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Abstract: The ergonomic level of cockpit display design can be improved by establishing an objective and effective method for 

evaluating the ergonomics of the cockpit display. Given the fuzz problem in ergonomic evaluation, a new intuitionistic fuzzy 

evaluation method is proposed based on the Intuitionistic Fuzzy Ordered Weighted Geometric Average (IFOWGA) operator 

and the possible degree function in this work. Firstly, the intuitionistic fuzzy evaluation matrix considering the hesitation 

degree of experts' determination is first constructed as the basis of intuitionistic fuzzy evaluation. Secondly, using the IFOWGA 

operator the intuitionistic fuzzy evaluation values are obtained through aggregating the evaluation matrix. And these values 

are ranked to get the level of ergonomic evaluation by possible degree ranking function. Finally, an evaluation example based 

on the cockpit display of a certain aircraft is given to verify the effectiveness of the proposed approach. Six alternatives of the 

evaluation result are obtained by the aggregation of the IFOWGA operator. Applied the possible degree function, the 

ergonomic evaluation grade of the aircraft cockpit display is the second level by ranking the alternative sand the variation of 

intuitionistic fuzzy value is already small when the number of experts is more than 16. It can be shown from the results that the 

ergonomic level of cockpit display can be objectively and scientifically evaluated by the proposed quantitative method, and it 

can provide a theoretical basis and practical methods for improving the ergonomic level of cockpit display design. 
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1. Introduction 

The aircraft cockpit display interface is the main 

source for pilots to obtain the required information. It 

is required that the information can be transmitted to 

the pilots accurately to the maximum extent, so as to 

optimize the decision-making and control, and avoid 

the occurrence of misjudgment and misoperation 

accidents [21]. Therefore, the scientific and reasonable 

design of the man-machine interface plays a very 

important role in improving the flight efficiency of 

pilots, reducing pilots' workload, and ensuring flight 

safety [29]. 

The ergonomic evaluation of aircraft cockpit 

displays is an effective means to make aircraft have a 

good man-machine display interface. The defects of 

the man-machine display interface design can be 

found, and the design can be optimized and improved 

through the evaluation. Many countries have long 

recognized the importance of aircraft cockpit display 

ergonomic evaluation, and put great energy into this 

research field, promoting the rapid development of 

ergonomic science [6, 14]. These evaluations usually 

rely on the subjective feelings or experience of aviation 

experts. Ergonomic evaluation can be quantified by 

NASA-TLX [18], analytic hierarchy process [23, 27], 

fuzzy analytic hierarchy process [26], grey area 

correlation analysis [7], fuzzy comprehensive 

evaluation method [1, 16], etc., These evaluation 

methods have made a lot of useful achievements in the  

 
improvement of evaluation index, weight, and 

comprehensive evaluation [25]. Compared with the 

deterministic analytic hierarchy process, it can make 

the decision results more reasonable. However, due to 

the complexity of the aircraft cockpit display, the 

decision-maker cannot give very deterministic 

preference information for each factor in the decision-

making process, and there is often some uncertainty, so 

that the decision-making results are presented as 

positive, negative, or hesitation between positive and 

negative. Since the traditional fuzzy set theory can 

only express the decision-makers' preference 

information of affirmative and negative, it is 

increasingly restricted and challenged in its application 

[12]. 

Intuitionistic Fuzzy Set (IFS) evaluation method 

takes full consideration of the positive, negative, and 

hesitation attitudes in the evaluation through the three 

dimensions of membership, non-membership, and 

hesitation [2, 3], and aggregates the evaluation value of 

each index by information integration method, making 

the evaluation result more reasonable [24, 30]. In view 

of this, a new intuitionistic fuzzy decision-making 

approach is proposed to evaluate the cockpit display 

ergonomic in this study. Firstly, the evaluation index 

system is established to comprehensively reflect all 

aspects of the ergonomic characteristics of aircraft 

cockpit display interface by the Modified Delphi 

method, and the intuitionistic fuzzy evaluation matrix 
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is constructed according to the evaluation index system 

and the hesitation degree of the evaluators. Secondly, 

the evaluation matrix is aggregated by using the 

proposed Intuitionistic Fuzzy Ordered Weighted 

Geometric Average (IFOWGA) operator. On the basis 

of the above, the improving possible degree ranking 

function is used to rank the aggregation values to 

obtain the evaluation results. Finally, the evaluation 

method proposed in this paper is used to assess the 

cockpit display ergonomic of a certain type of aircraft.  

2. Construction of Evaluation Index System 

According to the characteristics of many qualitative 

studies and limited research data, this work adopts the 

method to construct the evaluation index system of the 

cockpit display ergonomic by the Modified Delphi 

(MD) method [13]. The effective evaluation index 

system is determined. As shown in Table 1. 

Suppose the domain X of IFS is the target layer, and 

the criterion layer in Table 1 is defined as: 

U={U1, U2, ... Ui ... U4} 

For each subclass Ui of the criterion layer, the 

corresponding evaluation index of the index layer is 

defined as: 

Ui={Ui1, Ui2, Uij, ..., UiNi}, i=1,...,4, Ni is the number 

of the index in the criterion layer Ui. 

Table 1. Evaluation index system of cockpit display ergonomic. 

Target layer (U) Criterion layer (Ui) Index layer ( ijU ) 

Evaluation index 

of cockpit display 

ergonomic (U) 

Display contents ( 1U ) 

Character ( 11U ) 

Brightness ( 12U ) 

Color ( 13U ) 

Code ( 14U ) 

Glare ( 15U ) 

Display characteristics 

( 2U ) 

Information readability ( 21U ) 

Design consistency ( 22U ) 

Information clarity ( 23U ) 

Function suitability ( 24U ) 

Reliability ( 3U ) 

Error proofing design ( 31U ) 

Anti-interference ( 32U ) 

Redundancy ( 33U ) 

Display environment 

( 4U ) 

Lighting ( 41U ) 

Vibration ( 42U ) 

Thermal environment ( 43U ) 

3. Classification of Overall Ergonomic 

Evaluation Level 

The classification of the overall ergonomic evaluation 

level of the aircraft cockpit display should be 

established according to the characteristics of the 

ergonomic index of the cockpit display and the 

comparison of corresponding index benchmarks. The 

evaluation level is divided into six levels in this work 

[17], that is, V={v1, v1, ..., v6}. Where, v1 corresponds 

to the highest level of ergonomic and v6 to the lowest. 

Each level is described by the meaning of comments, 

which is more conducive to understanding and 

practice. The meanings of each level are shown in 

Table 2. 

Table 2. Aircraft cockpit display overall ergonomic level and its 

meanings.  

Level Evaluation level meanings 

v1 
Satisfaction. No compensation from pilots is required to achieve 

satisfactory performance. 

v2 
There are negligible defects and no compensation from pilots is 

required to achieve satisfactory performance. 

v3 
There are some moderate defects, and appropriate compensation 

is required from pilots to achieve sufficient performance. 

v4 

There are some defects with high dissatisfaction, and large 

compensation is required from pilots to achieve sufficient 

performance. 

v5 
There are some defects with very high dissatisfaction, and strong 

compensation is required from pilots to achieve sufficient 

performance. 

v6 
There are some large defects, and some of the required 

operations cannot be completed. 

4. Preliminaries: Intuitionistic Fuzzy Sets 

Fuzzy set theory has been widely applied in many 

fields since it was proposed by Zadeh [31]. IFS 

proposed by Atanassov [2], which is different from the 

traditional fuzzy set, measures information more 

accurately due to fully considering some information 

of the fuzzy value of membership, nonmembership, 

and hesitation [22]. Therefore, the method and 

application based on intuitionistic fuzzy set have 

strong rationality [10]. Many scholars have carried out 

in-depth research on IFS, and the representative fuzzy 

sets include interval fuzzy set [15], intuitionistic fuzzy 

set [20], interval intuitionistic fuzzy set [33], 

intuitionistic trapezoidal fuzzy set [8], and hesitative 

fuzzy set. etc., [11]. The relevant theories and 

applications of intuitionistic fuzzy set have always 

been the research hotspots in the fuzzy field. 

The intuitionistic fuzzy evaluation is a method of 

comprehensive evaluation based on fuzzy mathematics 

by applying the IFS and the synthesis principle of 

intuitionistic fuzzy relations to quantify some factors 

with unclear boundaries and difficult quantification 

[9]. 

 Definition 1. IFS Let X be a given set. An IFS in X is 

an object A given by: 

 , ( ), ( )A AA x x x x X    

Where : [0,1]A X   and : [0,1]A X  represent 

the membership function and non-membership 

function of A respectively. And x X   in A, satisfy 

0 ( ) ( ) 1A Ax x    . If ( ) ( ) 1A Ax x   , A is a 

common fuzzy set. IFS A can be simplified as 

, ,A AA x    or , /A AA x  . The membership 
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boundary value of element x in set A is defined as 

subintervals  ( ),1 ( )A Ax x   on [0,1], which is 

called the intuitionistic fuzzy value of A briefly. 

5. Intuitionistic Fuzzy Evaluation 

5.1. Construction of Intuitionistic Fuzzy 

Evaluation Matrixin Criterion Layer 

The process of constructing an intuitionistic fuzzy 

evaluation matrix is as follows. 

Firstly, the evaluation result set Z corresponding to 

the subclass Ui of the criterion layer is defined as: 

1 2{ , , , , , }, 1,2, ,m KZ z z z z m K   

Where K represents the number of elements in the 

evaluation result set. K value can be different from the 

subclass of evaluation index in the criterion layer, and 

generally, the same value is adopted. For example, the 

following evaluation result set is taken in this work, 

namely: {excellent, good, average, fair, poor, fail}. 

Secondly, several flight experts (Suppose the 

number of L) who are experienced and familiar with 

background make simulation flight on simulator 

respectively. After the flight, the flight parameters 

recorded by the computer system are provided to the 

experts. According to flight parameters and their 

respective experience, experts determine the 

probability that each evaluation index Uij belongs to 

the evaluation level zm(m=1,2,...,6) (including 

“belonging to”, “not belonging to”, and “uncertain” of 

three cases). The number of L experts who select each 

case respectively is counted (suppose Rijmμ, Rijmy and 

Rijmh), and the intuitionistic fuzzy evaluation value bijm
 

that the evaluation index Uij
 

is determined to level 

zm(m=1,2,...,6)
 
is given by: 

, ,
ijm ijm

ijm ijm ijm

R R
b

L L

 
     

Similarly, intuitionistic fuzzy evaluation values of 

other indexes can be obtained according to Equation 

(1), and the intuitionistic fuzzy evaluation matrix of 

subclass Ui in the criterion layer composed of these 

values as elements is given by: 

11 21 1

12 22 2

16 26 6

i

i

i

i i iN

i i iN

i

i i iN

b b b

b b b
B

b b b

 
 
 

  
 
  

 

Equation (2) is the evaluation matrix represented by 

the intuitionistic fuzzy set, which is converted into the 

form of intuitionistic fuzzy value as: 

6

11 11 21 21 1 1

12 12 22 22 2 2

16 16 26 26 6 6

,1

,1 ,1 ,1

,1 ,1 ,1

,1 ,1 ,1

i

i i

i i

i i

i ijm ijm N

i i i i iN iN

i i i i iN iN

i i i i iN iN

B  

     

     

     


 

   
 
   
 
 
 

    

 

Where, the intuitionistic fuzzy evaluation matrix iB

represents the evaluation results of experts on all 

indexes of subclass Ui in the criterion layer, and it 

includes all the information of affirmation, negation, 

and hesitation in expert evaluation. So it makes the 

evaluation results more accurate. 

5.2. Intuitionistic Fuzzy Information 

Aggregation 

In order to complete the intuitionistic fuzzy evaluation 

of the criterion layer, Equation (3) needs to be 

effectively aggregated and evaluated. For this reason, 

the basic algorithm of intuitionistic fuzzy is defined in 

this work, and the operator of Ordered Weighted 

Geometric Average (OWGA) is extended to the field of 

IFS based on this algorithm, as well as the operator of 

IFOWGA operator can be obtained [5]. Next, the basic 

operation laws of intuitionistic fuzzy value are defined. 

 Definition 2 (Basic operations of intuitionistic fuzzy 

value) Let  ,1c cc     and  ,1d dd    be 

intuitionistic Fuzzy Values, and basic operation laws 

are defined as follows:  

1.  , (1 )(1 )c d c de c d         ； 

2. , (1 ) , 0c cf c          . 

Obviously, e and f  are still intuitionistic fuzzy 

values. According to the operation law of definition 2, 

the OWGA operator is extended to IFS. 

 Definition 3 IFOWGA operator Let  1 2, , , nc c c

be a group of intuitionistic fuzzy values, and P: Tn→ 

T.  

       
1 2

1 2 1 2

1

, , , =
n

j

n

n j n

j

P c c c d d d d
  



      

Where jd is the jth largest element in 1 2, , , nc c c ; 

W=(⍵1, ⍵2, ..., ⍵n) is the n-dimensional weighted 

vector associated with P ,  0,1 ,1j j n    , and 

1

1
n

j

j




 . So P is the n-dimensional IFOWGA 

operator. 

Next, the intuitionistic fuzzy aggregation of the 

criterion layer is illustrated by taking the subclass U1 as 

an example. For the weighted vectors of IFOWGA 

operator in Equation (4), Xu and Yager [28] proposed a 

(1) 

(2) 

(3) 

(4) 
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weighting method based on normal distribution, which 

has rich properties. In this work, according to the index 

number of subclass U1 in the criterion layer, the 

weighted vector is assumed as: 

 
1 2 3 4 5, , , ,       

According to the IFOWGA operator provided by 

Equation (4), the matrix 1B  in Equation (3) is 

aggregated, and U1 is determined to be the 

intuitionistic fuzzy aggregated value of each evaluation 

level zm(m=1,2,...,6), which can be given by: 

1 2

3 4

5

5

1 1 1

1

11 11 12 12

13 13 14 14

15 15

,1

,1 ,1

,1 ,1

,1

j

m jm jm

j

m m m m

m m m m

m m

z



 

 



 

   

   

 



   
 

          

          

   


 

Where 
1 ( 1,2, ,6)mz m   

indicates that subclass U1 of the 

criterion layer is determined as the membership degree, 

non-membership degree, and hesitation degree of each 

evaluation level zm(m=1,2,...,6). Similarly, according to 

Equations (1) to (6), the intuitionistic fuzzy value that 

each subclasses Ui(i=1,2,...,4) is determined to each 

level zm(m=1,2,...,6) is given by

( 1,2, ,4. 1,2, ,6)imz i m  . 

Then, the evaluation matrix composed of 

( 1,2, ,4. 1,2, ,6)imz i m   as elements in the target layer 

is constructed as: 

11 21 41

12 22 42

16 26 46

z z z

z z z
B

z z z

 
 
 
 
 
 

 

According to the IFOWGA operator provided by 

Equation (4), the matrix B  in Equation (7) is 

aggregated, and the intuitionistic fuzzy evaluation 

value that U is determined to each level zm(m=1,2,...,6) 

is acquired as ( 1,2, ,6)mz m  . ( 1,2, ,6)mz m   

represents that the cockpit display ergonomic belongs 

to the membership degree, non-membership degree, 

and hesitation degree of each evaluation level. What 

level the ergonomic evaluation belongs to needs to be 

further processed for the above six intuitionistic fuzzy 

values. 

5.3. Synthetic Evaluation based on Improving 

Possible Degree Function 

In order to get the final evaluation results, the above 

intuitionistic fuzzy values need to be synthesized, so 

the possible degree function is introduced to compare 

and rank them. In this section, the possibility degree 

between intuitionistic fuzzy sets is firstly defined, and 

the intuitionistic fuzzy value ranking method based on 

the improving possible degree function is proposed to 

rank the intuitionistic fuzzy value of evaluation level. 

The possible degree reflecting the magnitude 

relationship between intuitionistic fuzzy sets is defined 

as follows. 

 Definition 4 (Possible degree) , ( )A B IFS X  , if 

the function  p A B  satisfies:  

1. 0 ( ) 1p A B     

2. If and only if 1 ( ) ( )B Ax x   , ( ) 1p A B   

3.  If and only if 1 ( ) ( )B Ax x   , ( ) 0p A B    

4. ( ) ( ) 1p A B p B A    , in particular 

( ) 1/ 2p A B    

5.  If and only if ( ) ( ) ( ) ( )A A B Bx x x x      , 

( ) 1/ 2p A B   

6. ( )C IFS X  , if ( ) 1/ 2p A B   and 

( ) 1/ 2p B C  , then ( ) 1/ 2p A C  . 

Then, function ( )p A B  is called the possible degree 

of IFS [19]. 

In order to extend the possible degree function to 

IFS, the favorite possible degree measure formula is 

given by theorem 1 below. 

 Theorem 1 Suppose , ( )A B IFS x  , then  

1 ( ) ( )
( ) max 1 max ,0 ,0

( ) ( )
B A

BA

x x
p A B

x x

 

 

     
   

    

 
  



 

Equation (8) is called the possible degree of A B . 

The proof of above theorem is similar to that on the 

real number set [4], so it is ignored here. 

For  1, 2, ,6mz m  , according to Equation (8) the 

possible degree matrix is given as follows by 

comparing them in pairs. 

12 16

21 26

61 62

0.5

0.5

0.5

p p

p p
S

p p

 
 
 
 
 
 

 

Equation (9) is a fuzzy complementary judgment 

matrix, and the order of all intuitionistic fuzzy values 

can be given by the transitivity of a possible degree. In 

this work, the ranking equation of intuitionistic fuzzy 

values are given as follows [32]. 

1

1
1

( 1) 2

N

m mn

n

N
p

N N




 
   

  
  

According to Equation (10), the ranking vector ρ= 
(ρ1,ρ2,..., ρ6)

 
of matrix S can be obtained, and the 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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intuitionistic fuzzy values  1, 2, ,6mz m   are ordered 

according to the magnitude of ρm. If the following 

equation is satisfied, 

1 6
max( )m m

m
 

 
  

Then for the index U of the overall target layer, the 

result of the intuitionistic fuzzy evaluation is mz  , and 

the corresponding evaluation result is level mv  . 

6. Example and Simulation 

6.1. Example Application 

According to the evaluation approach proposed in this 

work, an evaluation example of the cockpit display 

ergonomic is conducted by 24 experienced active 

pilots based on a certain aircraft simulator. The display 

screen and logic of the cockpit display system are 

consistent with the real one, which can simulate the 

flight state in real time, and the equipment display 

changes and switches in real-time with flight changing. 

Before evaluation, 24 pilots need to accomplish a 

whole dynamic flight process in a flight simulator, 

which mainly includes cruise tasks, taking-off, and 

landing, etc. The flight simulation time is about 830 

seconds due to slight variations in the operating time of 

different pilots when they perform manual take-off or 

landing operations. In the process of flight simulation, 

the computer system automatically records flight 

parameters, which are provided to the pilot to assist in 

decision-making after the flight. The recorded flight 

parameters mainly include aircraft pitch Angle, 

airspeed, air pressure height, course Angle and roll 

Angle, etc. The specific steps of ergonomic evaluation 

are as follows. 

 Step 1: According to the evaluation index system 

established in Table 1 and Equation (2), the 

intuitionistic fuzzy evaluation matrix composed of 

bijm as elements in the criterion layer is formed in 

Table 3. 

Table 3. Intuitionistic fuzzy evaluation matrix of the criterion layer. 

level z1 z2 z3 z4 z5 z6 

U1 

U11 <0.50,0.29> <0.92,0.04> <0.42,0.50> <0.33,0.54> <0.21,0.67> <0.13,0.71> 

U12 <0.25,0.67> <0.75,0.25> <0.58,0.38> <0.46,0.50> <0.38,0.50> <0.29,0.63> 

U13 <0.54,0.25> <0.50,0.42> <0.67,0.25> <0.42,0.54> <0.42,0.46> <0.33,0.67> 

U14 <0.42,0.38> <0.83,0.08> <0.46,0.46> <0.38,0.54> <0.25,0.71> <0.17,0.79> 

U15 <0.71,0.17> <0.58,0.42> <0.46,0.42> <0.33,0.50> <0.38,0.54> <0.29,0.67> 

U2 

U21 <0.42,0.54> <0.67,0.29> <0.29,0.58> <0.21,0.71> <0.17,0.79> <0.13,0.83> 

U22 <0.25,0.67> <0.96,0.04> <0.17,0.75> <0.08,0.83> <0.13,0.71> <0.04,0.92> 

U23 <0.21,0.71> <0.88,0.08> <0.33,0.54> <0.17,0.67> <0.13,0.79> <0.08,0.92> 

U24 <0.38,0.50> <0.58,0.25> <0.25,0.54> <0.53,0.33> <0.21,0.71> <0.17,0.75> 

U3 

U31 <0.29,0.67> <0.88,0.04> <0.29,0.54> <0.21,0.67> <0.17,0.75> <0.08,0.75> 

U32 <0.33,0.54> <0.67,0.17> <0.46,0.42> <0.21,0.63> <0.33,0.50> <0.25,0.58> 

U33 <0.33,0.63> <0.75,0.21> <0.38,0.54> <0.17,0.75> <0.21,0.63> <0.04,0.92> 

U4 

U41 <0.38,0.46> <0.25,0.71> <0.33,0.67> <0.71,0.13> <0.17,0.75> <0.08,0.83> 

U42 <0.21,0.75> <0.13,0.83> <0.17,0.79> <0.92,0.04> <0.08,0.88> <0.04,0.92> 

U43 <0.29,0.58> <0.21,0.67> <0.29,0.54> <0.83,0.13> <0.25,0.67> <0.08,0.88> 

The specific calculation method of element in 

Table 3 is to count the numbers of pilots who 

respectively choose membership and non-

membership for each index and they are applied to 

the Equation (1). Then the matrix provided by Table 

3 is constructed by the calculation result. 
 

 Step 2: According to the IFOWGA aggregation 

operator provided by Equation (4), the  

 

intuitionistic fuzzy evaluation matrix of the 

criterion layer obtained in the previous step is 

aggregated to get the intuitionistic fuzzy value 

imz  (i= 1, 2, …, 4. m=1, 2, …, 6), and the 

intuitionistic fuzzy evaluation matrix of the target 

layer is constructed with imz
 

as elements, as 

shown in Table 4. 

Table 4. Intuitionistic fuzzy evaluation matrix of the target layer. 

level z1 z2 z3 z4 z5 z6 

U1 <0.49,0.53> <0.72,0.76> <0.47,0.49> <0.38,0.43> <0.33,0.38> <0.24,0.29> 

U2 <0.32,0.36> <0.77,0.82> <0.26,0.31> <0.24,0.34> <0.16,0.25> <0.10,0.14> 

U3 <0.39,0.42> <0.78,0.84> <0.38,0.42> <0.23,0.27> <0.21,0.29> <0.12,0.19> 

U4 <0.29,0.33> <0.32,0.40> <0.28,0.31> <0.65,0.70> <0.17,0.25> <0.07,0.11> 

The elements in Table 4 are calculated by applying 

the weight coefficient and the elements in each row of 

Table 3 to Equation (6). Then the matrix provided by 

Table 4 is constructed by the calculation result. 

 Step 3: IFOWGA operator is used to aggregate the 

intuitionistic fuzzy evaluation matrix of the target  

 

layer, and the intuitionistic fuzzy values that the target 

layer U is judged as each level Zm(m= 1, 2, …,6) are 

given by: 

1= 0.3819, 0.4041z , 
2 = 0.7056, 0.7341z , 

3 = 0.3475, 0.3750z ,
4 = 0.3635, 0.4022z , 

(11) 
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5 = 0.2175, 0.2425z , 
6 = 0.1325, 0.1615z  

 Step 4: According to the possible degree function 

defined by Equation (8), ( 1, 2, , 6)z m
m


 

are 

compared in pairs to obtain the measure p between 

two intuitionistic fuzzy values, and through 

Equation (9) the possible degree matrix is given by: 

0.5 0 1 1 1 1

1 0.5 1 1 1 1

0 0 0.5 1 1 1

0 0 0 0.5 0.862 1

0 0 0 0.138 0.5 1

0 0 0 0 0 0.5

S

 
 
 
 
 
 
 
 
  

 

According to the ranking formula provided by 

Equation (10), the ranking vector of the above matrix 

is calculated as: ρ=(0.2167 0.2500 0.1833 0.1454 

0.1213 0.0833)  

According to the ranking vector, the ranking of the 

intuitionistic fuzzy values ( 1, 2, , 6)z m
m

  is obtained, 

and the ranking results are shown in Table 5. 

Table 5. Comprehensive ranking of different evaluation levels. 

SN Level Value Ranking Vector Ranking 

1 v1 <0.3819,0.4041> 0.2167 2 

2 v2 <0.7056,0.7341> 0.2500 1 

3 v3 <0.3474,0.3750> 0.1833 3 

4 v4 <0.3635,0.4022> 0.1454 4 

5 v5 <0.2172,0.2425> 0.1213 5 

6 v6 <0.1326,0.1618> 0.0833 6 

The ranking of evaluation level in Table 5 is carried 

out according to values in the ranking vector. 

Since 2
1 6
max( )m

m
 

 
 , the final intuitionistic fuzzy 

evaluation value is 2mz z  , and the ergonomic level 

of the cockpit display of this type of aircraft is “v2”. It 

can be seen from the analysis of the intuitionistic fuzzy 

evaluation matrix of the target layer that the aircraft 

cockpit display ergonomic in the aspect of subclasses 

U1, U2, and U3 of the criterion layer is good, but the 

ergonomic evaluation in the aspect of U4 is poorer, 

namely, the pilots think the aircraft cockpit display 

levels in the aspects of “display contents”, “display 

characteristics” and “reliability” are “good”, but in the 

aspect of “display environment” is “poor”. So the 

design level of the cockpit display environment still 

needs to be further improved. 

6.2. Simulation and Analysis 

In order to examine the stability of the evaluation 

result of intuitionistic fuzzy, the intuitionistic fuzzy 

values mz   calculated based on the different number of 

experts are compared and analyzed, and the changing 

trend of the intuitionistic fuzzy value mz   with the 

increasing number of experts is shown in Figure 3. 

 

Figure 1. Comparison of intuitionistic fuzzy values mz   for 

different expert numbers. 

As can be seen from Figure 1, when the number of 

experts is more than 16, the variation of intuitionistic 

fuzzy value is already small. And when the number of 

experts is more than 22, the calculated results are 

stable. It can be shown that the intuitionistic fuzzy 

evaluation method adopted in this work has good 

stability. 

7. Conclusions 

In this work, the key problems in the ergonomic 

evaluation of aircraft cockpit displays are studied, and 

the evaluation approach based on intuitionistic fuzzy is 

scientific, rational, and applicable to engineering. The 

proposed quantitative evaluation approach based on 

intuitionistic fuzzy describes the fuzziness of expert 

evaluation through the "non-membership degree" 

attribute, considers the hesitation degree of expert 

decision-making, and carries out comprehensive 

processing of multi-attribute decision-making through 

IFOWGA operator and possible degree function, so as 

to realize the quantitative evaluation of aircraft cockpit 

display ergonomic. It can be shown from the example 

analysis results that the proposed ergonomic evaluation 

approach of aircraft cockpit display and data 

processing method can be applied to the engineering 

practice, and classify the existing problems in the 

cockpit. display. The proposed approach can provide 

some technical references for the man-machine 

ergonomic evaluation of military aircraft, and also can 

be further extended to other complex systems. 
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