
Computer Life (CPL) ISSN: 1819-4818 
Delivering Quality Science to the World 

 

6 

The Charging Pile of Electric Taxi is Selected Based on the Multi-Level Grey 

Evaluation Method 

Shuai Ma a, Hong Liu b 

College of Transport & Communications, Shanghai Maritime University, CHA 

a736359636@qq.com, bhongliu@shmtu.edu.cn 

__________________________________________________________________________________________ 

 

Abstract: At present, the world resources are relatively tight, and domestic consumption of oil is huge 

and highly dependent. The transportation industry accounts for more than 30% of the oil 

consumption, which can be effectively alleviated by electric cars. As the pioneer of the promotion of 

electric taxis, the site selection of charging piles for electric taxis is of great significance for the 

promotion and effective operation of electric cars and electric taxis. To solve the problem of charging 

pile site selection, this paper adopts questionnaire survey to obtain the weight index of influencing 

factors of site selection, uses the multi-level gray evaluation method to construct the site selection 

evaluation model, and verifies the model by combining with practical cases. This model effectively 

solves the problem of charging pile site selection for electric taxi. 

Keywords: Electric taxi, The weight indicator, Charging pile location, Multi-level grey evaluation 

method. 

__________________________________________________________________________________________ 

 

1. INTRODUCTION 

With the rapid development of the world, more and more cars come into our sight, and the use of fuel 

cars makes the consumption of oil worse and the air pollution more serious. In order to solve the 

current situation as soon as possible, the use of electric vehicles has become an important way, 

electric vehicles almost zero emissions, for energy consumption is smaller, but also make the power 

can be more fully used, electric vehicles have a very broad prospect. 

As a kind of clean energy, electric vehicle is the main direction of development in the present world. 

For the effective promotion and utilization of electric taxis, the corresponding charging facilities need 

to be matched to achieve better development. Therefore, the location of charging facilities for electric 

taxis is a particularly important issue. At present, the research on the site selection of charging 

stations is still hot, but the research is not very mature. There is no scientific demonstration for the site 

selection of many charging stations, and the research on the site selection of electric taxi charging 

facilities is even less. Now for two main types of site selection, a kind of based on big data modeling, 

the literature [1] use big data provided by the state grid platform monitoring records a large number of 

electric vehicle charging data location, literature [2] Wei building based on GPS trajectory data such 

as the temporal and spatial dynamic distribution model, another model using the algorithm for 
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constructing target came to the conclusion that the literature [3] to the user in charge way loss 

minimum cost as the target location, literature [4] established the integrated optimization model of the 

construction cost such as cost, using the differential evolution to solve hybrid particle swarm 

optimization (pso) algorithm, Literature [5] to charging station utility maximization as the objective 

function, the traffic flow as constraint conditions, and using simulated annealing algorithm, literature 

[6] considering the operating costs and customer charging charging station construction costs, in view 

of the multi-objective charging station planning, this paper proposes a new hybrid genetic algorithm 

(ga) of the population. Current research is often incomplete, this paper USES the multi-level gray 

evaluation method to consider many factors for site selection, which can provide effective theoretical 

support for future site selection planning. 

 

2. INTRODUCTION OF MULITI-LEVEL GREY EVALUATION METHOD  

Grey system theory is a research and processing theory of complex systems that came into being and 

developed in the late 1980s. It was founded by professor deng julong, a famous scholar in China, in 

the early 1980sand has been concerned and recognized by many scholars at home and abroad [7] . 

Multi-level gray analysis method is suitable for the incomplete information or insufficient problem, 

the data requirement is strict, and electric car charging facility location is belong to the complex 

multi-factor comprehensive decision-making problem with incomplete information on the grey 

relation exists between the various indicators, therefore using the method of multi-level gray electric 

taxi charge facility location is suitable and feasible [8]. 

The calculation process of multi-level gray evaluation method is as follows [9] : 

determine the lowest level of the optimal indicator set, and select the optimal indicator   

set according to the attribute of the indicator (cost type or benefit type, etc.); 

(2) calculate the correlation coefficient and determine the evaluation matrix; 

(3) determine the weight of the lowest evaluation index; 

(4) comprehensive evaluation of the indicators of the middle layer; 

(5) determine the evaluation matrix of the middle layer; 

(6) determine the weight coefficient of the middle layer; 

(7) make comprehensive evaluation on the target layer and select the best object. 

 

3. CASE STUDY 

The site selection of ev charging facilities is a decision-making process that considers many aspects 

and multiple levels. The site selection must be objective, reasonable, scientific and comprehensive. 

There are many factors influencing the site selection of electric taxi. The selection and investigation 

of these factors must be scientific, reasonable and practical. According to the various influence 

factors of location selection and effect evaluation system in table 1. 

 

Table 1 evaluation system of influencing factors of charging facility location of electric taxi 

Primary influencing 

factor 

Secondary influencing 

factor 
Content of influencing factors 

Land factors Land use Whether to accord with construction 
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Site layout planning requirement, whether land area is enough 

Whether it is suitable for urban planning 

Economic factors 
Construction costs 

The late cost 

Construction cost of site infrastructure 

Facility maintenance and operating costs 

Environmental factors 

Environmental 

sustainability 

Greening planning 

Whether there is an environmental impact 

Whether to afforest project cause 

inconvenience 

The power factor 
Line problem 

Power load problem 

Whether there is a complete circuit 

Whether it can meet the required load for 

charging 

Road factors 
Traffic problems 

On the way 

Whether the road condition is good and there is 

no traffic jam 

The electric taxi is far away from the site 

Human factors 
Traffic 

Rest, service 

Whether the site selection has enough 

customers 

Whether there are meals, rest, maintenance and 

other services supporting facilities 

 

According to the influencing factors in table 1 and combined with the local electric taxi charging 

facility construction in taiyuan city, three representative charging stations in taiyuan city were 

selected as the example objects. Through the questionnaire survey of taxi drivers and charging station 

staff, the data were obtained. In this paper, the three sites were selected as site A, site B and site C. 

Table 2 can be obtained after sorting out the data obtained from the questionnaire survey. 

 

Table 2 illustrates the numerical values of various influencing factors 

Primary influencing 

factor 
Secondary influencing factor 

Location of 

A 

Location of 

B 

Location of 

C 

Land factors 
Land use 

Site layout planning 

0.75 0.68 0.59 

0.71 0.62 0.75 

Economic factors 
Construction costs 

The late cost 

0.64 0.53 0.72 

0.68 0.58 0.67 

Environmental factors 
Environmental sustainability 

Greening planning 

0.74 0.70 0.70 

0.66 0.70 0.67 

The power factor 
Line problem 

Power load problem 

0.74 0.75 0.69 

0.71 0.65 0.67 

Road factors 
Traffic problems 

On the way 

0.7 0.63 0.72 

0.65 0.75 0.73 

Human factors 
Traffic 

Rest, service 

0.77 0.78 0.76 

0.73 0.69 0.68 
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Let the first-order influencing factor be Xi(i=1,2,3,4,5,6),The secondary influencing factor is 

Xij(j=1,2,3…ni),Nk represents the comprehensive level of the site selection of the KTH ev charging 

facility. 

Single level comprehensive evaluation 

Firstly, the "land factor" is treated as follows: 

1.The value of "land factor" can be expressed by matrix as 







=

75.0

59.0

62.0

68.0

71.0

75.01D  

As each index is an efficiency indicator, the maximum value of each influencing factor at the three 

site selection sites A, B and C is taken as the optimal index for reference, that is  TD 75.075.01
max = ； 

2.Calculate the correlation coefficient and determine the evaluation matrix 

Grey relational degree is a way to study the correlation between factors and a quantitative 

comparative analysis of the development trend of grey dynamic process. Its principle is based on the 

mathematical basis of space theory to understand the main relationship between the factors in the 

system. The measure of the degree of correlation between two systems or between two factors is 

called the degree of correlation. When analyzing the correlation degree between the reference data 

column and the comparison data column, we first need to analyze the correlation degree between 

individual indexes, which is the correlation coefficient [8]. 

If  TD i
ni

i
2

i
1

i
max ddd ，=  is the reference data and  Ti

kn
i
k

i
k i

ddD 21
i
k ,d= is the comparison data, then the 

calculation formula of the correlation coefficient i
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and the JTH index of the reference index set is: 
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Where i=1,2,3,4,5,6,j=1,2,3…ni,k=1,2,3,ρ is the resolution coefficient, and we take ρ＝0.5,to obtain 

the correlation coefficient i

jk  among the indicators, thus forming the evaluation matrix 

( )
3n

i

jki
i

= F .as mentioned above, the "land factor" matrix D1 is converted into the evaluation matrix 

F1 by matlab: 







=

16923.03333.0
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1F

 

3.The weight of secondary influencing factors under "land factor" is calculated 

In order to determine the weight of secondary indicators, we use the entropy method for calculation. 

The principle and main steps are as follows [8].  

1)The decision-making information of each indicator is expressed as i
jk
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2)then calculate the utility value of each influencing factor i
j

i
j e-1d = (j=1,2,…ni)is the deviation degree 

of each influencing factor. The greater the deviation degree is, the greater the value of the influencing 

factor will be, and the larger the weight will be. 

3)The weight factor of the JTH index is expressed by the entropy measure as: 


=

=
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1r

i
r

i
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j
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According to the above steps of entropy method, the weight vector ）（ 3952.0,6048.01 =W  of 

second-order influencing factors under "land factor" is obtained by matlab calculation. Thus, the 

influencing factor result matrix of "land factor" can be obtained as: 

）（ 5968.0,8784.0,7365.0111 == FWR  

Repeat the above steps to obtain the influencing factor result matrix of "economic factor", "power 

factor", "environmental factor", "road factor" and "human factor" :  

   8379.0,7610.0,4954.0
3333.011

16842.03333.0
2432.0,7568.0222 =








== FWR  

   9125.0,6499.0,6834.0
113596.0

8333.03333.01
4749.0,5251.0333 =








== FWR  

   8905.0,6619.0,6714.0
13333.01

7778.013333.0
5071.0,4929.0444 =








== FWR  

   6415.0,6918.0,7132.0
3333.014667.0

13333.01
5377.0,4623.0555 =








== FWR

 

   6245.0,4041.0,9292.0
6000.03333.01

113333.0
8938.0,1062.0666 =








== FWR  

The corresponding optimal influencing factor set is : 

 TD 9292.07132.08905.09125.08379.08784.0max =  

Corresponding evaluation matrix 



























=

3333.03333.01

6666.09246.01

15346.04387.0

15000.04278.0

17735.03333.0

3373.015848.0

F  

The weight vector of the corresponding first-order influencing factors is 

 4815.00087.00880.01054.02075.01088.0=W  

   6039.05376.07067.0321 === WFNNNN  

It can be seen from the calculation results that among the three sites A, B and C, site A is the final 

optimal result and the most suitable site for electric taxi charging facilities. 
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4. CONCLUSION AND PROSPECT 

In this paper, the site selection evaluation system of electric taxi charging stations is established on 

the basis of previous studies based on the actual data related to electric taxi charging stations. Based 

on the idea of grey model and the weight of influencing factors obtained from the practical 

questionnaire, a multi-level grey evaluation model for the location selection of charging facilities for 

electric taxis is established. This model can deal with the complex evaluation problem of multiple 

factors as well as the grey relation among influencing factors, and provides a new reference direction 

for the location selection of ev charging facilities. In addition, this method has strong universality, can 

use the computer to realize the program, can quickly calculate the evaluation results, has good 

application value. In the future, the influencing factors will be evaluated in a more professional 

manner, so as to obtain more accurate data and increase the credibility and accuracy of the results. In 

the future, the weight division of each influencing factor in different cities will be considered, instead 

of only considering the weight division between site selection points. 
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