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Abstract

:

Featured Application


HUD (head-up display) is of great significance to the development of automobile intelligent cockpits. The interface design of HUD has an impact on the cognitive load and situation awareness of drivers. Therefore, it is necessary to optimize and evaluate the interface design.




Abstract


Background: The interface design of in-vehicle head-up display (HUD) is an enlarging research area with interface usability as its core; usability reflects all perspectives of human—machine interaction and thus the evaluation and optimization of usability have multiple objectives. The evaluation and optimization of interface quality involved in usability are subjective and subconscious. Nevertheless, very little attention has been paid to these issues in optimizing usability across multiple objectives. Methods: In this paper, a hybrid scheme evaluation and optimization method based on entropy weight and VIKOR is proposed. First, according to the content of PSSUQ (Post Study System Usability Question), we have established a new usability evaluation system based on the characteristics of HUD. The entropy weight method was used to reduce the subjective factors of the decision-makers and to achieve the objective weight of each indicator. The VIKOR method was used for obtaining the order of alternate schemes and then the optimal interface design scheme was selected. Results: A case study was carried out to illustrate the applicability of the developed model in the usability evaluation of the HUD interface design. The results showed that scheme 1 was the optimized scheme, with minimal value of Si (0.141), Ri (0.119) and Qi (0.000) among the three schemes. When other decision-making methods were applied, the results showed that the optimized scheme was scheme 1, respectively, which verified the feasibility of the proposed method. The entropy—VIKOR model can be used to evaluate and optimize the HUD interface design effectively, which may serve as a reference for designers to achieve insights during the design process and scheme decision-making.
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1. Introduction


With the growth and development of intelligent transportation, a great deal of in-vehicle information systems (IVIS), such as cellphones, instant messaging system and head-up displays (HUD), are constantly being added to cars and IVIS have developed from the display of early basic driving-related information to multidimensional interaction systems [1,2]. Panoramic screens are an important symbol of automotive digitization [3]. In particular, the major way to receive information is vision, accounting for 80 percent of all sensory channels [4,5]. Therefore, the visual interface design has great significance for driving safety and enhancing usability of human—machine interface (HMI).



There are many researches on the HUD interface evaluation problems, which can be divided into two kinds. One is to focus on the improvement the usability of the in-terface through the elements design of the interface; The other is to consider globally the level of usability of the interface and synthesize the research to aid deci-sion-making at the design stage. A simulation driving experiment on elder drivers was performed by Alexandra [6] to evaluate in-vehicle HMI usability and put forward a design strategy to promote HMI usability and user acceptance. Su [7] summarized the current research status of automated vehicle HMIs, and constructed an overall frame for usability of in-vehicle HMIs. Park [8] proposed several useful design principles for improving usability by analyzing the HUD interface through different methods. Li [9] tested the effect of three types of HUDs on skilled and novice drivers and evaluated their driving performance. On this basis, he presented a design optimization strategy for the HUD interface. Research from summative perspectives mainly concentrates on mobile applications, webpage interface or product design, while research on the in-vehicle HMI design is relatively few. The usability of in-vehicle HMIs varies significantly from that of mobile apps design or webpage design. Hence, our purpose is to explore the evaluation and optimization method for in-vehicle HUD design from the view of summary research.



As a part of numerical analysis, multi-criteria decision-making (MCDM) methods are used to handle complex evaluation and optimization problems using analytical methods [10]. All aspects of the existing MCDM problem are studied numerically, using theoretical development and a comprehension of numerical methods [11,12]. Xu [13] proposed an evaluation method that combines AHP and fuzzy comprehensive evaluation and applied it to the decision-making process for RV design schemes. The višekriterijumsko kompromisno rangiranje (VIKOR) method was used by Simab et al. [14] to select the best condition in a pumped hydro-thermal scheduling problem. Anna [15] applied the VIKOR method to calculate the parameters of the process based on entropy. Tiwari et al. [16] used soft set and entropy weight theory to obtain design specifications and customer needs qualitatively and then applied entropy weight methods to determine the best solution. Sarina et al. [17] proposed a complex product scheme joint variable weight VIKOR group decision-making method to achieve a balanced evaluation process between product scheme performance indicators and cost indicators with uncertainty in the weight of evaluation indicators.



Most of the current design scheme evaluation and optimization methods are qualitative, and the reviewers from different area of expertise hold various under-standing for evaluation criteria, which may contribute subjective bias in the results of design schemes evaluation [18]. In contrast, the VIKOR method, serving as a multi-attribute decision making method based on ideal point, has significant advantages in obtaining the necessity between ideal scheme and statistical analysis [19], which has a wide application in solving multi-criteria decision-making problems. Currently, there are few studies on the evaluation and optimization of HUD interface design by integrating entropy weight and VIKOR.



This paper first proposes an evaluation and optimization model of the HUD interface design, applying an entropy weight-based VIKOR method. To begin with, the entropy weight method was applied to decrease the subjective factors influence of decision-makers entrusted to the weight, and the objective weight of each indicator was obtained. Then, the VIKOR method was applied to attain the order the candidates with the best interface design scheme then being optimized. Three interface design schemes were taken as an example for case study and methods verification.




2. Theory Background


2.1. Entropy Weight


Entropy is a special measure of information and is mainly used to depict the degrees of fuzziness and intuitionism for a given information set [20]. It was first proposed in 1947 [21] and was further developed in 1982. The entropy weight method is based on the difference in data, and the weight of each indicator is obtained using the entropy calculation formula, which is widely used in various fields [22]. While subjective methods (e.g., Delphi and AHP) are used to determine the subjective weighting of criteria, objective methods like entropy weighting are used to remove artificial instabilities and produce more realistic results [23]. The entropy weight method can reflect the utility value of sample information entropy values without introducing subjective assumptions, producing an indicator weight that is more objective [24]. Subjective weights could be obtained directly from the decision makers’ opinions like many other MCDM processes [25]. When the method is applied, firstly, experts are invited to score the actual situation of the project and the initial matrix is obtained, then the initial matrix is normalized, the entropy value of each indicator is solved and the weight of each indicator is calculated.




2.2. VIKOR Method


Like the other MCDM problems, there are numerous influential factors in the product design process. TOPSIS and VIKOR are two typical multi-criteria compromise methods [26]. Among them, the VIKOR method can maximize group utility and its compromise solution can be accepted by decision-makers. VIKOR is a multi-attribute optimization decision-making method put forward by Opricovic in 1998 [27,28,29]. It introduces the multicriteria ranking indicator based on the specific measure of “proximity” to the “ideal” solution [30]. It is a compromise solution for optimizing multi-attribute decision-making, and it is also a decision-making method based on the ideal point method [31]. In the process of ranking, the VIKOR method ranks the advantages and disadvantages of the schemes to be evaluated by comparing the group utility value, regret value and comprehensive utility value and the optimal scheme obtained by this method is closest to the ideal scheme.



VIKOR is an operative tool in MCDM, especially in a situation where the decision-makers are not able or unsure how to express their preference at the beginning of system design [32]; however, it has great defects when used independently and it can solve different problems in combination with other methods. In this paper, the entropy weight method and VIKOR method are combined and the objective weight of each indicator is achieved using the entropy weight method. By applying the VIKOR method, the best order of alternative schemes that maximize group benefits and minimize individual regrets are obtained and the best product design scheme is obtained.





3. Proposed Methodology


With the entropy weight system, the subjective factors of decision-makers in weighting are excluded and the objective weights of each indicator are obtained. By using the VIKOR method, the best order of compromised candidate schemes to maximize group benefits and minimize individual regrets is obtained and the best product design scheme is obtained. The evaluation and optimization process of the design scheme based on the entropy weight and VIKOR method is shown in Figure 1.



3.1. Establishment of Evaluation Indicator Model


The optimization and evaluation of the interface design scheme is a complex, multi-indicator decision-making problem and the selection of the evaluation indicators has the characteristics of integrity and non-overlap. Interface design is an integrated system design, including function, layout and human factors as well as aesthetic aspects [33,34]. Taking the design of the in-vehicle HUD interface as an example, field research, online questionnaire surveys and user interviews are conducted to explore the factors affecting the design points of HUD interface [35,36]. In-vehicle HUD should first meet the basic functional requirements of information display and navigation and then increase the auxiliary functions of non-driving related tasks (NDRT) such as entertainment systems to improve the additional value of the product. When the driver interacts with HUD, the interface needs to be clearly visible and easy to read. Therefore, readability is also an evaluation indicator that cannot be ignored [37,38]. The ultimate goal of the design is to provide a better user experience. Aesthetic considerations in the design process can improve the user experience. Aesthetics can be analyzed by considering the color application, symbol design and interface layout.



Through the multi-round Delphi method [39], the collected data and evaluation indicator factors are analyzed and discussed. Combined with the PSSUQ (Post-Study System Usability Questionnaire) [40], three evaluation indicators of the level 1 criteria layer and 15 evaluation indicators of the level 2 criteria layer for the evaluation of in-vehicle HUD interface design schemes are ultimately obtained. The level-1 layer has three criteria: usability, information quality and interface quality. It has the requirements of independence, non-overlap and integrity. At the same time, it has a certain degree of progression in the experience level. A1–A4 represents the level-2 criterion layer of availability; B1–B4 represents the level-2 criterion layer of information quality; C1–C4 represents the level-2 criterion layer of interface quality, as shown in Table 1.




3.2. Weight Calculation of Each Indicator


3.2.1. Create an Initial Evaluation Matrix


According to the theoretical research of VIKOR [30], there are m solutions in the evaluation system and each solution has n evaluation indicators. The evaluation value of each indicator of the solution m is expressed by aij to establish the original matrix of m × n.


   A  =        a  11        a  12      ⋯     a  1 n          a  12        a  22      ⋯     a  2 n        ⋮   ⋮      ⋮       a  m 1        a  m 2      ⋯     a  m n          



(1)








3.2.2. Normalized Evaluation Matrix


The matrix is normalized using the vector normalization method [41]. According to Equations (2) and (3), the cost type and beneficial type are normalized and the matrix Χ can be calculated as follows:


   x  i j   =    a  i j         ∑  i = 1  m    a  i j  2        ( j ∈  benificial   type  )  



(2)






   x  i j   =    1   a  i j           ∑  i = 1  m        1   a  i j        2        ( j ∈  cost   type  )  



(3)






   X  =        x  11        x  12      ⋯     x  1 n          x  12        x  22      ⋯     x  2 n        ⋮   ⋮      ⋮       x  m 1        x  m 2      ⋯     x  m n          



(4)








3.2.3. Establishing Entropy Weight Model


Based on the calculation model of the entropy weight method [24], after defining the m × n evaluation matrix, the attribute value proportion of the j-th decision indicator of the i-th scheme can be computed as:


   p  i j   =    x  i j       ∑  i = 1  m    x  i j        



(5)







Then calculate the entropy of the j-th decision indicator:


   e j  = − k   ∑  i = 1  m    p  i j   ln  p  i j      



(6)




where k is constant,   k =  1  ln m    .



Finally, the entropy weight value of each indicator is expressed by the following equation:


   w j  =   1 −  e j      ∑  j = 1  n   ( 1 −  e j  )      



(7)









3.3. Optimize the Design Scheme


3.3.1. Computation of utility value Si and individual regret Ri




   S i  =   ∑  j = 1  n      w j  (  x j +  −  x  i j   )    x j +  −  x j −       



(8)






   R i  =   max  j       w j  (  x j +  −  x  i j   )    x j +  −  x j −       



(9)




where:    x j +    is the positive ideal solution,    x j +  =   max  j     x  i j      ;



   x j −    is the negative ideal solution,    x j −  =   min  j     x  i j      .




3.3.2. Determine the Compromise Value of the Candidate Schemes Qi


In the last stage, the compromise value Qi can be calculated on the basis of the equation


   Q i  = ε    S i  −  S −     S +  −  S −    +   1 − ε      R i  −  R −     R +  −  R −     



(10)




where:    S +  =   max  i     S i     ;    S −  =   min  i     S i     ;    R +  =   max  i     R i     ;    R −  =   min  i     R i     ; ε- compromise coefficient, which is held as 0.5 [42], ε ∈ [0,1]. When ε > 0.5, it means taking the maximization of group interests as the decision basis. When ε < 0.5, the decision is based on individual regret minimization.




3.3.3. Determination of Optimal Scheme


The determination of the optimal scheme is divided into two steps:



	
The alternatives are arranged into descending order by the values of Si, Ri and Qi;



	
Ranked by Q from smallest to largest, option a1 at position 1 is the best option if it satisfies the following two conditions:






	
Condition 1:   Q    a 2    − Q    a 1    ≥ 1 ⁄   m − 1    , a2 is the second scheme by Qi value and m represents the number of alternative schemes.



	
Condition 2: Acceptable decision stability, option a1 must be ranked first in Si or Ri values and remain stable in decision making.






If both conditions 1 and 2 are satisfied, a1 is the best scheme; if only condition 1 is satisfied, there is a compromise solution set {a1, a2}; if only condition 2 is satisfied, there is a compromise solution set {a1, a2,..., am} and the maximum value of m is determined by   Q    a 2    − Q    a 1    ≥ 1 ⁄   m − 1     to determine the compromise solution set.






4. Case Study


4.1. HUD Interface Design


In this paper, three in-vehicle HUD interface designs were introduced to verify the proposed methodology. Based on the features of the HUD interface that has been mass-produced in the market at present, some key information was extracted about the interface design and an evaluation indicator system was set up (Table 1). Experts in HUD from a human factor and display technology perspective applied nine-level scales to assign the evaluation indicators and conduct a reliability and validity analysis of each indicator score in SPSS. The Cronbach α (0.860) and KMO coefficient (0.812) are both greater than 0.80, which showed the high reliability and rationality of these evaluation indicators.



The three candidate schemes are shown in Figure 2, Figure 3 and Figure 4 and we applied the Entropy Weight—VIKOR method to evaluate and optimize the design schemes. Each scheme includes the classic, minimalism and sport mode and the design elements and complexity of each mode are different. Here are three schemes as follows:




4.2. Optimizing Design Schemes


4.2.1. Establish an Initial Evaluation Matrix


A total of 20 R&D staff (designers and system testers) were recruited, including 10 males and 10 females (meanage = 32.5, SDage = 4.17). In accordance with the in-vehicle HUD interface design evaluation indicator system (Table 1), we used the nine-level scale (1–terrible, 9–excellent) to assign values to each evaluation indicator of the three design schemes, calculated their mean value and thus obtained the initial evaluation value of the scheme, as shown in Table 2, and established the initial evaluation matrix Α based on Table 2.


   A  =       8.2     8.0     8.2     8.2     8.3     8.0     8.0     8.3     7.6     8.0     8.0     8.1     7.8     7.3     7.7       7.9     8.0     7.8     7.9     7.9     7.5     7.3     4.0     7.4     7.6     7.7     7.9     7.6     7.3     7.4       7.8     8.0     7.7     7.2     7.8     7.6     7.6     3.0     7.1     7.5     3.0     8.0     7.2     7.0     7.2        



(11)








4.2.2. Normalized Evaluation Matrix


According to the calculation method of the VIKOR decision, all evaluation indicators in the evaluation system are of the beneficial type, so they were normalized using Equation (2) to obtain matrix Χ:


   X  =       0.594     0.577     0.599     0.609     0.599     0.600     0.605     0.857     0.595     0.600     0.696     0.585     0.597     0.585     0.598       0.572     0.577     0.570     0.586     0.570     0.562     0.551     0.412     0.580     0.570     0.669     0.570     0.582     0.585     0.575       0.565     0.577     0.563     0.534     0.563     0.570     0.574     0.310     0.556     0.562     0.260     0.577     0.552     0.561     0.559        



(12)








4.2.3. Computation of the Weight of Each Indicator Wj


We calculated the weight wj value of each indicator using Equation (7), as shown in Table 3.




4.2.4. Optimizing the Design Scheme


On the basis of Equations (8) and (9), we calculated the Si, Ri and Qi of the three schemes respectively and arranged them in ascending order. The calculated values of the scheme evaluation are shown in Table 4.



According to the evaluation VIKOR method best scheme, the schemes are arranged in ascending order of their compromise value Qi and are sorted into scheme 1, scheme 2 and scheme 3. Condition 1 is satisfied due to inequality   Q    a 2    − Q    a 1    ≥ 1 ⁄   m − 1    ; a1 is the best ranking among Si and Ri values and the order of the group utility value and the individual regret value is the same as the compromise value, so condition 2 is satisfied. As a consequence, scheme 1 is the optimized scheme.






5. Discussion


5.1. Result Interpretation


In the calculation of the objective weight of each evaluation index, it was found that indicators B1 and B4 have the highest weight, reaching B1 = 0.5057, B4 = 0.4425, indicating that B1(the interface provides clear information) and B4(The information organization structure on the interface is clear) are the most significant indicators to the in-vehicle HUD interface. Combined with the design schemes, the background shapes of the warning signs for each scheme are rectangle, circle and triangle. Under the condition of equal length and width, the rectangular area is the largest, which can attract the attention of the driver to the greatest extent, occupy the largest visual area, rapidly improve the driver’s situational awareness level and enable him to quickly detect the danger and take action [43].



Furthermore, by retrospect of participants’ oral description after the experiment, several insights were found that could be beneficial during the design process. For example, concerning the navigation signs, the majority of participants denoted that the navigation arrows would block or interfere with the pointing arrows on the road in some cases, or be excessively analogous to the painted arrows on the road, resulting in cognitive confusion and thus reducing the performance of driving main tasks. This resembled the conclusion reached in the previous literature [44], so the participants were more drawn to the boomerang-type navigation sign, as illustrated in scheme 1.




5.2. Methods Validation


In this paper, an entropy-weight-based VIKOR method is proposed to optimize the scheme of in-vehicle interface design. A case study involving an HUD concept design was employed to demonstrate the proposed method. To verify the validity of the entropy weight and VIKOR design scheme evaluation and optimization method, we compared the proposed method with other decision-making methods, e.g., the FCE (fuzzy comprehensive evaluation) [45], the GRA (grey relational analysis) [46] and the TOPSIS method [47]. In addition, the schemes’ evaluation values and ranking results obtained with the three methods are shown in Table 5.



It can be seen from Table 5 that scheme 1 is the first-rate all along. Except for the deviation in ranking between scheme 2 and scheme 3 of the FCE method, the ranking of the other schemes is consistent, which proves the feasibility and rationality of the proposed method. Next, we will discuss the advantages of this proposed method and the other three MCDM methods respectively.



Compared to the fuzzy comprehensive evaluation method, the evaluation of the relative importance of each indicator element in the fuzzy comprehensive evaluation method had a degree of subjective uncertainty and could not solve the problem of repeated evaluation information caused by the correlation between indicator factors. In this paper, the entropy weight method was used to reduce the subjective factors in the weighting and a more objective weight model for design scheme evaluation was established to make the evaluation results more accurate. In addition, we found very few differences between the values of each scheme in the fuzzy comprehensive evaluation method and there will be ranking deviation (Table 5), and the order of scheme 2 and scheme 3 is opposite.



Compared to the TOPSIS method, the difference between the evaluation values calculated by the TOPSIS method was quite minor and the distribution was dense. However, the excessively accurate ranking appeared in reverse order and the final result was not necessarily the optimal scheme. In the ranking process using the VIKOR method, the advantages of the evaluation schemes were ranked by the comparison of group utility value, regret value and comprehensive utility value. The optimal scheme obtained using this method was the closest to the ideal scheme. As shown in Table 5, the difference between the scheme values calculated by the TOPSIS method was small, which may not be suitable for decision-making in mass schemes, and the VIKOR method will show greater advantages on this occasion.



When it comes to the grey relational analysis method, we generally invited several industry experts to score the schemes and obtain the grey correlation value, which was highly subjective and the difference between the decision-making values of each scheme was small. As shown in Table 5, the difference between the maximum value and the minimum value was only 0.42. When there are many schemes, however, it is not conducive for the decision-makers to make more objective judgments.




5.3. Limitations


Note that this study is intended to introduce a new methodology, certain aspects of the case study may seem incomplete or overlooked. For instance, fifteen usability evaluation indicators were selected, however, some specific characteristics exist for in-vehicle HUD interface, such as interface occlusion, information density and visualization degree, which could be improved in future studies. While HUD interfaces have been used as a case study, the proposed method can be applied to other HMIs as well. However, it is essential to re-analyze the design parameters and modify the usability evaluation system based on the concrete characteristics of the relevant interface.



The proposed method uses the objective entropy weight coefficient to determine the weight value of the scheme, completely excluding the subjective preference of decision makers in the traditional VIKOR method, and drawing on expert notation data and using entropy weight to determine its objective weight. This approach somewhat ignores the experience and preferences of decision makers. However, in the practical design evaluation work itself, the experience and preference of decision makers can play a role in benchmarking and correcting design schemes.



In further work, we will attempt to integrate human physiological factors, e.g., eye movement, EEG (electroencephalogram), fMRI (functional magnetic resonance), EDA (electrodermal activity) [48], when it comes to design evaluation and optimization.





6. Conclusions


The evaluation and optimization of HUD interface design is an important issue in user experiences in the automobile industry. To solve this problem, a hybrid model was proposed in this study by combining the entropy weight and VIKOR methods to offset the inadequacy of one single valuation method and the feasibility of the proposed model was verified by comparative analysis of three design schemes of in-vehicle HUD interface. The following findings emerged from this study:



	(1)

	
The entropy weight—VIKOR evaluation model can preferably complement the lack of accuracy and objectivity of one single evaluation model and it can effectively improve the objectivity and accuracy of scheme evaluation results.




	(2)

	
The entropy weight—VIKOR model is introduced for design evaluation and optimization, which helps designers determine the optimal design schemes and achieve valuable design insights.




	(3)

	
The proposed method may be applied to evaluate the usability of various HMIs, even with subtle alterations to the evaluation system.
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Figure 1. Design scheme evaluation and optimization process based on entropy weight and VIKOR method. 
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Figure 2. HUD interface design scheme 1. This scheme adopts the solid boomerang navigation icon. The arrow thickness is appropriately increased in the design and the light and shadow effect is added to make it visually more stereoscopic. As for the WSP (warning system for pedestrians) and FCWS (forward collision warning system) design, the icons are designed in the form of squares as a whole and the specific presentation forms change with the different HUD system modes, e.g., in minimalism mode, only one semi-transparent warning rectangle is displayed. 
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Figure 3. HUD interface design scheme 2. Scheme 2 adopts hollow navigation arrows, which enhance the integration of AR icons and the real environment and avoid visual obstructions to road conditions. Cyclic annular warning icons are designed for the WSP and FCWS. To be specific, icons in sport mode are designed to be more dynamic and powerful. 
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Figure 4. HUD interface design scheme 3. The plane navigation arrow is used in scheme 3. Although it seems to occupy a lot of visual space, the plane arrow fades to transparent at its back end, so it is actually like a solid arrow with a tail outlined. Semi-transparent triangle background and circular warning icons are used for FCWS. 
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Table 1. In-vehicle HUD interface design evaluation indicator system.
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Layer 1

	
Layer 2






	
Usability

	
A1: Generally, I think this interface is easy to operate.




	
A2: The interface is useful for completing my task.




	
A3: I can use this product to complete tasks quickly.




	
A4: Good display effect (appropriate brightness, no ghost shadow and no dizziness).




	
A5: This interface is easy to learn how to use.




	
A6: The error prompt on the interface can guide me on how to solve the problem.




	
A7: When the operation is wrong, I can quickly and simply start over.




	
Information quality

	
B1: The interface provides clear information (such as help and tips).




	
B2: The information provided is easy to understand.




	
B3: This information is useful to complete the task.




	
B4: The information organization structure on the interface is clear.




	
Interface quality

	
C1: The information of the interface will not cause visual obstruction.




	
C2: The interface makes me feel happy and comfortable.




	
C3: I like the interface of this product.




	
C4: The product has all the functions expected.
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Table 2. Initial evaluation value of schemes.
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Evaluation Layer

	
Evaluation Indicator

	
Scheme 1

	
Scheme 2

	
Scheme 3

	
Indicator Type






	
Usability

	
A1

	
8.1

	
7.9

	
7.8

	
beneficial




	
A2

	
8.0

	
8.0

	
8.0

	
beneficial




	
A3

	
8.2

	
7.8

	
7.7

	
beneficial




	
A4

	
8.2

	
7.9

	
7.2

	
beneficial




	
A5

	
8.3

	
7.9

	
7.8

	
beneficial




	
A6

	
8.0

	
7.5

	
7.6

	
beneficial




	
A7

	
8.0

	
7.3

	
7.6

	
beneficial




	
Interface quality

	
B1

	
8.3

	
4.0

	
3.0

	
beneficial




	
B2

	
7.6

	
7.4

	
7.1

	
beneficial




	
B3

	
8.0

	
7.6

	
7.5

	
beneficial




	
B4

	
8.0

	
7.7

	
3.0

	
beneficial




	
Information quality

	
C1

	
8.1

	
7.9

	
8.0

	
beneficial




	
C2

	
7.8

	
7.6

	
7.2

	
beneficial




	
C3

	
7.3

	
7.3

	
7.0

	
beneficial




	
C4

	
7.7

	
7.4

	
7.2

	
beneficial
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Table 3. Calculation of each indicator weight wj.
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	Indicator
	     w j     
	Indicator
	     w j     





	A1
	0.000
	B2
	0.0057



	A2
	0.000
	B3
	0.0057



	A3
	0.0057
	B4
	0.4425



	A4
	0.000
	C1
	0.000



	A5
	0.0057
	C2
	0.0057



	A6
	0.0057
	C3
	0.000



	A7
	0.000
	C4
	0.0057



	B1
	0.5057
	-
	-
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Table 4. Si, Ri and Qi of each scheme.
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	No.
	Si
	Ri
	Qi





	1
	0.141
	0.119
	0.000



	2
	0.541
	0.377
	0.628



	3
	0.932
	0.463
	1.000
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Table 5. Evaluation results using different methods.
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	Method
	Scheme 1
	Scheme 2
	Scheme 3
	Ranking





	Proposed method
	0.00
	0.63
	1.00
	1 > 2 > 3



	FCE
	0.78
	0.13
	0.22
	1 > 3 > 2



	GRA
	0.81
	0.47
	0.39
	1 > 2 > 3



	TOPSIS
	0.15
	0.39
	0.48
	1 > 2 > 3







Note: The FCE is expressed by comprehensive evaluation value; the larger the evaluation value, the better the scheme. The TOPSIS method is expressed by the degree of closeness to the positive ideal scheme; the smaller the evaluation value, the better the scheme. The GRA method is expressed by grey correlation degree; the larger the evaluation value, the better the scheme.
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