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Abstract: In order to help select high-quality electric buses, we established a performance index
system for pure electric buses based on an extensible cloud model. With the rapid development
of electric buses, choosing a suitable pure electric bus considering its applicability is challenging.
Based on the analysis of the characteristics of the passenger car industry, a preliminary evaluation
index system for pure electric passenger cars was constructed. The preliminary indicator system was
formed based on the optimization of the main points of current laws and regulations, and divided into
four aspects: safety assistance system, comfort, convenience, and economy. Then, the index system
was determined from multiple perspectives, and the analytic hierarchy process and the entropy
weight method were applied to determine the comprehensive weight. Meanwhile, the evaluation
level of the index system of pure electric buses was calculated by the extensible cloud model. At last,
six electric buses were selected from Chinese electric bus companies as examples to determine the
relevant level. The results show that the method has satisfactory feasibility and applicability in the
comprehensive evaluation and that it provides a reference for pure electric bus selection based on
application performance.

Keywords: electric bus; application performance; index system; extension cloud model

1. Introduction

Pure electric vehicles are completely driven by electricity, without fossil fuels, engines,
and transmission shafts. They have high energy density batteries, motors, and electronic
control systems. Compared with ordinary fuel vehicles, pure electric vehicles have obvious
advantages: low costs, a better experience for the passengers, less noise, and less exhaust.
Therefore, vigorously developing pure electric buses is conducive to the development of
public transport. Furthermore, exhaust pollution from operating vehicles can be reduced.
However, how to choose a suitable pure electric bus considering its applicability has become
a challenging problem.

At present, there are many performance evaluation models for electric buses, mainly
focusing on battery performance evaluation and environmental impact evaluation. In terms
of battery performance evaluation, since the mileage of pure electric buses is less than
that of traditional buses, Zhang et al. [1] believe that mileage is the focus of performance
evaluation, and the battery energy-saving performance is used as an indicator to build
an evaluation model. Jwa et al. [2] compared various electric buses with diesel buses and
compared their environmental impacts during the life cycle and found that lithium battery
electric buses are better in terms of energy consumption and emissions, but there are still
problems in terms of travel. Horita et al. [3] analyzed the coupling between lithium batteries
and various types of electric buses and found that lithium batteries are more suitable for
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small electric buses. In terms of environmental impact assessment, Todorut et al. [4]
believe that public transport needs to alleviate the problem of carbon emission pollution
and use CO; emissions as an evaluation indicator for pure electric buses. Subsequently,
Varga et al. [5] increased the NOx emission indicator. On this basis, Shauna et al. [6] used
fuel economy and emission efficiency as evaluation indicators, conducted comparison
experiments between pure electric buses and diesel buses in the cities of Nevada and Iowa,
and found that the fuel economy of electric buses increased by at least 29%.

In addition, there are some comprehensive evaluation methods [7]. Li et al. [8] believe
that the evaluation method cannot only conduct a single evaluation study in the battery or
energy consumption, and proposed a pure electric bus performance evaluation method
based on energy consumption and battery life. Looking for a balanced performance
evaluation system for electric buses, Barraza et al. [9] proposed a performance evaluation
method that takes into account the efficiency and cost involved in different powertrains.
Hamurcu et al. [10] proposed a multi-objective decision-making process based on Analytic
Hierarchy Process (AHP) and Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS). Furthermore, Wolek et al. [11] used MCDM to analyze the strategic decision for
the electrification of urban buses in Poland. Romero-Ania et al. [12] used MCDM to analyze
sustainable buses in terms of economy, environment, perception, etc. Zhang et al. [13]
included the reliability, energy consumption, influencing factors, and emissions of the
vehicle in the performance evaluation of hybrid electric buses, and formed a complete
comprehensive evaluation framework, which has reference significance for the performance
evaluation of pure electric buses. Anttila et al. [14] proposed a performance evaluation
method for electric buses based on chassis dynamometer measurements. The method
uses powertrain efficiency tests to provide performance testing techniques for heavy-duty
electric vehicles under laboratory conditions.Based on real data, Liu et al. [15] proposed
an evaluation method for pure electric buses based on road operation tests. Oier et al. [16]
and Du et al. [17] proposed electric bus performance evaluation methods from different
perspectives based on Stockholm and Chinese cities, respectively.

MCDM is a method to find the best alternative from all feasible alternatives according
to some criteria or properties, which is suitable for complex decision problems. Hassanpour
et al. [18] used MCDM models to evaluate the household appliance industry and scored the
efficiency of the sustainable development of home appliances. Badi et al. [19] obtained the
most important criteria for location selection based on the FUCOM method, and Alossta
etal. [20] solved the optimal location selection problem through the AHP method combined
with the RAFSI model. In the field of logistics, Karamasa et al. [21] identified priority factors
for the impact of logistics outsourcing based on Neutrosophic AHP. Bakir et al. [22] and
Blagojevic et al. [23] combined Fuzzy AHP with Fuzzy MARCOS and DEA, respectively, to
study the application of MCDM in transportation. To sum up, there are many excellent
decision-making methods for MCDM. Although AHP is less accurate than new methods
such as FUCOM, AHP still has many advantages. First, AHP is concise and easy for
decision makers to directly understand and master. Second, AHP has a wide range of
applications, and has applications in site selection, logistics, and transportation. Third,
AHP has strong practicability and can be used in combination with other methods to make
up for its shortcomings.

The extension theory can quantitatively calculate the characteristics of things through
the correlation function, but its disadvantage is that it is not easy to deal with the dis-
cretization problem [24]. The cloud model is a model of uncertain conversion between
qualitative concepts and quantitative values, proposed by Li in 1995 [25]. The cloud model
can effectively overcome the above defects and quantitatively describe the transformation
situation of the measured indicators at different levels according to the random relationship
between the field measured indicators and the evaluation result grades. Combining the
cloud model with the extension theory to improve the defects of the extension theory, a
comprehensive evaluation model of the extension cloud theory that can realize the combi-
nation of qualitative and quantitative description is obtained [26]. At present, this model
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is rarely used in the evaluation of vehicle index systems. Zhang et al. [27] proposed a
comprehensive evaluation study of rail transit and branch line traffic transfer based on an
extension cloud model. Wu et al. [28] and Li et al. [29] evaluated the safety and economics
of urban rails using a cloud model. Compared with the previous evaluation model, this
model is better in evaluation accuracy and precision.

Therefore, in this paper, we combine the objective AHP method with the subjective
entropy weight method to determine the comprehensive weight of the application perfor-
mance index system of pure electric buses, and calculate the evaluation level of the pure
electric bus index system based on an extensible cloud model.

2. Construction of the Evaluation Index System for the Operation Performance of Pure
Electric Buses

2.1. Principles for the Construction of the Performance Evaluation Index System of Pure
Electric Buses

In order to build a comprehensive, reasonable, and feasible evaluation index system,
in addition to fully considering the operational characteristics of buses and the technical
characteristics of pure electric vehicles, some principles should be followed.

The bus is the main public passenger transportation mode in cities. In megacities, it
can also run in parallel with subways and trams on main lines to increase the line coefficient
and line network density. Its one-way transport capacity is 800-2000 passengers per hour,
and the average transport speed is 16-25 km per hour.

It has the advantages of efficient mobility, relatively low original investment, quick
opening of new routes or changes to existing routes, and flexible transportation organiza-
tion. To analyze the pure electric bus operating performance, it is necessary to consider the
operating characteristics of buses. The characteristics of buses are consistent and reflect the
characteristics of the bus industry, which should be considered for pure electric vehicles.

(1) High security requirements

Urban bus passenger safety is the most important part of road safety, and it is also the
top priority of urban public safety. It is the first criterion for the needs of transportation
companies. Therefore, bus operators must take safety as the first demand, and consider
safety as a priority. Vehicles with safety problems are rejected.

In the pure electric bus operation performance evaluation index system, to enter the
bus market, buses need to meet access standards in terms of structural safety, etc., and there
are relevant test standards and evaluation systems to evaluate the safety of the main body
structure of the vehicle.

(2) Higher comfort requirements

With the continuous improvement of China’s urbanization rate, the urban population
is increasing, and the demand for public transportation is gradually increasing. On the
one hand, in order to better meet the convenience needs of passengers getting on and off
the bus, the bus needs to have two doors at the front and the rear and appropriate aisle
space to facilitate the movement of passengers during the morning and evening rush hours.
On the other hand, the bus driver also needs to be considered in the bus demand level.
Ensuring the safety and comfort of driver facilities and equipment on the vehicle is also a
consideration in bus selection.

(3) High reliability requirements

In order to facilitate bus operation and passengers, bus vehicles have strict time
schedules. Vehicles and drivers usually work at fixed hours. Therefore, in the event of a
vehicle failure or other situations that cannot be dispatched on time, it is necessary to stop
the corresponding shift or adjust the entire transportation plan. Both of these methods can
lead to adverse factors such as increased waiting time and increased vehicle congestion
in the public transportation system. Therefore, it is necessary to choose high-reliability
products as much as possible for public transportation vehicles.
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(4) Ease of maintenance requirements

On the basis of the high reliability of the bus, once the product fails during working
hours, it needs to be repaired, and the length of the repair time will affect the degree of
impact on the entire timetable. The shorter the time, the lesser the impact on the timetable.
Therefore, the bus vehicle should be easy to maintain, and the personnel at the bus station
should be able to quickly repair it, instead of it having to travel to a more professional
maintenance location, such as a manufacturer, for a longer repair.

(5) High economic demand

As an operational service industry, bus service needs to be able to reduce operating
costs as much as possible, thereby increasing the profits of bus companies. As a means
of transportation with high daily operation and shutdown, the cost per unit of time and
space is the most important consideration for operating companies. In order to minimize
operating costs and increase profits, bus economy is an important consideration.

2.2. Construction of the Initial Index System

In order to build a comprehensive, reasonable, and feasible evaluation index system, it
is necessary to consider the operational characteristics of buses. Based on relevant research
results, in view of the operational characteristics of buses and the technical characteristics
of pure electric buses, the initial application performance index system of pure electric
buses is shown in Figure 1 [1,3,9].

The standard level of the indicator system includes six aspects of safety, comfort,
convenience, economy, green, and others, involving more than 40 specific indicator items.

2.3. Optimization of the Index System

In order to further optimize the index system, we used the Delphi method to improve
the initial index system [27]. The Delphi method is a predictive process framework based
on sending the results of multiple rounds of questionnaires to a panel of experts. After each
round of questionnaires, experts receive a summary of the previous round, allowing each
expert to adjust their answers based on the panel’s responses. This process combines the
benefits of expert analysis with elements of crowd wisdom.

First of all, based on the initial index system, the opinions of transportation compa-
nies, transportation management departments, and industry experts are solicited through
questionnaires, including whether they pay attention to the initial indicators proposed
during the process of purchasing models and whether there are other suggestive indicators.
The initial indicator system is optimized by sorting out and summarizing the opinions
of all parties, discarding low-interest indicators, and adding new indicators proposed by
multiple people, and then consulting again on this basis, summarizing, and adjusting.
After two rounds of investigations in this study, the opinions tended to be unanimous, and
the final index system was obtained. The application performance index system of pure
electric buses is shown in Figure 2.
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Figure 1. The initial application performance index system of pure electric buses.
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Figure 2. Application performance index system of pure electric buses.

3. Model for Application Performance Index System of Pure Electric Buses
3.1. Evaluation Index Weighting Based on AHP Weight Method

After determining the evaluation index system of public transport comprehensive
service quality, to reflect the evaluation results more accurately, the weight of the indicators
must be allocated reasonably. In order to make up for the shortcomings of a single weighting
method, we first adopted the combination of AHP in the subjective weighting method
and the entropy weighting method in the objective weighting method to determine the
subjective and objective weights of the evaluation indicators, and then combined the linear
weighting method to AHP and the entropy weight method to obtain the comprehensive

weight of the index.

Assuming that the weight vector obtained by AHP is w} = [w}, w), ..., w}], the
weight vector obtained by the entropy weight method is w! = [w], ), ..., wy], using the
linear weighting method to obtain the comprehensive weight vector w; = [wy, wy, ..., Wy].

w; = aw| + bw; ey

Symbolic notations used in (1) are defined as follows.

w;: Comprehensive weight of the i-th evaluation index;

w/: Subjective weight of the i-th evaluation index;

w? : Objective weight of the i-th evaluation index;

a: Weighting factor for subjective weights; and

b: Weighting factor for objective weights.

In order to make the distribution of weights more reasonable, we used the difference
coefficient method to determine the values of 2 and b [11], and the calculation formula is as

follows in (2).
n
—_n [2 ip. _ ntl
"= "—1("5”31 Z ) @

b=1-a

Symbolic notations used in (2) are defined as follows.

n: The number of evaluation indicators; and

P;: The corresponding components in the subjective weight vector sorted obtained by
the i-th index from minimum to maximum.

3.2. Application Performance Index System of Pure Electric Buses Based on Extensible
Cloud Model

After the analytic hierarchy process, the subjective weight of each evaluation index
was determined. Then, the entropy weight method was used to determine the objective
weight of each assessment index. On this basis, the extension cloud model was used for
evaluation. The evaluation method of the extension cloud model is to use mathematical
expressions to associate the randomness and fuzziness of things and realize the uncertainty
conversion between qualitative concepts and quantitative values. The specific steps are
shown in Figure 3.
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Calculate characteristic parameters

Determine cloud membership of extension cloud

Calculate comprehensive certainty

Determine comprehensive evaluation level

Figure 3. Calculation process of the extension cloud model.

(1) Extension cloud theory

Matter—element extension theory refers to matter—element as the basic element for
describing things, expressed as R = (N, C, V), where N is the name of the described thing,
C is the characteristic of the thing, and V is the characteristic value of the thing [27]. It
can study problems from both qualitative and quantitative perspectives. Thus, the change
process of things can be represented more objectively. In the traditional matter—element
evaluation model, V is often regarded as a fixed value, ignoring its own randomness
and ambiguity, which easily causes partial information loss. Therefore, in this work, we
introduced the normal cloud model into the matter—element extension theory for analysis.

The normal cloud model can be represented by three eigenvalues: expected Ey, entropy
E,, and super entropy H.,.

E represents the cloud distribution center value corresponding to cloud droplets
at a certain evaluation level, which can best reflect the classification level of the transfer
evaluation index.

E, represents the value range of a certain evaluation level, reflecting the randomness
of data collection in the evaluation process.

H, represents the randomness of the membership degree of a certain evaluation level,
which reveals the correlation between the randomness and ambiguity of the evaluation
index level in the transfer evaluation process.

The extension cloud model uses the normal cloud model (Ey, E;;, H,) to replace the
eigenvalue V of the matter in the matter-element extension theory, so as to realize the
mathematical description of the randomness and fuzziness in the evaluation process. The
extension cloud model is shown as follows in (3):

M Cl (Exlr Enlr Hel)
Cy  (Exz2, En2, Heo)
: i 3)

Cn (Exnr Eun, Hen)

Symbolic notations used in (3) are defined as follows.

M: Buses to be evaluated;

C;: The i-th evaluation index for application performance index of pure electric buses;
and

(Exir Eni, Hei): The cloud description for evaluation index C;.

(2) Calculation of characteristic parameters

Assuming that the upper and lower critical values of the evaluation level correspond-
ing to the comprehensive bus service quality evaluation index i(i = 1,2,...,n) are Hmax
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and Hpn, respectively, the calculation formulas of the parameters Ey, E;,;, and H, are shown
in (4).

E; = (Hmax + Hmin)/2.355 4)

Ex = (Hmax + PImin)/2
H, = A x Ey,

Symbolic notations used in (4) are defined as follows.
A: A constant determined according to the degree of fuzziness, and its value is
generally set as 0.1 [28,29].

(3) Determination of cloud membership in extension cloud model

Here, we consider each index value x as a cloud droplet, and generate a normally
distributed random number E; ~ N (En, Hg) with expected value E,; and standard

deviation H,. After determining the number of cloud droplets N, the cloud membership
degree u between each index value x and the normal cloud model is calculated.

_x_ xz

Symbolic notations used in (5) are defined as follows.

#: Membership degree between index value x and extension cloud model; and

E;;: Random numbers with a normal distribution.

According to (5), the cloud membership degree between each evaluation index value
and the normal cloud model can be obtained, and a comprehensive judgment matrix U
is formed:

Hu P12 H13 Hia M5
U — 14.21 l{zz ?{23 V.24 V‘25 ©)
Mnl  Hn2 Hn3  Hns  Hns
Symbolic notations used in (6) are defined as follows.

#ij: Cloud membership degree between the valuation index for application perfor-
mance index of pure electric buses C; and the j-th level normal cloud model (i = 1,2,...,8;
i=1,2,3,4,5); and

j: Evaluation level.

(4) Determination method of the evaluation level for the application performance

According to the comprehensive weight value obtained above, combined with the com-
prehensive judgment matrix, the comprehensive certainty Q and comprehensive evaluation
score R for the application performance index of pure electric buses can be calculated:

8
Q=) wl )
i=1
5
L bifj
R="2 ®)
L bj

Symbolic notations used in (8) are defined as follows.

bj: Value of the j-th component corresponding to the vector Q; and

fj+ The score value of the evaluation level j. The score values corresponding to the
evaluation levels 1 to 5 in this paper are 1, 2, 3, 4, and 5, respectively.

Due to the randomness in solving the membership degree, it is necessary to solve
it multiple times to reduce the influence of random factors. The calculation method of
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the expected value E,,, the entropy E,,, and the reliability factor 6 of the comprehensive
evaluation score is shown in (9).

Ex;/ = Zl: Rl(x)/l
i=1

E, )

|
«
—=
MN
=
=
m
]
o

6: Exr

Enr
Symbolic notations used in (9) are defined as follows.
I: Number of operations;
R;: The comprehensive evaluation score obtained by the i-th calculation; and
8: The degree of dispersion of the evaluation results. Its value is inversely proportional
to the credibility.

4. Case Study

We selected six electric buses from Chinese electric bus companies for the case analysis.
All data on the selected vehicles come from the published data on the official websites of
the electric bus manufacturers. In order to ensure the anonymity of the specific model of
the buses, the buses are numbered. The details are shown in Table 1.

Table 1. Related indicators of 6 chosen electric buses.

Bus Number A B C D E F
Safety assistance system level 11 13 9 8 7 8
Motor peak power (kw) 200 300 260 260 150 165
Rated passenger area per capita (m?) 0.2818 0.2614 0.3284 0.2853 0.3558 0.3477
NEDC mileage (km) 335 350 720 495 250 250
Fully loaded with air conditioner mileage (km) 270 220 290 260 100 100
Fast charge time (min) 90 90 90 60 30 30
Maximum passenger capacity 95 119 93 92 86 77
Passenger power consumption per kilometer (KWh) 13.840 13.559 12.979 10.774 13.488 19.610

4.1. Data Collection

According to the existing relevant research results, we divided the evaluation indica-
tors of comprehensive bus service quality into five evaluation levels: fail, poor, average,
good, and excellent.

Based on the 20 models of electric buses published by the national public data, and
according to the quintiles of the boxplots, SPSS software was used to determine the value
ranges of the five different levels of each evaluation index, representing the critical values
of different levels, and the specific division results are shown in Figure 4.

Based on these performance measurement indicators identified for electric bus appli-
cations, questionnaires and field surveys were used to collect the data. The survey was
carried out by a professional online survey company. The indicators of this survey primar-
ily include four dimensions: safety, comfort, convenience, and economy. Meanwhile, the
validity of the questionnaire was guaranteed by the judgment rules set in the background
before submission. The eight evaluation indicators included peak engine power, nominal
passenger surface per capita, NEDC cruise range, full charge air-conditioning mileage, and
fast recharge time. A total of 120 questionnaires were delivered and 15 invalid question-
naires were eliminated, leaving 105 valid questionnaires. The effective collection rate of the
questionnaire was 87.5%, which met the sampling rate requirement. The statistics of this
survey are presented in Table 2.
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Figure 4. Boxplots of each evaluation index.

Table 2. Evaluation scale.

Fail Poor Average Good Excellent
I <3 3-6 6-9 9-12 >12
I <150 150-175 175-200 200-225 >225
I3 <0.2 0.2-0.275 0.275-0.35 0.35-0.425 >0.425
Iy <250 250-350 350450 450-550 >550
I5 <100 100-150 150-200 200-250 250-300
Is >120 90-120 60-90 30-60 <30
I <80 80-90 90-100 100-110 110-120
Ig >15 14~15 13-14 12-13 <12

4.2. Determination of Indicator Weight

Using the analytic hierarchy process, the subjective weight of each evaluation index
was determined. The original data obtained from the survey are shown in Table 2. The
entropy weight method was used to determine the objective weight of each assessment
index, and the subjective weight values were reorganized in ascending order. Based on
Equations (1) and (2), the overall weights obtained are presented in Table 3.

Table 3. The indicator weights.

I I, I3 Iy I5 Ie I; Ig
Subjective 0.6551 0.0677 0.0669 0.0590 0.0438 0.0283 0.0507 0.0284
Objective 0.2876 0.0907 0.0841 0.1571 0.1042 0.1095 0.0807 0.0860

Comprehensive 0.5323 0.0754 0.0726 0.0918 0.0640 0.0555 0.0607 0.0477
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4.3. Evaluation Index Cloud Model Construction

According to the classification of performance evaluation indexes of electric bus appli-
cations, the numerical characteristic values of the normal cloud model of each evaluation
index were calculated through MATLAB, as shown in Table 4.

Table 4. Cloud model of each evaluation index.

Fail Poor Average Good Excellent

L (1.5,1.274,0.127) (4.5,1.274,0.127) (7.5,1.274,0.127) (10.5, 1.274, 0.127) (13.5,1.274, 0.127)
I (75, 63.694, 6.369) (162.5, 10.616, 1.062) (187.5,10.616, 1.062) (212.5,10.616, 1.062) (237.5,10.616, 1.062)
I (0.1, 0.085, 0.008) (0.2375,0.032, 0.003) (0.3125, 0.032, 0.003) (0.3875, 0.032, 0.003) (0.4625, 0.032, 0.003)
In (125, 106.157, 10.616) (300, 42.463, 4.246) (400, 42.463, 4.246) (500, 42.463, 4.246) (600, 42.463, 4.246)
Is (50, 42.463, 4.246) (125,21.231, 2.123) (175,21.231, 2.123) (225,21.231, 2.123) (275,21.231, 2.123)
Is (135,12.739, 1.274) (105, 12.739, 1.274) (75,12.739, 1.274) (45,12.739,1.274) (15,12.739, 1.274)
Iy (40, 33.97, 3.397) (85, 4.246, 0.425) (95, 4.246, 0.425) (105, 4.246, 0.425) (115, 4.246, 0.425)
Ig (17.5,2.123,0.212) (14.5,0.425, 0.042) (135, 0.425, 0.042) (12.5, 0.425, 0.042) (8.5,2.972, 0.297)

4.4. Membership Degree Calculation of Each Indicator

After obtaining the evaluation index cloud model, Equations (3)-(6) were used for
software programming calculations to obtain the different levels of cloud membership
corresponding to each bus’s membership degree, shown in Figures 5 and 6. Taking the
example of electric bus A, the results are given in Table 5.

Table 5. Membership degree of electric bus A.

Fail Poor Average Good Excellent
I 0.0000 0.0000 0.0122 0.4928 0.0776
I, 0.0001 0.0001 0.0377 0.0377 0.0001
I3 0.0073 0.0276 0.0457 0.0003 0.0000
Iy 0.0130 0.0654 0.0285 0.0000 0.0000
I5 0.0000 0.0000 0.0000 0.0068 0.0622
I 0.0001 0.0277 0.0277 0.0001 0.0000
I; 0.0164 0.0038 0.0607 0.0038 0.0000
Ig 0.0019 0.0143 0.0346 0.0003 0.0002
1 T T
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Figure 5. Cloud drop chart of indicator I;.
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Figure 6. Cloud drop chart of indicator I.

4.5. Evaluation Result and Analysis

Based on the index level matrix and the overall weight of each site, we substituted
Equations (7)—(9) to obtain the overall certainty of each site. According to the principle of
maximum certainty, the level with the maximum certainty was selected as the application
performance evaluation level of the electric bus, as shown in Table 6. The evaluation results
show that the application performance evaluation levels of electric bus B are excellent;
the application performance evaluation levels of electric bus A are good; and the appli-
cation performance evaluation levels of electric buses C, D, E, and F are medium. These
conclusions are consistent with the actual situation of the investigation, indicating that the
transfer evaluation model has certain feasibility and applicability.

Table 6. Comprehensive evaluation of each electric bus.

Fail Poor Average Good Excellent
A 0.0388 0.1389 0.2471 0.5419 0.1402
B 0.0266 0.1325 0.1477 0.1425 0.5345
C 0.0201 0.0404 0.4347 0.3062 0.0637
D 0.0257 0.0514 0.6259 0.2139 0.1083
E 0.1413 0.2551 0.5763 0.0874 0.0286
F 0.1253 0.1739 0.5406 0.1386 0.0279

5. Conclusions

With the rapid development of electric vehicles, the characteristics of low-cost, pleasant
experience, and low pollution have gradually become important directions for future trans-
portation development. The changing technical characteristics warrant vehicle operation
performance evaluations.

Based on the operation characteristics and demands of buses, we proposed in this work
a pure electric bus operation performance evaluation index system and put forward eight
evaluation indexes from the four aspects of safety assistance system, comfort, convenience,
and economy, which can reflect the bus operation characteristics of pure electric buses.
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The evaluation index system can rely on the existing data collection channels to
obtain data for evaluation at a lower cost, which has high practicability. Then, the digital
characteristics and comprehensive evaluation grade of the evaluation index cloud can
be calculated. Compared with relevant studies, we proposed to use the extension cloud
model to evaluate the indicators of electric buses based on ACH and other methods. The
evaluation results were tested by indicators, grades, and reliability factors, so as to obtain
better applicability.

Furthermore, with the further implementation of China’s policy support for electric
buses, a more scientific method is urgently needed to select electric buses. The findings
in this paper could help electric bus purchasing departments and cities determine the
most suitable electric bus models. Using this indicator system to evaluate the operating
performance of pure electric buses can help bus companies purchase cars and manufacturers
to build cars. Similarly, this model could also be used with slight modifications in other
transportation vehicle decisions.

The main potential future research directions are divided into two parts. On the one
hand, considering some of the limitations of the current pure electric buses, research on
electric hybrid buses can be carried out in the future. On the other hand, with the rapid
development of unmanned buses and autonomous driving technologies, the evaluation
indicators and evaluation criteria used to select models, especially in terms of intelligent
driving, may also change in order to help the selection of pure electric buses and promote
the construction of a favorable market environment for the survival of the fittest.
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