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Due to the improvement of living standards, higher level of ergonomic performance is required for the products. As a result,
the ergonomic evaluation has become one of the key points in the decisions making of modern products, especially the complex
products. Aiming at improving the situation that the methods for ergonomic evaluation and decision making are one-sided and
discrete, this paper proposed severalmethods formeasuringmultiply factors and data format of products and built a comprehensive
evaluation and decisionmaking system. In this system, the data supplied by soft hardware and specialists were calculated separately
to gain the preliminary scores, and the preliminary scores were processed to get the final results for the decision making using the
AHP-GRA analytic hierarchy process-gray relational analysis method proposed in this paper.

1. Introduction

The products always change with the development of the
society. At an early year of design, designers pay almost all
of their attention into the realization of the functions and
the function or capability of a product is the most important
element in deciding whether the product is good or not. In
recent years, the factor of ergonomic has drawn more and
more attention of the users, and the products are required to
be more humanized to satisfy the customers.

As a result, the designers have to do a lot of work on
ergonomic from all angles, and the component of ergonomic
can be complicated. It is always difficult for the decision
makers to evaluate several proposals to find out the best
one in the development process, because there are too many
factors to be taken into consideration. Lots of companies and
institutions have been developing software and hardware to
simulate the using situation or to record data in the reality,
such as the Motion Analysis, Tekscan, and Applied Science
Laboratories. This equipment supplies plenty of information
of the human body when using the product and can reflect
the ergonomic performance in some way. On the other hand,
the designers and the decision makers often have a good
sense of the ergonomic performance of the product and

they always judge the proposals with their experiences. The
former solution for ergonomic evaluation cannot simulate
perfectly and the data of a single piece of equipment can only
reflect certain factors, while the latter one contains subjective
elements and it is not accurate enough.

This paper proposed an evaluation system that combines
the subjective and the objective evaluation to supply a
comprehensive solution for decision making on ergonomics.
Based on the entropy weight method and improved TOPSIS
method, the data of a single piece of equipment can be
processed to get the close-degree of each proposal to the
positive ideal solution. The fuzzy evaluation method can be
applied to process the data supplied by specialists, and the
score for each proposal can be acquired. The close-degree
and the score stand for the ergonomic levels and they can be
put together to figure out the final decision applying a new
method.

The remainder of this paper is organized as follows. In
Section 2, the related works on ergonomic evaluation is dis-
cussed. Our method for ergonomic evaluation and decision
making is presented in Section 3, in which we firstly build
a tree of ergonomic evaluation and present the evaluation
processing of soft hardware data and the fuzzy evaluation
processing of the specialists’ subjective score, and finally
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combine the results gained above to make the comprehensive
evaluation and get the final result. Section 4 reports the
implementation of the method and shows examples about
ergonomic evaluation of cockpit. The conclusion is drawn in
Section 5.

2. Related Works

Plenty of research about ergonomic evaluation has been
done by scholars from all over the world. In general, the
existing research focused on three points, and the first one is
research on how to evaluate specific items by using software
or hardware, which paid most attention to the processing of
data. The second type of research focuses on building system
for the ergonomic evaluation and the structure of the system
is the key point. The last type of research is about how to
evaluate the ergonomics according to the score supplied by
specialists, and the processing method always plays the most
important part.

On the first type of research, the instruments are used
to supply data. Ramsis was used to provide score labeled
the Ramsis discomfort value to develop an optimal TGS
lever envelop based on human characteristics [1]. Eye track-
ing system was used to investigate whether human eye
movement dynamics can predict computer-based assessment
performance in different presentation modalities. The study
added empirical evidence of a prediction model between eye
movement behaviors and successful cognitive performance
[2]. The EMG (electromyography) instrument was applied
to calculate signals under different accelerations in the
simulated dynamic driving environment to evaluate human
comfort under different dynamic driving environment [3].
On the second type of research, the Delphi is the most used
method to build the evaluation index. Research on using the
Delphimethod to build the evaluation indexes for unmanned
aerial vehicles ground control station, which can meet the
demand and can be used as the guidance for ergonomic
evaluation [4], and building evaluation index system based
onmodifiedDelphimethod to evaluate the helicopter display
interface [5] have been carried out. When it comes to the
third type of research on ergonomic evaluation, the specialists
play an important part and the MADM (multiple attribute
decision making) and the fuzzy evaluation are the most used
methods in the current research. Systems and theories of
ergonomic evaluation based on fuzzy MADM have been
developed [6–8].

Although the current research about ergonomic evalua-
tion is one-sided and uncomprehensive, they cover a lot of
fields and can supply basic method for this paper.

3. A New Method for Ergonomic Evaluation
and Decision Making

3.1. Tree of Ergonomic Evaluation. Generally, the data used
to evaluate the ergonomics can be divided into two kinds, the
accurate data and the fuzzy data.The accurate data is acquired
through software that can simulate the using situation of
the products such as Jack, Ramsis, Delmia, and hardware

that can measure certain physiological index of human body,
such as the Eye-Track System, the Pressure Scan System, the
EMG, and the BioNex. The fuzzy data is always supplied by
specialists that have good understanding of the product.

Due to the huge difference between the two kinds of
data, separate processing method has to be used. This paper
built an ergonomic evaluation tree, shown in Figure 1, to state
the evaluation system. For the soft hardware, this paper will
improve the existingmethod to get the result of each software
or hardware, and for the specialists, the fuzzy data will be
calculated using fuzzy evaluation method. Finally, the scores
will be joined together to gain the ranking of all the proposals
and decisions that can be made.

3.2. Evaluation of Soft Hardware Based on Entropy Weight
Method and Improved TOPSIS Method. The soft hardware
can supply huge number of data, and they must be classified
into different indexes. Here in this paper, the number of the
index was assumed to be 𝑛, and the proposal number was
assumed to be 𝑚. All the data of different index and proposal
formed the evaluation matrix 𝑋. Consider
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The process was carried out as in the following steps.

Step 1 (the standardization of the matrix). The data can be
divided into two kinds, the cost-type and the benefit-type.
The cost-type means the greater the number, the worse the
proposal, and the benefit-type is opposite. The evaluation
matrix must be standardized before the next calculation by
the method as follows.

For the benefit-type,
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The standard matrix 𝐴 was acquired. Consider
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Step 2. Assigning weights to each index using entropy weight
method [9, 10]. According to the definition of entropy in
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Figure 1: Tree of ergonomic evaluation.

chemistry, the entropy of the index 𝑗 in 𝐴 was defined as
follows:

𝐻
𝑗

= −

∑
𝑚
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ln𝑚

. (5)

The weight of the index 𝑗 was 𝑤
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Step 3. Constructing the decision-making matrix 𝑍
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Step 4. Calculating the positive ideal solution and the nega-
tive ideal solution
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Step 5. Calculating the distance of each proposal to the pos-
itive ideal solution and the negative ideal solution, because
the data in 𝑍 is smaller than 1, the square in the Euclidean
distance will make it smaller, and the distance will not be
exact. This paper used the Canberra distance instead of the
Euclidean distance to calculate the distance. The Canberra
distance was proposed by Lance and Williams, and it was
widely used in cluster analysis. The definition of Canberra
distance is as follows, and it is clear that it is better dealing
with small number:
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Then the distance to the positive ideal solution and the
negative ideal solution can be gained
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Step 6. Calculating the close-degree of each proposal to the
positive ideal solution 𝐴

𝑖
[8]:
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Step 7. Obtaining the results, 𝐴 = (𝐴


1
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2
, . . . , 𝐴



𝑚
).

The same process can be applied to all the other soft
hardware.

3.3. Fuzzy Evaluation of Specialists’ Subjective Score. A lot of
research has been done on evaluation about the specialists
that participate in the decision making, of which the MADM
was the most attractive one. Plentiful mathematical methods
were proposed to support the MADM as well, such as the
AWA (addition weighted average), OWA (order weighted
average), and TOPSIS. The MADM can be divided into
accurate MADM and fuzzy MADM according to the data
type processed. Due to the complexity and uncertainty of the
ergonomics, people often cannot offer accurate score even the
specialists. As a result, this paper will apply the fuzzyMADM
to proceed the evaluation.

To express the subjective score of the specialists, the
interval number must be defined. If 𝑠 = [𝑠

𝑎
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𝑏
}, it can be defined as an interval number, and 𝑠
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be the upper limit and the lower limit, respectively. Several
definitions of the interval number are as follows.

The exponentiation of the interval number:
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Table 1: Transform from linguistic variables into IFN.

Linguistic variables IFN
Very important (0.90, 0.05, 0.05)
Important (0.75, 0.20, 0.05)
Medium (0.50, 0.40, 0.10)
Unimportant (0.25, 0.60, 0.15)
Very unimportant (0.10, 0.80, 0.10)

The length of the interval number:

𝑙 (𝑠) = 𝑠
𝑏

− 𝑠
𝑎
. (14)

The possibility degree of the interval number [11]:
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2
− 𝑠
𝑎

1
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𝑙
1

+ 𝑙
2

. (15)

3.3.1. Assigning Weight for the Specialists. The specialists are
of different majors, levels, and experiences, which will affect
their understanding of the proposal. Thus, different weight
must be assigned to different specialists. Article [12] of the
references offered a method to calculate the weight of each
specialist in a group based on subjective weight assignment,
which can solve the problem of weight assignment in this
paper.

This method was based on the definition of the IFS
(Intuitionistic Fuzzy Set).

If 𝐴 = {⟨𝑥, 𝜇
𝐴
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𝐴
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𝐴
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degree, and 0 ≤ 𝜇
𝐴

(𝑥) + V
𝐴

(𝑥) ≤ 1, 𝐴 will be defined as an
IFS on 𝑋.

Based on the definition of IFS, the IFN (Intuitionistic
Fuzzy Set) can be defined. If 𝜋

𝐴
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𝐴
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𝐴
, the array

𝛼 = (𝜇
𝐴

, V
𝐴

, 𝜋
𝐴

) can be named IFN [12, 13].
The linguistic variables used to describe the specialists can

be transferred into IFNs as Table 1 (The scores of IFN were
an example, and they can change slightly according to the
situation).

Assuming the number of specialists is 𝑡, theweight of each
one of them can be calculated using the equation as follows
[14]:
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It can be known that ∑
𝑡

𝑘=1
𝜆
𝑘

= 1, which means that
this method assigned the whole weight in the form of a
percentage.

3.3.2. Concentration of the Evaluation Data. The concentra-
tion means to combine the data and the weight to simplify
the matrix.

The scores offered by the specialists were put together to
form the decision-making matrix. After the standardization,
the standard matrix 𝑅
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Calculated using (3), the weights of specialists were
computed with the scores to get the 2nd generation decision-
making matrix 𝑅

𝑚
[15]:
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Assuming that the weight vector of the factors of the
products calculated using AHP was 𝑊 = (𝛼

1
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second concentrationwas proceeded to get the final decision-
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After that, the complementary judgment matrix 𝑃 was
built by the data in 𝑅
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using (15):
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Adding all the data of each line in 𝑃, the final result of the
evaluation of specialists 𝐵


= (𝐵


1
, 𝐵


2
, . . . , 𝐵



𝑚
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in which 𝐵
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(𝑃
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).

3.4. Comprehensive Evaluation and Decision Making. To get
the final result of the evaluation, the results in Sections 3.2 and
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3.3 were combined to build the new decision-making matrix
𝐹

𝐹 = (𝐹
𝑖𝑗
)
𝑚×(𝑙+1)

=

𝑄
1

𝑄
2

.

.

.

𝑄
𝑚

[

[

[

[

[

[

[

[

[

[

𝐺
1

𝐺
2

⋅ ⋅ ⋅ 𝐺
𝑙

𝐺
𝑙+1

𝐴
11

𝐴
12

⋅ ⋅ ⋅ 𝐴
1𝑙

𝐵
1

𝐴
21

𝐴
22

⋅ ⋅ ⋅ 𝐴
2𝑙

𝐵
2

.

.

.

.

.

. 𝐴
𝑖𝑗

.

.

.

.

.

.

𝐴
𝑚1

𝐴
𝑚2

⋅ ⋅ ⋅ 𝐴
𝑚𝑙

𝐵
𝑚

]

]

]

]

]

]

]

]

]

]

.

(21)

Assigning weight for the software and specialists is com-
plicated because the weight changes in different situations.
This paper divided the process into two parts, the subjective
part and the objective part, and proposed a new method
AHP-GRA to solve the problem.

Assuming that the importance 𝐺
𝑖
relative to 𝐺

𝑗
was 𝐽
𝑖𝑗

=

𝐺
𝑖
/𝐺
𝑗
, the judge matrix 𝐽 was built

𝐽 =

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

1 𝐽
12

𝐽
13

⋅ ⋅ ⋅ 𝐽
1(𝑙+1)

1

𝐽
12

1 𝐽
23

⋅ ⋅ ⋅ 𝐽
2(𝑙+1)

1

𝐽
13

1

𝐽
23

1 ⋅ ⋅ ⋅

.

.

.

.

.

.

.

.

.

.

.

. 1 𝐽
1𝑙

1

𝐽
1(𝑙+1)

1

𝐽
2(𝑙+1)

⋅ ⋅ ⋅

1

𝐽
1𝑙

1

]

]

]

]

]

]

]

]

]

]

]

]

]

]

]

. (22)

After checking the consistency of 𝐽, the subjective weight
of each factor in 𝐹 was acquired [16]

𝑤


𝑖
=
(𝑙+1)
√

𝑙+1

∏

𝑗=1

𝐽
𝑖𝑗

(𝑖, 𝑗 = 1, 2, . . . , 𝑙 + 1) . (23)

Standardizing the weight to get𝑤


= (𝑤


1
, 𝑤


2
, . . . , 𝑤



𝑙+1
) by

the computing as follows:

𝑤


𝑖
=

𝑤


𝑖

∑
𝑙+1

𝑗=1
𝑤


𝑗

(𝑖 = 1, 2, . . . , 𝑙 + 1) . (24)

Finding the largest score 𝜌 in 𝐹 and building the ref-
erenced vector 𝜃 = (𝜌, 𝜌, . . . , 𝜌) and then calculating the
distance between the data in 𝐹 and 𝜃 [17]:

𝐷
𝑗

=

𝑚

∑

𝑖=1

(𝜌 − 𝐹
𝑖𝑗
)

2

(𝑗 = 1, 2, . . . , 𝑙 + 1) . (25)

Amending the distance with 𝑤


𝐷


𝑗
=

𝐷
𝑗

𝑤


𝑗

(𝑗 = 1, 2, . . . , 𝑙 + 1) . (26)

Theweight of each factor in𝐹was acquired by𝑤
𝑗

= 1/(1+

𝐷


𝑗
). After the standardization through 𝑤

∗

𝑗
= 𝑤
𝑗
/ ∑
𝑙+1

𝑖=1
𝑤
𝑖
, the

final weight 𝑤
∗

= (𝑤
∗

1
, 𝑤
∗

2
, . . . , 𝑤

∗

𝑙+1
) can be acquired.

The index 𝜇(𝑥) contains the decision-making data and
the weight. The index before and after the amendment is as
follows:

𝜇
0

(𝑗) =

𝑛

∑

𝑖=1

𝐹
𝑖𝑗
𝑤


𝑗
,

𝜇 (𝑗) =

𝑛

∑

𝑖=1

𝐹
𝑖𝑗
𝑤
∗

𝑗
.

(27)

Then calculating the distance between 𝜇
0
(𝑗) and 𝜇(𝑗):

𝐿 (𝜇, 𝜇
0
) = √

𝑙+1

∑

𝑗=1

(𝜇 (𝑗) − 𝜇
0

(𝑗))
2

. (28)

If 𝐿 is smaller than the set threshold 𝜀, the weight is good
to use. Otherwise, the value of 𝑤

∗ will be transferred to 𝑤
,

and the process above will be carried out again until 𝐿 < 𝜀.
It is clear that the final weight involves both the subjective

and the objective elements and it can balance the factors
better.

After getting the weight of each factor in 𝐹, the same
calculated process in Section 3 can be applied to acquire the
final results of each proposal, and the ranking of themwill tell
which one is the best in ergonomic.

4. Implementation and Examples

In a cooperative project with an aircraft design organization,
four proposals of the cockpit were supplied to make the
decision. To evaluate these proposals, this paper applied
Jack software, the ASL Eye-track 6 System, and the Tekscan
Pressure Scan System to do the evaluation separately. And 4
specialists including 3 pilots and a designer of aircraft were
invited to evaluate these proposals.

4.1. Processing of Soft Hardware. The Jack software is devel-
oped by University of Pennsylvania and it supplies plenty
of tools for ergonomic evaluation. After lightweight and
transformation of the 3D models, the four proposals were
imported into Jack. Due to the confidentiality of this project,
the models have to be simplified as shown in Figure 2.

In this paper, the tool of view zone and reach zone analysis
was used to calculate the number of components inside or
outside the range of view zones and reach zones. At the same
time, themethod of RULA (rapid upper limb assessment) and
the Lower Back Analysis were applied to gain the RULA score
and the L4/L5 forces.The evaluation results of Jack are shown
in Table 2.

The results were put together to build the evaluation
matrix 𝑋:

𝑋 =

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

1 2 7 593 3

1 3 8 420 4

3 4 7 338 3

2 2 7 411 5

]

]

]

]

]

]

. (29)



6 Discrete Dynamics in Nature and Society

Q1 Q2

Q3 Q4

Z

Figure 2: Four proposals of aircraft cockpit in Jack.

Table 2: Evaluation results of Jack.

Proposals
Number of controllers out
of the range of the hands’

reach zone

Number of displayers out of
the range of the view zone

Number of buttons in the
range of thumb’s reach zone L4/L5 Forces Score of RULA

1 1 2 7 393 3
2 1 3 8 420 4
3 3 4 7 438 3
4 2 2 7 411 5

Standardizing the matrix using (2) and (3) to get the
standard matrix 𝐴:

𝐴 =

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

0.35 0.32 0.24 0.18 0.30

0.35 0.21 0.28 0.25 0.23

0.12 0.16 0.24 0.31 0.30

0.18 0.32 0.24 0.25 0.18

]

]

]

]

]

]

. (30)

The entropy of each index can be calculated by using (5):

𝐻
1

= 0.936, 𝐻
2

= 0.974, 𝐻
3

= 0.998,

𝐻
4

= 0.985, 𝐻
5

= 0.988.

(31)

The weight of each index can be acquired using (6):

𝑤
1

= 0.0726, 𝑤
2

= 0.0295, 𝑤
3

= 0.0023,

𝑤
4

= 0.0170, 𝑤
5

= 0.0136.

(32)

The decision-making matrix 𝑍:

𝑍 =

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

0.0254 0.0094 0.0006 0.0031 0.0041

0.0254 0.0062 0.0007 0.0041 0.0031

0.0087 0.0047 0.0006 0.0053 0.0041

0.0131 0.0094 0.0006 0.0041 0.0024

]

]

]

]

]

]

. (33)
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Table 3: Linguistic variables and IFN of the specialists.

Specialists Linguistic variables IFN
1 Medium (0.45, 0.35, 0.20)
2 Important (0.75, 0.20, 0.05)
3 Very important (0.90, 0.05, 0.05)
4 Medium (0.55, 0.35, 0.10)

Finding the positive solution and the negative solution:

𝑧
+

= (0.0254, 0.0094, 0.0007, 0.0053, 0.0041) ,

𝑧
−

= (0.0087, 0.0062, 0.0006, 0.0031, 0.0024) .

(34)

Calculating the Canberra distance and then the close-
degree using (10) and (11):

𝐴


1
= (0.738, 0.638, 0.300, 0.411) . (35)

The same process can be applied to acquire the results of
the ASL Eye-Track 6 System and the Tekscan System:

𝐴


2
= (0.532, 0.281, 0.421, 0.732) ,

𝐴


3
= (0.522, 0.634, 0.347, 0.139) .

(36)

4.2. Fuzzy Evaluation of Specialists. The importance of the 4
specialists was decided by their experience and ages and the
linguistic variables and IFN were listed in Table 3.

The weight of each specialist can be calculated using (16):

𝜆
1

= 0.193, 𝜆
2

= 0.271, 𝜆
3

= 0.326,

𝜆
4

= 0.210.

(37)

In the evaluation of the cockpit, the upper and lower
limits of the interval numbers were set from 1 to 7, standing
for the ergonomic levels from “very bad” to “very good.” The
scores of the ejection seat, the layout of the displayers, the
layout and structure of the controllers, and the color of the
cockpit offered by the specialist were put together to build
𝑅
1
∼𝑅
4 :

𝑅
1

=

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

[5, 6] [4, 6] [5, 7] [5, 6]

[4, 5] [5, 6] [4, 6] [6, 7]

[6, 7] [3, 6] [3, 5] [5, 7]

[4, 6] [5, 6] [6, 7] [4, 5]

]

]

]

]

]

]

,

𝑅
2

=

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

[4, 7] [4, 5] [5, 6] [6, 7]

[3, 5] [5, 7] [4, 6] [4, 5]

[5, 6] [3, 7] [4, 5] [5, 6]

[3, 6] [5, 7] [5, 6] [4, 6]

]

]

]

]

]

]

,

𝑅
3

=

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

[4, 6] [5, 7] [3, 6] [5, 6]

[4, 5] [4, 6] [6, 7] [5, 6]

[3, 7] [3, 6] [4, 5] [4, 6]

[5, 6] [6, 7] [5, 7] [4, 5]

]

]

]

]

]

]

,

𝑅
4

=

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

[3, 5] [5, 6] [4, 6] [5, 7]

[4, 7] [3, 5] [5, 7] [2, 6]

[4, 5] [4, 6] [3, 5] [6, 7]

[3, 6] [4, 7] [5, 6] [3, 6]

]

]

]

]

]

]

.

(38)

The 2nd generation decision-making matrix 𝑅
𝑚
can be

acquired using (18):

𝑅
𝑚

=

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

[3.93, 5.97] [4.53, 6.03] [4.04, 6.22] [5.24, 6.40]

[3.72, 5.34] [4.17, 5.97] [4.79, 6.52] [4.04, 5.91]

[4.19, 6.30] [3.20, 6.23] [3.58, 4.99] [4.83, 6.39]

[3.77, 6.01] [5.01, 6.76] [5.17, 6.57] [3.78, 5.46]

]

]

]

]

]

]

.

(39)

The weight of the ejection seat, the layout of the display-
ers, the layout and structure of the controllers, and the color
of the cockpit were 𝑊 = (0.292, 0.234, 0.357, 0.117), and the
final decision-making matrix 𝑅

𝑓
was acquired using (19):

𝑅
𝑓

=

[

[

[

[

[

[

[4.24, 6.12]

[4.22, 5.96]

[3.78, 5.79]

[4.52, 6.30]

]

]

]

]

]

]

. (40)

Applying (15) to build the complementary judgment
matrix 𝑃:

𝑃 =

[

[

[

[

[

[

0.5000 0.525 0.601 0.437

0.475 0.500 0.581 0.409

0.399 0.419 0.500 0.335

0.563 0.591 0.665 0.500

]

]

]

]

]

]

. (41)

The final results of the specialists were acquired:

𝐵


= (2.063, 1.965, 1.653, 2.319) . (42)

4.3. Comprehensive Evaluation and Decision Making. Apply-
ing the results in Sections 4.1 and 4.2 to build the new
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decision-making matrix 𝐹
 and standardize the matrix using

(2) and (3) to get the standard matrix 𝐹:

𝐹


=

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

0.738 0.532 0.522 2.063

0.638 0.281 0.634 1.965

0.300 0.421 0.347 1.653

0.411 0.732 0.139 2.319

]

]

]

]

]

]

,

𝐹 =

𝑄
1

𝑄
2

𝑄
3

𝑄
4

[

[

[

[

[

[

0.354 0.271 0.318 0.258

0.306 0.143 0.386 0.245

0.144 0.214 0.211 0.207

0.197 0.372 0.085 0.290

]

]

]

]

]

]

.

(43)

The judgematrix 𝐽was built according to the importance:

𝐽 =

[

[

[

[

[

[

[

[

[

[

1 5 7 2

1

5

1 2

1

2

1

7

1

2

1

1

3

1

2

2 3 1

]

]

]

]

]

]

]

]

]

]

. (44)

The consistency of 𝐽 is good and there is no need
to correct it. The subjective weight of each factor can be
calculated using (23):

𝑤
1

=
4

√1 × 5 × 7 × 2 = 2.893,

𝑤
2

=
4

√
1

5

× 1 × 2 ×

1

2

= 0.669,

𝑤
3

=
4

√
1

7

×

1

2

× 1 ×

1

3

= 0.393,

𝑤
4

=
4

√
1

2

× 2 × 3 × 1 = 1.316.

(45)

Standardizing the subjective weight to get 𝑤


:

𝑤


= (0.549, 0.127, 0.075, 0.250) . (46)

Setting the reference data 𝜃 = (0.386, 0.386, 0.386, 0.386)

and calculating the distance between the data in 𝐹 and 𝜃:

𝐷
1

= 0.102, 𝐷
2

= 0.102, 𝐷
3

= 0.126,

𝐷
4

= 0.078.

(47)

Amending the distance

𝐷


1
= 0.186, 𝐷



2
= 0.803, 𝐷



3
= 1.68,

𝐷


4
= 0.312.

(48)

Then the final weight can be acquired:

𝑤
1

= 0.843, 𝑤
2

= 0.555, 𝑤
3

= 0.373,

𝑤
4

= 0.762.

(49)

Then the final weight of each factor can be acquired:

𝑤
∗

1
= 0.333, 𝑤

∗

2
= 0.219, 𝑤

∗

3
= 0.147,

𝑤
∗

4
= 0.301.

(50)

Set the threshold 𝜀 = 0.1, and it can be calculated that
𝐿 = 0.031 < 𝜀. The final weight is good.

Building the decision-making matrix 𝑍
𝑓
with 𝐹 and the

weight

𝑍
𝑓

=

[

[

[

[

[

[

0.118 0.059 0.047 0.078

0.102 0.031 0.058 0.074

0.048 0.047 0.031 0.062

0.066 0.082 0.012 0.087

]

]

]

]

]

]

. (51)

Finding the positive solution and the negative solution

𝑧
𝑓

+
= (0.118, 0.082, 0.058, 0.087) ,

𝑧
𝑓

−
= (0.048, 0.031, 0.012, 0.062) .

(52)

Calculating the Canberra distance and then the close-
degree using (10) and (11)

𝐴
𝑄1

= 0.817, 𝐴
𝑄2

= 0.646, 𝐴
𝑄3

= 0.358,

𝐴
𝑄4

= 0.453.

(53)

From the ranking of close-degree, it can be known that
the best proposal on ergonomics is 𝑄

1
. The final result was

approved by the aircraft design organization and the scores
of each factors obtained during the process was coincident
with their attitudes.

5. Conclusions

Involving subjective feeling, comfortableness, reaching zones
and so on, the ergonomics evaluation of products is com-
plicated, and lots of different methods can be applied. From
the global perspective, this paper proposed a comprehensive
method that can combine almost all the soft hardware that
are related to ergonomics and the specialists to help dealing
with the decision-making problem among certain proposals.
Compared to traditional ones, this method is more detailed
and of more operability, and it can improve and speed up the
ergonomic evaluation and decision making in the product
development.
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