand for charging and battery life of new energy vehicles, the country needs to continue to 
increase the charging infrastructure, continuously improve the charging service network, and 
improve the convenience of charging. 
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