
  

Abstract—Unmanned combat aircraft (UCA) are expanding 

significantly in several defense industries, along with artificial 

intelligence improvements in highly precise technology. UCA is 

crucial in military settings for targeting enemy elements, and 

objects. UCA is also utilized for highly precise reconnaissance and 

surveillance tasks. To select the best alternative for critical missions, 

a methodical and effective strategy for UCA selection is required. 

Multiple criteria decision-making (MCDM) methodologies are 

ideally equipped to handle the complexity of alternative aircraft 

selection. To analyze UCA alternatives for the selection process, an 

integrated methodology built on the objective criteria weights and 

preference analysis for reference ideal solution (PARIS). First, the 

weights of essential elements are determined using the average 

weight (AW), standard deviation (SW) and entropy weight (EW) 

approach. The weights of the evaluation criteria affect the decision-

making process. The aircraft choices in the decision problem are 

then ranked using objective criteria weights along with the PARIS 

technique. The validation and sensitivity analysis of the proposed 

MCDM approach are discussed. 

 

Keywords—Unmanned combat aircraft (UCA), multiple criteria 

decision making, MCDM, PARIS.  

I. INTRODUCTION 

s the global military risks reach an ultracritical level, 

defense authorities regularly make complicated 

judgments while taking into account a wide range of 

evaluation variables. When purchasing unmanned combat 

aircraft, decisions concerning defense sustainability usually 

mix a number of objective evaluation factors with highly 

subjective value judgments.  

This evaluation process is usually accomplished utilizing 

the decision maker's intuition, which, regrettably, can result 

in inconsistent decision-making and doubt regarding whether 

the proper preferences are reflected in the decision policy. 

Multiple criteria decision analysis, a systematic procedure 

can be a useful apparatus for decision-makers to assess 

competing options in a multifaceted defense context. 

In military decision-making settings, decision trees, a 

visual decision support tool that visualizes choices and their 

likely results, are frequently used as part of a systematic 

approach to decision making. Unfortunately, the capacity of 

simple decision trees to handle complicated issues with 

several conflicting decision criteria is relatively constrained. 

The choice could get more difficult if additional factors 

need to be considered. Then, modeling all available attributes 

simultaneously in a single decision-making model becomes 
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necessary. To do this, each characteristic would need to be 

transformed into a single common measure, after which each 

attribute would need to be traded off in order to arrive at a 

weighting that accurately reflects the decision maker's 

relative preferences. 

Multiple criteria decision making (MCDM) analysis is the 

name of the overall method for methodically tackling various 

kinds of situations. The MCDM method has four stages in its 

most basic form [1-3]:  

 

Framing the decision and identifying the goals and 

objectives that the decision maker must achieve, 

Identification of all decision options (alternatives) and any 

relevant characteristics (attributes) that pertain to the 

decision-making goals, 

Specifying preferences for all the attributes individually as 

well as between the elements in the framework, 

Ranking the choice alternatives based on the given 

preferences, with knowledge of each decision alternative's 

attribute data. 

 

It's significant to remember that such preferences exist for 

each characteristic as well as between attributes. Preferences 

serve as the foundation for making logical decisions once 

they are established. 

In a multiple attribute decision-making situation, the 

various attributes are probably measured in several units. 

Some characteristics, like "maneuverability," of the aircraft 

might even be quantified.  

In order to formalize a common unit’s assessment and to 

identify the decision maker's preferences for each attribute 

across its respective unit’s scale, the MCDM framework uses 

multiple attribute utility theory (MAUT) [4]. The steps in the 

application process for MAUT are: 

 

Defining the characteristics (attributes) to be used to 

evaluate the decision goals, 

Normalizing all attributes' measurements or scales 

uniformly across all possible options, 

Weighing the preferences for those characteristics 

(attributes). 

 

For each attribute, the decision-maker must develop a 

single measure utility function in step two. With the help of 

mathematics, this utility function converts monetary or other 

values into utility values. As a result, there is a utility value 
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( )xU  on a standard scale, such as 0 to 1, for each value of an 

attribute x. 

Utility is determined for qualitative features once an 

assessment scale is created and the utility function is built 

using that scale. Consistency checks should be done 

carefully. 

Once the preferences for individual attributes are specified, 

the decision maker can then establish preferences between the 

characteristics by stating the weights in a multiple attribute 

utility function of the following form: 

 

( )

1

( )
J

x i i j

j

U u x 
=

=  ,1 i I  , 1 j J                                   (1) 

 

where utility function 
( )xU ; normalized utility values 

( )i iu x , weight values 
j  are given. 

Decision models under MAUT abide by a set of 

fundamental principles for "clear thinking" that specify their 

structure and assist the decision maker in avoiding 

inconsistency. Examples of decision model attributes based 

on MAUT include decision alternatives can be ranked 

ordered, at which point the ordering is transitive, and 

independence states that a third, unrelated option cannot 

change the orderings between two alternatives. These MAUT 

axioms aid decision makers in avoiding certain paradoxes in 

their decision-making processes. This procedure aims to 

produce a model that can withstand scrutiny and produce 

consistent results. 

Unmanned combat aircraft are evaluated based on a variety 

of factors, including economic, environmental, and 

technological factors. Multiple criterion decision making 

approach is widely used to solve such complex problems. 

One of the key components of decision theory, it offers a 

versatile concept that can handle and combine a variety of 

factors assessed in various ways and so provide the decision 

makers with useful support. 

For the examination and selection of alternatives under a 

set of criteria, numerous multiple criteria-based decision 

making systems have been created. A matrix made up of rows 

of alternatives and columns of target criteria was used to 

depict the multidimensional assessment of alternatives. Using 

an MAUT methodology, the options are examined, and the 

outcomes are contrasted using sensitivity analysis. 

Using Shannon's entropy weight (EW) approach, the 

relative weights for the various properties were determined. 

Other objective criteria weight methods are average weight 

(AW), and standard deviation weight (SW).  Many MCDM 

evaluation and selection problems use the AHP (Analytic 

Hierarchy Process) [5-8],  TOPSIS (Technique for Order of 

Preference by Similarity to Ideal Solution) [9-10], and 

VIKOR (VIseKriterijumska Optimizacija I Kompromisno 

Resenje) [11-12] approach that is a multiple criteria decision 

making analysis method.  

For the evaluation of alternatives, PROMETHEE 

(Preference Ranking Organisation Method for Enrichment of 

Evaluations) [13-16], which is based on the outranking 

method, is used. To assess the options, ELECTRE 

(ELimination Et Cholx Traduisant la REalite) [17-18], 

another outranking methodology, is presented. To choosing 

the best alternative, a modified fuzzy methodology 

integrating fuzzy AHP and TOPSIS is put forth. Fuzzy AHP 

was used to calculate the selection criteria weights, while 

TOPSIS was used to assess the alternatives. Also,  standard 

fuzzy sets (SFS) and their extensions have been applied to 

numerous MCMD problems [20-31]. 

Following a thorough examination of the aforementioned 

MCDM techniques and their applications for the assessment 

and choice of unmanned combat aircraft, it is found that the 

multiple criteria decision making methods have a tendency to 

be sophisticated, knowledge-intensive, involve more 

computations, and are less effective when dealing with 

circumstances where there are alternatives for consideration 

[32-55]. 

There is no a single MCDM approach that works as 

effectively for all decision problems. A straightforward, 

organized, logical, and consistent approach or instrument is 

required to assist decision-makers in selecting the best choice. 

As a result, MCDM methodology for the assessment and 

selection of unmanned combat aircraft is established by 

integrating objective criteria weights. 

The rest of the paper is organized as follows: In Section 2, 

the PARIS (Preference Analysis for Reference Ideal 

Solution) method, and the objective criteria weights methods 

are presented. In Section 3, application of the proposed 

methodology is presented for selecting unmanned combat 

aircraft. In Section 4, concluding remarks and future research 

directions are discussed. 

II. METHODOLOGY 

A. The PARIS (Preference Analysis for Reference Ideal 

Solution) Method 

Suppose that multiple criteria decision making (MCDM)  

analysis problem has I alternatives ( )1,...,i ia a a= , i ∈  

{ 1,...,i I= }, and J criteria ( )1,...,j jg g g= ,j ∈ { 1,...,j J= }, 

and the importance weight of each criterion (
j , j ∈  

{ 1,...,j J= }) is defined.  

The PARIS method is performed according to the 

following procedural steps [56-61]: 

 

Step 1. Constructing the decision matrix [ ]ij ixjX x=  

 

1

11 1

1

jgg

j

i ij

ixj

x x

X

x x

 
 
 =
 
 
 

                                                        (2) 

 

 

Step 2. Normalizing the decision matrix 

 

a. Normalizing way 1 (Vector normalization): 

 

 If jg  is the criterion, the bigger the better 
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2

1

ij

ij
I

ij

i

x
r

x
=

=



                                                                            (3) 

 

 If 
jg  is the criterion, the smaller the better 

 

2

1

1
ij

ij
I

ij

i

x
r

x
=

= −



                                                                       (4) 

 

b.  Normalizing way 2 (Linear normalization): 

 

If 
jg  is the criterion, the bigger the better 

 

max

ij

ij

j

x
r

x
=                                                                                (5) 

 

If 
jg  is the criterion, the smaller the better 

 
min

j

ij

ij

x
r

x
=                                                                                 (6) 

 

c. Normalizing way 3 (Max-Min linear normalization):  

 

If 
jg  is the criterion, the bigger the better  

 
min

  max min

 

  

ij j

ij

j j

x x
r

x x

−
=

−
                                                                (7)                                                                                                                                                

 

If 
jg  is the criterion, the smaller the better 

 
max

  max min  

j ij

ij

j j

x x
r

x x

−
=

−
                                                                    (8) 

 

Step 3. Calculating the weighted normalized value 

 

ij j ijz r=                                                                                   (9) 

 

Step 4. Summarizing the weighted normalized values 

 

1

J

i j ij

j

r 
=

=                                                                            (10) 

 

Step 5. Rank the alternatives. The solution with the largest 

value of 
i  is the best solution. 

 

Step 6. Identifying the elements of reference ideal solution  

( *

jz ) 

 

   * * *

1 ,..., ( | ), (min |j j i ij i ijz z z max z j B z j C= =            (11) 

 

where B represents a criterion as large as possible, C 

represents a criterion as small as possible. 

 

Step 7. Calculating the distance *( )ij j ijd z z= − from the 

reference ideal solution ( *

jz ) 

 

* *

1 1

( )
J J

i j ij ij

j j

z z d
= =

= − =                                                             (12) 

 

Step 8. Rank the alternatives according to the principle that 

the one with the smallest value of *

i  is the best choice. 

 

Step 9. Calculating the distance from the alternatives to the 

ideal solution. 

 
1/2

ax 2 * *,min 2( ) ( )m

i i i i iR     = − + −                                  (13) 

 

Step 10. Rank the alternatives according to the principle that 

the one with the smallest value of 
iR  is the best choice. 

 

B. Methods of Determining Weights 

 

a. The Average Weight Method 

 

Average weight (AW) is determined according to the 

following formula. 

 

1
j

J
 =  , 1,...,j J=                                                                  (14) 

          

1

1
J

j

j=

 =  , 0j  ,  1,...,j J=                                          

 

where 1,...,j J=  is the number of criteria, and 
j  is the 

weight of the jth criterion
jg .  

 

b. The Standard Deviation Weight Method 

 

Standard deviation weight (SW) is determined according 

to the following steps: 

 

Step 1.Determining the factors' normalized values [ ]ij ixjX x=  

 

1

ij

ij I

ij

i

x
p

x
=

=


                                                                         (15) 

 

Step 2. Determining the standard deviation value for each 

factor 

 

World Academy of Science, Engineering and Technology
International Journal of Aerospace and Mechanical Engineering

 Vol:17, No:3, 2023 

95International Scholarly and Scientific Research & Innovation 17(3) 2023 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 A
er

os
pa

ce
 a

nd
 M

ec
ha

ni
ca

l E
ng

in
ee

ri
ng

 V
ol

:1
7,

 N
o:

3,
 2

02
3 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/1

00
13

00
7/

pd
f



2

1

1
( )

I

j ij j

i

p
I

 
=

= −                                                       (16) 

 

1

1 I

j ij

i

r
I


=

=   

 

Step 3. Determining the standard deviation weight for each 

factor 

 

1

j

j J

j

j





=

=


                                                                          (17) 

 

1

1
J

j

j=

 =  , 0j  ,  1,...,i I= , 1,...,j J=                                          

 

where 
j is the standard deviation, 

j is the mean value of 

the jth normalized factor
ijp , and 

j  is the weight of the jth 

criterion 
jg . 

 

c. The Entropy Weight Method 

 

The entropy weight (EW) is determined according to the 

following steps. 

 

Step 1. Determining the factors' normalized values 

[ ]ij ixjX x=  

 

1

ij

ij I

ij

i

x
p

x
=

=


                                                                         (18) 

 

where 
ijx  is the value of criterion j corresponding to option 

i and I is the number of alternatives. 

 

Step 2. Determining the Entropy measure's value for each 

factor 

 

1

1
ln

ln

I

j ij ij

i

E p p
I =

= −                                                         (19)                

 

Step 3. Determining the entropy weight for each factor 

 

1

1

(1 )

j

j J

j

j

E

E



=

−
=

−
                                                                  (20) 

 

1

1
J

j

j=

 =  , 0j  ,  1,...,i I= , 1,...,j J=                                          

 

where j  is the weight of the jth criterion jg . 

III. APPLICATION 

A. UCA (Unmanned combat Aircraft) Selection Index  

Unmanned combat aircraft (UCA) selection index (
iR ) is 

a metric of comparative value that can be used to choose an 

unmanned combat aircraft for a certain defense application. 

The selection index is used to evaluate the UCA selection 

function that incorporates measures of attributes and their 

relative importance. The selection index 
iR  is the UCA 

selection function's numerical value. Lower values of 
iR  will 

produce the desired value of the UCA selection index because 

the UCA selection function comprises the quantitative 

measures of UCA selection attributes. The values of attributes 

ijx  are necessary information to calculate this index. 

B.  The Values of Attributes 

It is preferable to determine the value of 
iR  from actual or 

estimated data. When quantitative values for the attributes are 

available, normalized values for the attributes assigned to the 

alternatives are calculated using the Equations (2) – (8). 

Normalized values assigned to alternatives for a given 

application are either based on a beneficial attribute 

indicating higher measures are more desirable or based on a 

non- beneficial attribute indicating lower measures are more 

desirable.  A ranked value assessment on a fuzzy conversion 

scale is used when a quantitative value is unavailable. The 

value of the attributes (
ijx ) can be first determined as 

linguistic terms, converted into corresponding fuzzy 

numbers, and then converted to crisp scores using fuzzy set 

theory ,  , ( ) |SS x x x X=     , the membership degree 

of an element is  , its non-membership is 1 = − , and its 

indeterminacy degree is accepted as “0”, 1  = − −  [19]. 

A numerical approximation approach was proposed to 

systematically convert linguistic concepts into their 

corresponding fuzzy numbers [62]. Table 1 is suggested 

which corresponds to the fuzzy conversion scale (11-point 

scale) in Fig. 1 and displays the UCA selection feature on a 

qualitative scale using fuzzy logic.  

 

 
 
Fig. 1 Linguistic term into their corresponding fuzzy numbers  

(11-point scale) 
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The normalized values of the attribute assigned for various 

alternatives are then determined in the same way as for 

quantitative attributes once a qualitative attribute is 

represented on a conversion scale. An 11-point scale is only 

taken into consideration in this work for a precise description 

of the value of a qualitative attribute.  

 
Table 1. Values of UCA selection attributes and conversion of 

linguistic terms into fuzzy scores (11-point scale) 

 
Qualitative measures of UCAV 
selection attributes 

Fuzzy 
number 

Assigned  
values 

Exceptionally low 
1M  0,045 

Extremely low 
2M  0,135 

Very low 
3M  0,255 

Low 
4M  0,335 

Below average 
5M  0,410 

Average 
6M  0,500 

Above average 
7M  0,590 

High 
8M  0,665 

Very high 
9M  0,745 

Extremely high 
10M  0,865 

Exceptionally high 
11M  0,955 

C. Determining the Weights of the Criteria 

In the multiple criteria decision analysis, considering a 

selection problem with unmanned combat aircraft 

acquisition, six choice criteria are chosen by the Air Force 

experts’ group to evaluate UCA alternatives. The six decision 

criteria were used to evaluate the UCA systems: costability 

1g , payloadability 
2g , maneuverability 

3g , speedability 
4g

, stealthility 
5g , and survivability 

6g . Only one of these six 

attributes, costability
1g  is non-beneficial. The other five 

attributes, payloadability 
2g , maneuverability 

3g , 

speedability 
4g , stealthability 

5g , and survivability 
6g , are 

considered beneficial [32-59].  

Equation (2) is used to construct the decision matrix as 

shown in Table 2. Equation (14) was applied to determine the 

weights of the criteria according to the AW method. In 

addition, Equations (15)-(17) are used to determine the 

weights for the criteria according to the SW method. 

Equations (18)-(20) determine the weights of the criteria of 

the EW method. The computed results are shown in Table 3.  

 
Table 2. Decision matrix 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,745 0,335 0,955 0,665 0,600 0,410 

A2 0,865 0,500 0,865 0,865 0,335 0,665 

A3 0,745 0,955 0,665 0,745 0,745 0,955 

A4 0,590 0,045 0,410 0,335 0,410 0,255 

A5 0,665 0,500 0,865 0,865 0,135 0,745 

A6 0,590 0,745 0,590 0,865 0,335 0,500 

A7 0,255 0,745 0,135 0,335 0,255 0,665 

A8 0,865 0,335 0,745 0,045 0,665 0,410 

A9 0,590 0,745 0,665 0,335 0,410 0,590 

A10 0,500 0,665 0,590 0,665 0,045 0,745 

A11 0,335 0,255 0,865 0,135 0,665 0,500 

A12 0,045 0,955 0,255 0,590 0,255 0,865 

A13 0,500 0,590 0,335 0,045 0,590 0,410 

A14 0,410 0,500 0,955 0,665 0,500 0,500 

A15 0,255 0,410 0,865 0,865 0,135 0,045 

A16 0,135 0,955 0,590 0,745 0,665 0,335 

A17 0,745 0,865 0,665 0,045 0,135 0,335 

A18 0,500 0,335 0,665 0,500 0,665 0,500 

A19 0,665 0,410 0,335 0,865 0,745 0,590 

A20 0,410 0,255 0,410 0,045 0,410 0,255 

 

Table 3. Objective criteria weights 

 

Method 1g  
2g  

3g  
4g  

5g  
6g  

AW 0,167 0,167 0,167 0,167 0,167 0,167 

SW 0,154 0,166 0,135 0,216 0,180 0,150 

EW 0,141 0,151 0,102 0,296 0,185 0,125 

D. Applying the PARIS Method  

Equations (3) and (4) are used to normalize the matrix in 

way 1. Equations (5) and (6) are applied to normalize the 

matrix in way 2. Equations (7) and (8) are used to normalize 

the matrix in way 3. The results are presented in Tables 4 - 6. 

 
Table 4. Normalized decision matrix using Way 1 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,706 0,122 0,321 0,249 0,275 0,165 

A2 0,659 0,183 0,291 0,324 0,154 0,267 

A3 0,706 0,349 0,224 0,279 0,342 0,383 

A4 0,767 0,016 0,138 0,125 0,188 0,102 

A5 0,738 0,183 0,291 0,324 0,062 0,299 

A6 0,767 0,272 0,199 0,324 0,154 0,201 

A7 0,900 0,272 0,045 0,125 0,117 0,267 

A8 0,659 0,122 0,251 0,017 0,305 0,165 

A9 0,767 0,272 0,224 0,125 0,188 0,237 

A10 0,803 0,243 0,199 0,249 0,021 0,299 

A11 0,868 0,093 0,291 0,051 0,305 0,201 

A12 0,982 0,349 0,086 0,221 0,117 0,347 

A13 0,803 0,216 0,113 0,017 0,271 0,165 

A14 0,838 0,183 0,321 0,249 0,229 0,201 

A15 0,900 0,150 0,291 0,324 0,062 0,018 

A16 0,947 0,349 0,199 0,279 0,305 0,134 

A17 0,706 0,316 0,224 0,017 0,062 0,134 

A18 0,803 0,122 0,224 0,187 0,305 0,201 

A19 0,738 0,150 0,113 0,324 0,342 0,237 

A20 0,838 0,093 0,138 0,017 0,188 0,102 

 

Table 5. Normalized decision matrix using Way 2 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,060 0,351 1,000 0,769 0,805 0,429 

A2 0,052 0,524 0,906 1,000 0,450 0,696 

A3 0,060 1,000 0,696 0,861 1,000 1,000 

A4 0,076 0,047 0,429 0,387 0,550 0,267 

A5 0,068 0,524 0,906 1,000 0,181 0,780 

A6 0,076 0,780 0,618 1,000 0,450 0,524 

A7 0,176 0,780 0,141 0,387 0,342 0,696 

A8 0,052 0,351 0,780 0,052 0,893 0,429 

A9 0,076 0,780 0,696 0,387 0,550 0,618 

A10 0,090 0,696 0,618 0,769 0,060 0,780 

A11 0,134 0,267 0,906 0,156 0,893 0,524 

A12 1,000 1,000 0,267 0,682 0,342 0,906 

A13 0,090 0,618 0,351 0,052 0,792 0,429 

A14 0,110 0,524 1,000 0,769 0,671 0,524 

A15 0,176 0,429 0,906 1,000 0,181 0,047 

A16 0,333 1,000 0,618 0,861 0,893 0,351 

A17 0,060 0,906 0,696 0,052 0,181 0,351 

A18 0,090 0,351 0,696 0,578 0,893 0,524 

A19 0,068 0,429 0,351 1,000 1,000 0,618 

A20 0,110 0,267 0,429 0,052 0,550 0,267 
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Table 6. Normalized decision matrix using Way 3 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,146 0,319 1,000 0,756 0,793 0,401 

A2 0,000 0,500 0,890 1,000 0,414 0,681 

A3 0,146 1,000 0,646 0,854 1,000 1,000 

A4 0,335 0,000 0,335 0,354 0,521 0,231 

A5 0,244 0,500 0,890 1,000 0,129 0,769 

A6 0,335 0,769 0,555 1,000 0,414 0,500 

A7 0,744 0,769 0,000 0,354 0,300 0,681 

A8 0,000 0,319 0,744 0,000 0,886 0,401 

A9 0,335 0,769 0,646 0,354 0,521 0,599 

A10 0,445 0,681 0,555 0,756 0,000 0,769 

A11 0,646 0,231 0,890 0,110 0,886 0,500 

A12 1,000 1,000 0,146 0,665 0,300 0,901 

A13 0,445 0,599 0,244 0,000 0,779 0,401 

A14 0,555 0,500 1,000 0,756 0,650 0,500 

A15 0,744 0,401 0,890 1,000 0,129 0,000 

A16 0,890 1,000 0,555 0,854 0,886 0,319 

A17 0,146 0,901 0,646 0,000 0,129 0,319 

A18 0,445 0,319 0,646 0,555 0,886 0,500 

A19 0,244 0,401 0,244 1,000 1,000 0,599 

A20 0,555 0,231 0,335 0,000 0,521 0,231 

 

Equation (9) is used to calculate the weighted normalized 

value (
ijz ). The results are presented in Tables 7 - 9. Equation 

(10) is used to summarize the weighted normalized values  

(
i ). The results are presented in Table 11. Equation (11) is 

used to identify the elements of reference ideal solution  

( *

jz ). The results are presented in Table 10. 

 

Table 7. Values of 
ijz  utilizing the AW-Way 1 technique 

 

UCAVs 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,118 0,020 0,054 0,041 0,046 0,027 

A2 0,110 0,030 0,049 0,054 0,026 0,044 

A3 0,118 0,058 0,037 0,046 0,057 0,064 

A4 0,128 0,003 0,023 0,021 0,031 0,017 

A5 0,123 0,030 0,049 0,054 0,010 0,050 

A6 0,128 0,045 0,033 0,054 0,026 0,033 

A7 0,150 0,045 0,008 0,021 0,019 0,044 

A8 0,110 0,020 0,042 0,003 0,051 0,027 

A9 0,128 0,045 0,037 0,021 0,031 0,039 

A10 0,134 0,040 0,033 0,041 0,003 0,050 

A11 0,145 0,016 0,049 0,008 0,051 0,033 

A12 0,164 0,058 0,014 0,037 0,019 0,058 

A13 0,134 0,036 0,019 0,003 0,045 0,027 

A14 0,140 0,030 0,054 0,041 0,038 0,033 

A15 0,150 0,025 0,049 0,054 0,010 0,003 

A16 0,158 0,058 0,033 0,046 0,051 0,022 

A17 0,118 0,053 0,037 0,003 0,010 0,022 

A18 0,134 0,020 0,037 0,031 0,051 0,033 

A19 0,123 0,025 0,019 0,054 0,057 0,039 

A20 0,140 0,016 0,023 0,003 0,031 0,017 

 

Table 8. Values of ijz  utilizing the AW-Way 2 technique 

 

UCAVs 1g  2g  
3g  

4g  
5g  

6g  

A1 0,010 0,058 0,167 0,128 0,134 0,072 

A2 0,009 0,087 0,151 0,167 0,075 0,116 

A3 0,010 0,167 0,116 0,144 0,167 0,167 

A4 0,013 0,008 0,072 0,065 0,092 0,045 

A5 0,011 0,087 0,151 0,167 0,030 0,130 

A6 0,013 0,130 0,103 0,167 0,075 0,087 

A7 0,029 0,130 0,024 0,065 0,057 0,116 

A8 0,009 0,058 0,130 0,009 0,149 0,072 

A9 0,013 0,130 0,116 0,065 0,092 0,103 

A10 0,015 0,116 0,103 0,128 0,010 0,130 

A11 0,022 0,045 0,151 0,026 0,149 0,087 

A12 0,167 0,167 0,045 0,114 0,057 0,151 

A13 0,015 0,103 0,058 0,009 0,132 0,072 

A14 0,018 0,087 0,167 0,128 0,112 0,087 

A15 0,029 0,072 0,151 0,167 0,030 0,008 

A16 0,056 0,167 0,103 0,144 0,149 0,058 

A17 0,010 0,151 0,116 0,009 0,030 0,058 

A18 0,015 0,058 0,116 0,096 0,149 0,087 

A19 0,011 0,072 0,058 0,167 0,167 0,103 

A20 0,018 0,045 0,072 0,009 0,092 0,045 

 

Table 9. Values of 
ijz  utilizing the AW-Way 3 technique 

 

UCAVs 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,024 0,053 0,167 0,126 0,132 0,067 

A2 0,000 0,083 0,148 0,167 0,069 0,114 

A3 0,024 0,167 0,108 0,142 0,167 0,167 

A4 0,056 0,000 0,056 0,059 0,087 0,038 

A5 0,041 0,083 0,148 0,167 0,021 0,128 

A6 0,056 0,128 0,092 0,167 0,069 0,083 

A7 0,124 0,128 0,000 0,059 0,050 0,114 

A8 0,000 0,053 0,124 0,000 0,148 0,067 

A9 0,056 0,128 0,108 0,059 0,087 0,100 

A10 0,074 0,114 0,092 0,126 0,000 0,128 

A11 0,108 0,038 0,148 0,018 0,148 0,083 

A12 0,167 0,167 0,024 0,111 0,050 0,150 

A13 0,074 0,100 0,041 0,000 0,130 0,067 

A14 0,092 0,083 0,167 0,126 0,108 0,083 

A15 0,124 0,067 0,148 0,167 0,021 0,000 

A16 0,148 0,167 0,092 0,142 0,148 0,053 

A17 0,024 0,150 0,108 0,000 0,021 0,053 

A18 0,074 0,053 0,108 0,092 0,148 0,083 

A19 0,041 0,067 0,041 0,167 0,167 0,100 

A20 0,092 0,038 0,056 0,000 0,087 0,038 

 

Table 10. Values of 
*

jz using AW method 

 

Normalization 
1g  

2g  
3g  

4g  
5g  

6g  

Way 1 0,164 0,058 0,054 0,054 0,057 0,064 

Way 2 0,167 0,167 0,167 0,167 0,167 0,167 

Way 3 0,167 0,167 0,167 0,167 0,167 0,167 

 

Table 11. Rankings of UCA by the values of 
i  utilizing the AW 

method  

 
 Way 1 Way 2 Way 3 

UCA i  Rank i  Rank i  Rank 

A1 0,306 10 0,569 9 0,569 9 

A2 0,313 8 0,605 4 0,581 8 

A3 0,380 1 0,770 1 0,774 1 

A4 0,223 20 0,293 19 0,296 20 

A5 0,316 7 0,576 7 0,589 6 

A6 0,319 5 0,575 8 0,596 5 

A7 0,288 15 0,421 16 0,475 15 

A8 0,253 17 0,426 15 0,392 17 

A9 0,302 11 0,518 11 0,537 12 

A10 0,302 12 0,502 12 0,534 13 

A11 0,301 13 0,480 13 0,544 11 

A12 0,350 3 0,700 2 0,669 3 

A13 0,264 16 0,389 17 0,411 16 

A14 0,337 4 0,599 5 0,660 4 

A15 0,291 14 0,457 14 0,527 14 

A16 0,369 2 0,676 3 0,751 2 
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A17 0,243 18 0,374 18 0,357 18 

A18 0,307 9 0,522 10 0,558 10 

A19 0,317 6 0,578 6 0,581 7 

A20 0,229 19 0,279 20 0,312 19 

 

A correlation analysis is used to determine the relationship 

between rankings of ordinal variables or different rankings of 

the same variable. An increasing correlation coefficient 

indicates increasing agreement between rankings. The 

correlation analysis of the rankings of UCA by the values of 

i  utilizing the AW method is presented in Table 12. 

 
Table 12. Correlation analysis of the rankings of UCA by the 

values of 
i  utilizing the AW method 

 

 Way 1 Way 2 Way 3 

Way 1 1   

Way 2 0,971 1  

Way 3 0,992 0,967 1 

 

Equation (12) is used to calculate the distance (
ijd ) from 

the reference ideal solution ( *

jz ). The results are presented 

in Tables 13-15. The ranking results of UCA by the values 

of *

i  utilizing the AW method are presented in Table 17. 

 

Table 13. Distance values (
ijd ) from the reference ideal solution  

(
*

jz ) utilizing the AW-Way 1 technique 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,046 0,038 0,000 0,012 0,011 0,036 

A2 0,054 0,028 0,005 0,000 0,031 0,019 

A3 0,046 0,000 0,016 0,007 0,000 0,000 

A4 0,036 0,055 0,031 0,033 0,026 0,047 

A5 0,041 0,028 0,005 0,000 0,047 0,014 

A6 0,036 0,013 0,020 0,000 0,031 0,030 

A7 0,014 0,013 0,046 0,033 0,037 0,019 

A8 0,054 0,038 0,012 0,051 0,006 0,036 

A9 0,036 0,013 0,016 0,033 0,026 0,024 

A10 0,030 0,018 0,020 0,012 0,054 0,014 

A11 0,019 0,043 0,005 0,046 0,006 0,030 

A12 0,000 0,000 0,039 0,017 0,037 0,006 

A13 0,030 0,022 0,035 0,051 0,012 0,036 

A14 0,024 0,028 0,000 0,012 0,019 0,030 

A15 0,014 0,033 0,005 0,000 0,047 0,061 

A16 0,006 0,000 0,020 0,007 0,006 0,041 

A17 0,046 0,005 0,016 0,051 0,047 0,041 

A18 0,030 0,038 0,016 0,023 0,006 0,030 

A19 0,041 0,033 0,035 0,000 0,000 0,024 

A20 0,024 0,043 0,031 0,051 0,026 0,047 

 

Table 14. Distance values (
ijd ) from the reference ideal solution  

(
*

jz ) utilizing the AW-Way 2 technique 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,157 0,108 0,000 0,039 0,032 0,095 

A2 0,158 0,079 0,016 0,000 0,092 0,051 

A3 0,157 0,000 0,051 0,023 0,000 0,000 

A4 0,154 0,159 0,095 0,102 0,075 0,122 

A5 0,155 0,079 0,016 0,000 0,136 0,037 

A6 0,154 0,037 0,064 0,000 0,092 0,079 

A7 0,137 0,037 0,143 0,102 0,110 0,051 

A8 0,158 0,108 0,037 0,158 0,018 0,095 

A9 0,154 0,037 0,051 0,102 0,075 0,064 

A10 0,152 0,051 0,064 0,039 0,157 0,037 

A11 0,144 0,122 0,016 0,141 0,018 0,079 

A12 0,000 0,000 0,122 0,053 0,110 0,016 

A13 0,152 0,064 0,108 0,158 0,035 0,095 

A14 0,148 0,079 0,000 0,039 0,055 0,079 

A15 0,137 0,095 0,016 0,000 0,136 0,159 

A16 0,111 0,000 0,064 0,023 0,018 0,108 

A17 0,157 0,016 0,051 0,158 0,136 0,108 

A18 0,152 0,108 0,051 0,070 0,018 0,079 

A19 0,155 0,095 0,108 0,000 0,000 0,064 

A20 0,148 0,122 0,095 0,158 0,075 0,122 

 

Table 15. Distance values (
ijd ) from the reference ideal solution  

(
*

jz ) utilizing the AW-Way 3 technique 

 

UCAVs 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,142 0,114 0,000 0,041 0,035 0,100 

A2 0,167 0,083 0,018 0,000 0,098 0,053 

A3 0,142 0,000 0,059 0,024 0,000 0,000 

A4 0,111 0,167 0,111 0,108 0,080 0,128 

A5 0,126 0,083 0,018 0,000 0,145 0,038 

A6 0,111 0,038 0,074 0,000 0,098 0,083 

A7 0,043 0,038 0,167 0,108 0,117 0,053 

A8 0,167 0,114 0,043 0,167 0,019 0,100 

A9 0,111 0,038 0,059 0,108 0,080 0,067 

A10 0,092 0,053 0,074 0,041 0,167 0,038 

A11 0,059 0,128 0,018 0,148 0,019 0,083 

A12 0,000 0,000 0,142 0,056 0,117 0,016 

A13 0,092 0,067 0,126 0,167 0,037 0,100 

A14 0,074 0,083 0,000 0,041 0,058 0,083 

A15 0,043 0,100 0,018 0,000 0,145 0,167 

A16 0,018 0,000 0,074 0,024 0,019 0,114 

A17 0,142 0,016 0,059 0,167 0,145 0,114 

A18 0,092 0,114 0,059 0,074 0,019 0,083 

A19 0,126 0,100 0,126 0,000 0,000 0,067 

A20 0,074 0,128 0,111 0,167 0,080 0,128 

 

Table 16. Rankings of UCA by the values of 
*

i  utilizing the AW 

method  

 
 Way 1 Way 2 Way 3 

UCA 
*

i  Rank 
*

i  Rank *

i  Rank 

A1 0,144 10 0,431 9 0,431 9 

A2 0,137 8 0,395 4 0,419 8 

A3 0,070 1 0,230 1 0,226 1 

A4 0,227 20 0,707 19 0,704 20 

A5 0,134 7 0,424 7 0,411 6 

A6 0,131 5 0,425 8 0,404 5 

A7 0,162 15 0,579 16 0,525 15 

A8 0,197 17 0,574 15 0,608 17 

A9 0,148 11 0,482 11 0,463 12 

A10 0,148 12 0,498 12 0,466 13 

A11 0,149 13 0,520 13 0,456 11 

A12 0,100 3 0,300 2 0,331 3 

A13 0,186 16 0,611 17 0,589 16 

A14 0,113 4 0,401 5 0,340 4 

A15 0,160 14 0,543 14 0,473 14 

A16 0,081 2 0,324 3 0,249 2 

A17 0,207 18 0,626 18 0,643 18 

A18 0,143 9 0,478 10 0,442 10 

A19 0,133 6 0,422 6 0,419 7 

A20 0,221 19 0,721 20 0,688 19 
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The correlation analysis of the rankings of UCA by the 

values of *

i  utilizing the AW method is presented in Table 

17. 
 

Table 17. Correlation analysis of the ranking of UCA by the values 

of 
*

i  utilizing the AW method 

 

  Way 1 Way 2 Way 3 

Way 1 1   

Way 2 0,971 1  

Way 3 0,992 0,967 1 

 

 

The computations using SW method are presented in 

Tables 18 – 20. 
 

Table 18. Values of 
ijz  utilizing the SW-Way 1 technique 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,109 0,020 0,043 0,054 0,050 0,025 

A2 0,102 0,030 0,039 0,070 0,028 0,040 

A3 0,109 0,058 0,030 0,060 0,061 0,057 

A4 0,119 0,003 0,019 0,027 0,034 0,015 

A5 0,114 0,030 0,039 0,070 0,011 0,045 

A6 0,119 0,045 0,027 0,070 0,028 0,030 

A7 0,139 0,045 0,006 0,027 0,021 0,040 

A8 0,102 0,020 0,034 0,004 0,055 0,025 

A9 0,119 0,045 0,030 0,027 0,034 0,035 

A10 0,124 0,040 0,027 0,054 0,004 0,045 

A11 0,134 0,015 0,039 0,011 0,055 0,030 

A12 0,152 0,058 0,012 0,048 0,021 0,052 

A13 0,124 0,036 0,015 0,004 0,049 0,025 

A14 0,129 0,030 0,043 0,054 0,041 0,030 

A15 0,139 0,025 0,039 0,070 0,011 0,003 

A16 0,146 0,058 0,027 0,060 0,055 0,020 

A17 0,109 0,052 0,030 0,004 0,011 0,020 

A18 0,124 0,020 0,030 0,040 0,055 0,030 

A19 0,114 0,025 0,015 0,070 0,061 0,035 

A20 0,129 0,015 0,019 0,004 0,034 0,015 

 

Table 19. Values of 
ijz  utilizing the SW-Way 2 technique 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,009 0,058 0,135 0,166 0,145 0,064 

A2 0,008 0,087 0,122 0,216 0,081 0,104 

A3 0,009 0,166 0,094 0,186 0,180 0,150 

A4 0,012 0,008 0,058 0,083 0,099 0,040 

A5 0,010 0,087 0,122 0,216 0,033 0,117 

A6 0,012 0,129 0,083 0,216 0,081 0,078 

A7 0,027 0,129 0,019 0,083 0,062 0,104 

A8 0,008 0,058 0,105 0,011 0,161 0,064 

A9 0,012 0,129 0,094 0,083 0,099 0,092 

A10 0,014 0,115 0,083 0,166 0,011 0,117 

A11 0,021 0,044 0,122 0,034 0,161 0,078 

A12 0,154 0,166 0,036 0,147 0,062 0,135 

A13 0,014 0,102 0,047 0,011 0,143 0,064 

A14 0,017 0,087 0,135 0,166 0,121 0,078 

A15 0,027 0,071 0,122 0,216 0,033 0,007 

A16 0,051 0,166 0,083 0,186 0,161 0,052 

A17 0,009 0,150 0,094 0,011 0,033 0,052 

A18 0,014 0,058 0,094 0,125 0,161 0,078 

A19 0,010 0,071 0,047 0,216 0,180 0,092 

A20 0,017 0,044 0,058 0,011 0,099 0,040 

 

Table 20. Values of 
ijz  utilizing the SW-Way 3 technique 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,023 0,053 0,135 0,163 0,143 0,060 

A2 0,000 0,083 0,120 0,216 0,075 0,102 

A3 0,023 0,166 0,087 0,184 0,180 0,150 

A4 0,052 0,000 0,045 0,076 0,094 0,035 

A5 0,038 0,083 0,120 0,216 0,023 0,115 

A6 0,052 0,127 0,075 0,216 0,075 0,075 

A7 0,115 0,127 0,000 0,076 0,054 0,102 

A8 0,000 0,053 0,100 0,000 0,159 0,060 

A9 0,052 0,127 0,087 0,076 0,094 0,090 

A10 0,069 0,113 0,075 0,163 0,000 0,115 

A11 0,100 0,038 0,120 0,024 0,159 0,075 

A12 0,154 0,166 0,020 0,143 0,054 0,135 

A13 0,069 0,099 0,033 0,000 0,140 0,060 

A14 0,086 0,083 0,135 0,163 0,117 0,075 

A15 0,115 0,066 0,120 0,216 0,023 0,000 

A16 0,137 0,166 0,075 0,184 0,159 0,048 

A17 0,023 0,149 0,087 0,000 0,023 0,048 

A18 0,069 0,053 0,087 0,120 0,159 0,075 

A19 0,038 0,066 0,033 0,216 0,180 0,090 

A20 0,086 0,038 0,045 0,000 0,094 0,035 

 

Table 21. Values of 
*

jz using SW method 

 

Normalization 
1g  

2g  
3g  

4g  
5g  

6g  

Way 1 0,152 0,058 0,043 0,070 0,061 0,057 

Way 2 0,154 0,166 0,135 0,216 0,180 0,150 

Way 3 0,154 0,166 0,135 0,216 0,180 0,150 

 

Table 22. Rankings of UCA by the values of 
i  utilizing the SW 

method  

 
 Way 1 Way 2 Way 3 

UCA i  Rank i  Rank i  Rank 

A1 0,300 9 0,577 9 0,576 9 

A2 0,309 8 0,618 4 0,595 7 

A3 0,376 1 0,784 1 0,789 1 

A4 0,216 20 0,300 19 0,302 19 

A5 0,309 7 0,584 8 0,594 8 

A6 0,318 6 0,599 7 0,619 6 

A7 0,278 15 0,425 15 0,474 15 

A8 0,239 17 0,407 16 0,373 17 

A9 0,290 12 0,510 11 0,526 13 

A10 0,293 11 0,506 12 0,534 12 

A11 0,285 14 0,460 14 0,516 14 

A12 0,342 3 0,700 2 0,672 3 

A13 0,252 16 0,381 17 0,401 16 

A14 0,328 4 0,603 6 0,658 4 

A15 0,287 13 0,476 13 0,540 11 

A16 0,366 2 0,699 3 0,769 2 

A17 0,226 18 0,350 18 0,330 18 

A18 0,300 10 0,529 10 0,562 10 

A19 0,321 5 0,617 5 0,622 5 

A20 0,216 19 0,269 20 0,297 20 

 

The correlation analysis of the rankings of UCA by the 

values of 
i  utilizing the SW method is presented in Table 

23. 
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Table 23. Correlation analysis of the rankings of UCA by the 

values of 
i  utilizing the AW method 

 

  Way 1 Way 2 Way 3 

Way 1 1   

Way 2 0,977 1  

Way 3 0,992 0,980 1 

 

Equation (12) is used to calculate the distance (
ijd ) from 

the reference ideal solution ( *

jz ). The results are presented 

in Tables 24-26. The ranking results of UCA by the values 

of *

i  utilizing the SW method are presented in Table 27. 

 

Table 24. Distance values (
ijd ) from the reference ideal solution  

(
*

jz ) utilizing the SW-Way 1 technique 

 

UCAVs 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,043 0,037 0,000 0,016 0,012 0,033 

A2 0,050 0,028 0,004 0,000 0,034 0,017 

A3 0,043 0,000 0,013 0,010 0,000 0,000 

A4 0,033 0,055 0,025 0,043 0,028 0,042 

A5 0,038 0,028 0,004 0,000 0,050 0,013 

A6 0,033 0,013 0,017 0,000 0,034 0,027 

A7 0,013 0,013 0,037 0,043 0,040 0,017 

A8 0,050 0,037 0,010 0,066 0,007 0,033 

A9 0,033 0,013 0,013 0,043 0,028 0,022 

A10 0,028 0,018 0,017 0,016 0,058 0,013 

A11 0,018 0,042 0,004 0,059 0,007 0,027 

A12 0,000 0,000 0,032 0,022 0,040 0,005 

A13 0,028 0,022 0,028 0,066 0,013 0,033 

A14 0,022 0,028 0,000 0,016 0,020 0,027 

A15 0,013 0,033 0,004 0,000 0,050 0,055 

A16 0,005 0,000 0,017 0,010 0,007 0,037 

A17 0,043 0,005 0,013 0,066 0,050 0,037 

A18 0,028 0,037 0,013 0,029 0,007 0,027 

A19 0,038 0,033 0,028 0,000 0,000 0,022 

A20 0,022 0,042 0,025 0,066 0,028 0,042 

 

Table 25. Distance values (
ijd ) from the reference ideal solution  

(
*

jz ) utilizing the SW-Way 2 technique 

 

UCA 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,145 0,107 0,000 0,050 0,035 0,085 

A2 0,146 0,079 0,013 0,000 0,099 0,045 

A3 0,145 0,000 0,041 0,030 0,000 0,000 

A4 0,143 0,158 0,077 0,132 0,081 0,110 

A5 0,144 0,079 0,013 0,000 0,147 0,033 

A6 0,143 0,036 0,052 0,000 0,099 0,071 

A7 0,127 0,036 0,116 0,132 0,118 0,045 

A8 0,146 0,107 0,030 0,204 0,019 0,085 

A9 0,143 0,036 0,041 0,132 0,081 0,057 

A10 0,141 0,050 0,052 0,050 0,169 0,033 

A11 0,134 0,121 0,013 0,182 0,019 0,071 

A12 0,000 0,000 0,099 0,069 0,118 0,014 

A13 0,141 0,063 0,088 0,204 0,037 0,085 

A14 0,137 0,079 0,000 0,050 0,059 0,071 

A15 0,127 0,094 0,013 0,000 0,147 0,143 

A16 0,103 0,000 0,052 0,030 0,019 0,097 

A17 0,145 0,016 0,041 0,204 0,147 0,097 

A18 0,141 0,107 0,041 0,091 0,019 0,071 

A19 0,144 0,094 0,088 0,000 0,000 0,057 

A20 0,137 0,121 0,077 0,204 0,081 0,110 

Table 26. Distance values (
ijd ) from the reference ideal solution  

(
*

jz ) utilizing the SW-Way 3 technique 

 

UCAVs 1g  
2g  

3g  
4g  

5g  
6g  

A1 0,132 0,113 0,000 0,053 0,037 0,090 

A2 0,154 0,083 0,015 0,000 0,105 0,048 

A3 0,132 0,000 0,048 0,032 0,000 0,000 

A4 0,103 0,166 0,090 0,139 0,086 0,115 

A5 0,117 0,083 0,015 0,000 0,157 0,035 

A6 0,103 0,038 0,060 0,000 0,105 0,075 

A7 0,040 0,038 0,135 0,139 0,126 0,048 

A8 0,154 0,113 0,035 0,216 0,021 0,090 

A9 0,103 0,038 0,048 0,139 0,086 0,060 

A10 0,086 0,053 0,060 0,053 0,180 0,035 

A11 0,055 0,127 0,015 0,192 0,021 0,075 

A12 0,000 0,000 0,115 0,072 0,126 0,015 

A13 0,086 0,066 0,102 0,216 0,040 0,090 

A14 0,069 0,083 0,000 0,053 0,063 0,075 

A15 0,040 0,099 0,015 0,000 0,157 0,150 

A16 0,017 0,000 0,060 0,032 0,021 0,102 

A17 0,132 0,016 0,048 0,216 0,157 0,102 

A18 0,086 0,113 0,048 0,096 0,021 0,075 

A19 0,117 0,099 0,102 0,000 0,000 0,060 

A20 0,069 0,127 0,090 0,216 0,086 0,115 

 

Table 27. Rankings of UCA by the values of 
*

i  utilizing the SW 

method  

 
 Way 1 Way 2 Way 3 

UCA 
*

i  Rank 
*

i  Rank *

i  Rank 

A1 0,141 9 0,423 9 0,424 9 

A2 0,133 8 0,382 4 0,405 7 

A3 0,065 1 0,216 1 0,211 1 

A4 0,225 20 0,700 19 0,698 19 

A5 0,132 7 0,416 8 0,406 8 

A6 0,124 6 0,401 7 0,381 6 

A7 0,163 15 0,575 15 0,526 15 

A8 0,202 17 0,593 16 0,627 17 

A9 0,151 12 0,490 11 0,474 13 

A10 0,148 11 0,494 12 0,466 12 

A11 0,157 14 0,540 14 0,484 14 

A12 0,100 3 0,300 2 0,328 3 

A13 0,190 16 0,619 17 0,599 16 

A14 0,113 4 0,397 6 0,342 4 

A15 0,155 13 0,524 13 0,460 11 

A16 0,076 2 0,301 3 0,231 2 

A17 0,215 18 0,650 18 0,670 18 

A18 0,142 10 0,471 10 0,438 10 

A19 0,121 5 0,383 5 0,378 5 

A20 0,225 19 0,731 20 0,703 20 

 

The correlation analysis of the rankings of UCA by the 

values of *

i  utilizing the SW method is presented in Table 

28. 
 

Table 28. Correlation analysis of the ranking of UCA by the values 

of 
*

i  utilizing the SW method 

 

  Way 1 Way 2 Way 3 

Way 1 1   

Way 2 0,971 1  

Way 3 0,992 0,967 1 
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Conclusively, PARIS model integrated with the objective 

criteria weight methods (AW, SW, EW) was applied to the 

unmanned combat aircraft (UCA) selection problem by 

following the proposed MCDM procedure. The results of the 

procedural computations indicate a relatively stable ranking 

order patterns of alternatives. After analyzing the results, the 

unmanned combat aircraft (UCA) 
3a  was selected as the best 

candidate for the Air Force.  

IV. CONCLUSION 

In this paper, for the selection of unmanned combat aircraft 

(UCA), PARIS method based on MCDM theory is proposed 

to solve multiple criteria decision-making problems 

characterized by uncertain human judgments. To demonstrate 

the effectiveness of the proposed PARIS method, a case study 

was considered to evaluate and compare the quality of twenty 

unmanned combat aircraft (UCA). This study helps defense 

decision makers in the selection of unmanned combat aircraft 

to know the requirements of UCA and the priority of 

increasing their defense capabilities. 

Given that in some cases it is difficult to determine the 

exact values of the attributes, and their values are considered 

as fuzzy data. A numerical approximation based on the fuzzy 

conversion scale (11-point scale) approach was proposed to 

systematically convert linguistic concepts into their 

corresponding fuzzy numbers. 

As fuzzy sets are efficient to deal with uncertainty 

available in the information provided by the decision maker, 

PARIS is expanded for fuzzy sets to determine the most 

preferred choice among all possible options when the data is 

uncertain and imprecise. Here, the ratings of the alternatives 

are taken as fuzzy crisp values from the fuzzy conversion 

scale (11-point scale). In this approach, a weighted 

normalized Euclidean distance measure is also considered to 

calculate the distance of an alternative from the ideal solution. 

In complicated problems requiring uncertain decision-

making, the PARIS technique produces consistent decision 

solutions. MCDM problems can be addressed using the 

proposed PARIS technique.  
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