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Abstract: With the development of technology and the expansion of agricultural machinery diversity,
the need for an appropriate group decision-making system has arisen. The increasing number of
criteria and alternatives complicates the decision-making process. Moreover, the uncertainty in the
data leads to more complexity in the decision. To select a wheat combine, multiple quantitative
criteria were considered, such as the grain tank, rated horsepower, speed draining, and cleaning,
along with qualitative criteria, including the level of harvest or harvest losses, fuel consumption,
comfort and safety, the ability to harvest wet and lying, and price. To rank seven alternatives through
the MULTIMOORA (multi-objective optimization on the basis of ratio analysis) method, a group
decision making model applied for qualitative criteria and the Simos method was used for weighting
as a subsidiary of mental groups. The performance of the hybrid model was confirmed by experts in
agricultural machinery. The consensus model, when used in the process of group decision making,
reduces the conflict level of decision-makers regarding criteria, alternatives and the decision matrix.
The results of this research will be beneficial for industrial agriculture, especially wheat combine
buyers. The proposed explainable consensus model can be used to construct decision support systems
and can be applied to various decision-making problems owing to operability and easiness.

Keywords: multi-attribute decision-making; combine selection; screening criteria and alternatives;
MULTIMOORA; wheat

1. Introduction

In recent years, the rapid growth of the population and the increasing demand for
wheat have led to the supply of a significant portion of the country’s wheat crop from
abroad. Like other agricultural products, there are many losses and significant crop waste in
the stages of wheat production and consumption. Nowadays, manual harvesting is almost
impossible due to the high associated costs and limited harvest time. Combines are one
of the most complex and expensive harvesting tools. Furthermore, the annual production
cycle of agricultural products is largely determined by the quality of the harvesting process
(especially cereals). This is done in the process of harvesting grain products using combine
harvesters to transport the product to storage sites. The purchase and maintenance of
combine harvesters are significantly costly, and the maximum use of each unit of equipment
is very important for agricultural producers. The harvest time from full maturity to
late harvest leads to an increase in biological losses of the crop. Moreover, incomplete
loading of equipment results in unnecessary (sometimes excessive) costs for purchase,
maintenance, salaries, and so on. To evaluate the process status of cereal product reapers, it
is necessary to determine their performance and effectiveness indicators [1]. The technical
parameters and performance of agricultural machinery directly affects the efficiency of
operations and total crop production. The overestimation of the technical and dimensional
parameters of harvesting equipment is occasionally done to increase operational efficiency.
However, this approach may negatively affect productivity owing to the unbalanced system
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design, ultimately leading to financial losses. Therefore, a balanced initial estimation of
the technical parameters of the equipment should be performed before determining the
amount of investment, especially in large machinery units with high capital, such as
harvesting systems [2]. With the increasing industrialization of agriculture, the need for
a group decision support system is increasingly felt. Group decision-making (GDM) is
carried out by groups of experts and aims to incorporate collective intelligence to make
decisions [3]. Pressures for early consensus during group decision processes often lead to
poor choices. Consensus in GDM means achieving a mutual opinion by negotiation and
opinion evolution. However, consensus as an outcome of group decision processes is often
desirable for optimum choice. The purpose of a consensus-reaching process is to make
as many DMs as possible satisfied with the decision result and achieve a high consensus
level. A typical consensus-reaching process in GDM is guided by a moderator, who collects
individuals” preferences, evaluates the consensus degree, and decides whether to continue
or stop the decision-making process [4]. In the present study, an approach is presented for
the screening of alternatives and criteria based on GDM problems under conflict levels
in opinions of DMs; then, each wheat combine option is ranked based on 15 criteria. To
increase the accuracy of the ranking results, the Simos technique [5] was used to determine
the importance of criteria. Moreover, the MULTIMOORA method, which is a combination
of several multi-criteria decision-making methods, was also used to rank the combines.

2. Literature Review
2.1. A Brief Review of the MULTIMOORA Method

Numerous studies have attempted to address multi-criteria decision-making in crisp
or fuzzy environments [6-13]. The MULTIMOORA method is composed of MOORA and
the full multiplicative form of multiple objectives [14]. The MOORA and its extension, the
MULTIMOORA method, are popularly utilized in practice due to its simple application
procedure, pertinence to various conditions, and advances through empirical observation.
In recent years, there has been an increasing amount of literature on applications of the
MULTIMOORA method. Majumder et al. used the MULTIMOORA method for process
parameter selection [15]. Liu [16] extended a new FMEA model using fuzzy set theory and
the MULTIMOORA method to determine the risk priority of failure modes. BaleZentis and
BaleZentis [17] carried out a survey on the two major areas of application of MOORA and
MULTIMOORA, namely engineering decision support for technological development and
economic research. Stanujkic et al. [18] suggested a new extension of the MULTIMOORA
method to deal with bipolar fuzzy sets. Liu [19] extended the MULTIMOORA method
for probabilistic linguistic multi-criteria group decision-making based on prospect theory.
Stankeviciene et al. [20] employed MULTIMOORA as the instrument to evaluate the
technology transfer process in higher education institutions. Souzangarzadeh et al. [21]
applied MULTIMOORA in the multi-objective optimization of cylindrical segmented
tubes as energy absorbers under oblique crushes. Together, these studies indicate that
MULTIMOORA methods received rapid attention in both theory and different applications.

2.2. MCDM in the Agriculture Sector

Recently, research has been conducted on the applications of decision-making science
in agriculture [22]. Petrini et al. prioritized public policies for farming families in Brazil
using a hierarchical analysis method [23]. Although the hierarchical analysis process
can be used in many decision-making issues, by increasing the number of options and
criteria, the number of pairwise comparisons and thus the likelihood of inconsistency
in the comparisons will also increase. Therefore, it is necessary to use the appropriate
decision-making method to select agricultural machinery based on various qualitative and
quantitative criteria. Isik and Adali selected a set of tractors using the technique for order
preference by similarity to ideal solution (TOPSIS) method and examined the problem using
two other methods of decision making: complex proportional assessment and evaluation
of mixed data. They finally used the BORDA and COPELAND methods to rank the
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three studied methods [24]. Garcia-Alcaraz et al. [22] selected various criteria, including
initial cost, annual maintenance, fuel consumption per hour, operator safety, and after-sales
service, to evaluate a set of tractors. They also examined the options based on a combination
of hierarchical analysis and TOPSIS methods. Kohili et al. [25] used the TOPSIS method
to select a mechanical cotton harvester. The selected performance indicators were picking
efficiency, field capacity, total loss, gin or lint turnout, trash content and selected options
of cotton harvesting mechanisms, including finger type, brush type, spindle type, and
other mechanisms. Hafezalkotob et al. [26] used the multi-criteria decision-making method
to evaluate the olive harvesting machine. They evaluated 6 candidate machines with 9
important criteria and selected the best harvesting machine using the 2 proposed methods,
MULTIMOORA and the weighted aggregated sum product assessment (WASPAS) method.
Table 1 shows summary of recent trends in applications of MCDM in agriculture.

Table 1. Brief overview of MCDM in agriculture.

Author Year of Publication Title Method Used Research Features
Three methods, TOPSIS, EVAMIX
Evaluation of machine and COPRAS, were used to select
Lin and Yang [27] 1996 selection by the AHP method AHP the tractor. Finally, using the BORDA
y and Copeland method, the authors
finalized the options.
AHP as a strategic Criteria weighting by reviewing
YURDAKUL [28] 2004 decision-making tool to AHP published articles in the field of
justify machine tool selection cotton harvesters
A comparative study for the Combining two multi-criteria
Isik and Adali [24] 2016 agricultural tractor TOPSIS decision-making methods for
selection problem car selection
Multiple attribute
Kohli et al. [25] 2013 decision-making fgr selection TOPSIS Th1§ ar'tlcle Conmdgred the basic
of mechanical criteria for choosing a tractor.
cotton harvester
Integrated usage of fuzzy
. multi-criteria
Kema%(Vatanse‘v er and Yigit 2014 decision-making techniques Fuzzy AHP and Safety risk assessment
azangoglu [29] . . fuzzy MOORA
for machine selection
problems and an application
Agricultural tractor selection: Study of agricultural machinery
George Garcia et al. [22] 2016 a hybrid and AHP-TOPSIS standards and the use of precise
multi-attribute approach mathematical methods
R rch of th ment Three methods, TOPSIS, EVAMIX
fesea c (it elasseshs' © and COPRAS, were used to select
Chen and Han [30] 2012 O agricutural macunery Fuzzy AHP the tractor. Finally, using the BORDA
driving safety based on and COPELAND method, the
AHP-FUZZY method R i
authors finalized the options.
. Criteria weighting by reviewing
Ali Osman [31] 2011 Select} on of fro fa.rm Linear programming published articles in the field of
machinery selection cotton harvesters
. . Combining two multi-criteria
Selection of olive MULTIMOORA . .
Hafezalkotob [26] 2018 harvesting machine and WASPAS dec151on—cr:ral<eli1egz trjx:;thods for
Study on location decision
framework of agroforestry Best-worst method and Location decision of agroforestry
Wu [32] 2019 ! ! ! ) ¢
biomass cogeneration project: entropy method biomass cogeneration
a case of China
a Ir??lflijﬁﬁ?e?l?r?oello()fies To define an algorithm that
Ciric [33] 2019 8 - technolog! Intuitionistic fuzzy sets determines whether or not the land
based on intuitionistic is arable
fuzzy sets
Application of WASPAS
Lukié [34] 2021 met}_m_d in the eva}uahon of WASPAS Measuring eff1c1ency of
efficiency of agricultural agricultural enterprises
enterprises in Serbia
Decision support framework
for the r1sk.rank1ng of Risk ranking of agroforestry biomass
Zhou et al. [35] 2021 agroforestry biomass power VIKOR, TODIM

generation projects with
picture fuzzy information

power generation
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2.3. Research Gap

Despite the wide range of articles on the selection of agricultural machinery, no report
has been published on the ranking of wheat harvesters that includes the necessary criteria
for the selection of wheat harvesters. In addition, due to the nature of inaccurate data on
wheat combine ranking, the use of new MCDM methods is essential. In this study, modified
MULTIMOORA and SIMOS methods were selected to select the best wheat combine.

3. Materials and Methods

The algorithm proposed for selecting a wheat combine consists of two phases. The
first phase includes the formation of a decision matrix, and the second phase is comprised
of conflict analysis, weighting, and ranking.

3.1. Formation of the Decision Matrix

Step 1. Selecting a group leader: A person is selected as the group leader who is
fully acquainted with the planting and harvesting of wheat, agricultural machinery, and
multi-criteria decision-making. The group leader also determines the weight of the experts.

Step 2. Forming a committee of experts on the subject:

A committee is formed consisting of at least three specialists with expert qualifications.
Three indicators are introduced as expert characteristics, including the level of education,
level of useful experience in agricultural machinery, level of knowledge, and relevant
expertise in the field of wheat harvesting. These characteristics are introduced and weighted
by the group leader.

Step 3. Preparing an initial list of quantitative and qualitative criteria and options:

At this stage, the initial list of criteria and options is stated by experts through interviews.

Step 4. Screening the initial list using the leveling of potential conflicts of quality criteria:

At this stage, decision-makers were asked to express their opinion on selecting or
rejecting the initial criteria using linguistic variables. If the level of conflict between decision-
makers for the criterion is less than 4, the criterion is selected. For conflict levels between 4
and 8, the decision-makers are asked to re-express their opinion about the criterion with
linguistic variables. For conflict levels higher than 8, the third party expresses his/her
opinion to remove the desired criterion. This method is also used to level the conflict of
decision-makers’ opinions to evaluate each option under each criterion, which is described
in detail in step 6.

Step 5. Evaluation of the options according to the screened criteria:

At this stage, options under each criterion are weighted as linguistic variables by the
selected experts, and criteria with data obtained through libraries and slightly definite are
directly entered into the final decision matrix. Quantitative criteria information will be
obtained from field observations and research literature.

Step 6. Leveling the level of expert opinions’ conflict:

The method of calculating the conflict is as follows. The numerical symbol of linguistic
variables for conflict of criteriais: VI=1,L=2 ML=3, M=4 MH=5 H=6, VH=7.
Subsequently, the difference is obtained. In the following, the leveling of conflict, the
analysis of its levels, and the presentation of separate solutions for the three levels of
conflict are discussed. Based on the exchange of ideas with the group leader, the levels of
conflict are determined as follows: for disagreements between the decision-makers with
a value of 4 or less, the conflict is at a low level. For disagreements between the decision-
makers with a value between 4 and 8, the conflict is at the medium level. Otherwise,
the conflict is considered to be at a high level. Table 2 represents the identified conflict
levels along with the conflict management strategies for resolving them [36]. No conflict is
expected for quantitative data; however, there is a conflict for qualitative data.
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Table 2. Conflict leveling.

Level of Conflict

Low-Level Conflict

Medium-Level Conflict

High-Level Conflict

Determined interval of conflict

Management solutions

Less than or equal to 4

The criteria and alternatives are
approved by the decision-making

group, and the conditions are met for

entering phase 2.

Between 4 and 8

The decision-making team is asked to
re-evaluate the criteria and
alternatives with this level of conflict.
Then, the leveling of the conflict takes
place again.

Greater than 8
The third party discusses the above
conflicting criteria and alternatives
with the committee. He/she expresses
their views on eliminating those
criteria and alternatives or
reconsidering the preferences and,
most importantly, providing better
criteria or decision alternatives.

3.2. Weighting and Ranking of Alternatives

In this step, the criteria were weighted through the Simos method. Then, the final deci-

sion matrix was formed. In the next step, the options were ranked based on the MUMOORA
method. Figure 1 shows the flowchart of the algorithm for selecting a wheat combine.

Applying a third party
intervention method

Determining the group
leader

I

Forming a committee
of decision-makers

b

Determining the weight
of decision-makers using
the SIMOS method

v

Preparing an initial list of
criteria and alternatives

y

Screening the initial list
using the leveling of

Is the conflict at
the medium
level?

A

Evaluation of the
alternatives according to
the screened criteria

Is the

conflict ata

Ranking the
alternatives based
on the
MULTIMOORA

A

Weighting the
criteria through the
Simos method

Figure 1. The flowchart of the proposed algorithm for selecting a wheat combine.
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3.2.1. Simos Method

The Simos method is a weighting method for criteria developed based on card games.
This method is simple and very practical; however, it sometimes leads to similar weights
for the criteria. The name of each criterion should be written on the card, and the decision-
maker sorts the cards in order, from least important to most important. Some criteria may
be equally important, which can be represented at one level. The distance of each blank
card placed by the decision-maker between two consecutive subgroups means that one
more unit of scale is the difference between their corresponding weights [5]. The number
of subgroups can be from 1 to n.

After arranging the criteria (cards), S, is calculated using Equation (1).

S,=8+1,r=1,23,...,7-1 1)

where S; is the number of blank cards between the rth and the r + 1th subgroup. Addition-
ally, the value of s’ will be obtained according to Equation (2).

s=Y s @)

To perform the calculations, the decision-maker must determine the ratio of the most
important criterion to the least important with z (z > 1).
Given the values of s and z, the value of each subgroup unit will be obtained according
to Equation (3).
_z—1
s

®)

Finally, the abnormalized weight rth subgroup P(r) will be obtained based on Equation (4).
P(ry=14+u(So+...+S-1),r=12,...,1Sp=0P(1) =1 4)

To calculate the normalized weight (P]-*) of each criterion, the weight value was ab-

normalized. The subgroup will be divided by P’, which is the weighted sum of all criteria
(Equations (5) and (6)).

Pf=-L %100 (5)
P'=3 P(j) ©)

3.2.2. MULTIMOORA Method

The MOORA method was proposed by Brauers and Zavadskas. It consists of two
parts of the ratio system and the reference point method. Brauers and Zavadskas developed
this concept using the full multiplicative form. An updated method, called MULTIMOORA,
consists of MOORA pieces and a full multiplicative form [14]. The MULTIMOORA method
begins with the formation of a decision matrix. In Equation (7), i and j, respectively,
represent the option and the index.

X:[xij]m*nizl,Z,...,j:1,2,...,n 7)

To obtain comparable and dimensionless criteria, the decision matrix is normalized
using Equation (8), where Xl?*j represents the normalized value of x;;, which is in the range
of [0,1]. The divisor used in the weight coefficient system is the square root of the sum of
the option values of each criterion [37].

Xis
X = —— ®)

m 2
i=1%jj
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L. Ratio system:

To obtain the assessment value of the ratio system, the sum of the normalized index
values with a positive aspect (in case of maximization) is subtracted from the sum of
the normalized index values with a negative aspect (in case of minimization) and then
ranked [37]. Equation (9) shows this difference.

g n
Y = gx:;— Y« ©)

j j=¢+1

where g represents the number of positive indicators and (n-g) shows the number of
indicators with a non-positive aspect. y; represents the assessment value of the ith option
for the ratio system and forms the first ranking. The multiplication of Equation (7) with
the weight obtained for the indices gives the weighted form of the ratio system [37].
Equation (10) shows the weighted ratio system.

8 n
YY = ijxl’»‘j - ) w;x};, (10)
j=1 j=g+1

The optimal option of the ratio system can be determined by evaluating the assessment
values in descending order using Equation (11) [38].

AR = {ai = max Yi*}- (11)
1

Equation (12) shows the optimal option of the weighted form of the ratio system:

Ars = {ai = max Yl-w} (12)

II. Reference point approach:

This approach begins with specifying a maximal attribute reference point. Coordinate
j of the maximal objective reference point (MORP) vector is obtained as follows [37].

maxx;‘j, i<g
T]‘ = | P (13)
minxz, j > g

1

The deviation of a rank from the reference point r; is calculated as (r; — xl*]) The
maximum deviation for each option is determined by considering all the indicators
as Equation (14):

*

il (14)

Z = max‘rj —x
j

The weighted form of the assessment value of the reference point approach can be
obtained using Equation (15) [37].

w __ k
VAES m]ax‘wjr]- — wjxj;|. (15)

The optimal option of the reference point approach and its weighted form can be
calculated by finding the minimum of the related assessment values according to
Equations (16) and (17) [38].

Axp = {ai = mjnZ;‘}. (16)
1

= mjan”}. (17)
1

k
Awrp = {“i
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III. The full multiplicative form
The third subordinate part of the MULTIMOORA method is the full multiplicative
form. Its value is assessed using Equation (18).

u =_—r'—"J

i (18)
where g represents the number of positive indices and (ng) denotes the number of indices
with non-positive aspects. The numerator of Equation (18) represents the product of the
responses of the ith option to positive indices, while the denominator of Equation (18)
shows the product of the responses of the ith option to indices with non-positive aspects.
The equivalent form of U/ can be computed using the arrays of a normalized decision
matrix, as seen in Equation (19).

(19)

Brauers and Zavadskas showed that the weights should be considered exponents for
the full multiplicative form rather than coefficients. Equation (20) shows the shape of the
full multiplicative form considering the weights of the indices.

I, (x xp)"

] =g+1 (x )

1

(20)

Similar to the ratio system, the optimal option has the maximum assessment value
obtained using Equation (21):

PR E— e
1

The optimal option is obtained from the weighted full multiplicative form using
Equation (22):

WMF = {ﬂi = maxU;’ } (22)
1

According to the principles of cardinal and ordinal numbers, it is not possible to
apply algebraic operations of cardinal numbers in the space of ordinal numbers, and these
numbers can only be converted to ordinal numbers of another type. One of the advantages
of dominance theory is to perform all the steps of problem-solving in the space of ordinal
numbers. Finally, according to the dominance theory, the rankings of sections I, II, and III
can lead to an integrated final ranking, known as the MULTIMOORA rank.

4. Case Study and Data Analysis: Selection of Wheat Combine
4.1. Determining the Group Leader

Here, first, a person is selected as the group leader and a third party who is fully
acquainted with the planting and harvesting of wheat, agricultural machinery, multi-
criteria decision-makers, and its new methods to help us in weighing the decision-makers
and in the case of high conflict in data quality.

4.2. Forming a Committee of Decision-Makers and Determining Their Weight

In the first stage, according to the “level of education” criterion, decision-makers are
arranged according to their degree of importance, and the steps of the Simos method are
performed. Finally, the weight of each decision-maker is obtained according to the “level
of education” criterion.
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This is done in the same way for the other two criteria. Finally, three different weights
are obtained for each decision-maker, with each weight belonging to each criterion.

In the last step, the arithmetic average weight of each DM obtained for different criteria
is calculated. Additionally, the decision-makers are sorted in ascending order based on
each criterion. Then, the weight of each decision-maker is determined such that their sum
is equal to 1.

Calculating the weight of decision-makers according to the education level criteria
(Tables 3-5).

Table 3. The diagram of the Simos method for weighting decision-makers.

D4 D3 D1
D2

Table 4. Weight calculation process in the Simos method for weighting decision-makers.

R 1 2 4

3 S=Y%5,
sl 0 1 r=1
S, 1 2 3
P, 1 4=0+1)3+1 10=(2+1+0)3+1

Table 5. The normalization of weight in the Simos method based on education.

Criteria D4 D3 D1 D2 8

P = )y P]'
] 1 2 3 4 =1
P, P, P Py Py
P]-/ 1 4 10 10 25
P].* 4 16 40 40 100
Weight 3 2 1 1

At the discretion of the group leader, Z = 10.

Similarly, the weight of decision-makers is calculated according to the criteria of
useful experience in agricultural machinery, knowledge, and expertise in the field of wheat
harvesting. Table 6 shows the final weight of decision-makers.

Table 6. The final weight of decision-makers using the simple average method.

(Weights Feature)/ Level of U§eful E‘xperlence Relevar}t K.nowled.ge and The Final Weight of
. . in Agricultural Expertise in the Field of Total ..
(Decision Maker) Education . . Decision-Makers
Machinery Wheat Harvesting
DM, 0.4 0.0543 0.4545 0.9088 0.302
DM, 0.4 0.0543 0.0454 0.4999 0.166
DMs3 0.16 0.3478 0.4545 0.9623 0.32
DM, 0.04 0.5434 0.0454 0.6288 0.209
Total weight 1 1 1 2.9996 1

4.3. Identifying the Criteria and Alternatives and Forming a Decision Matrix

First, the basic criteria (Table 7) and alternatives of the wheat combine (Table 8) are
identified based on the opinion of decision-makers and literature review.

4.4. Screening the Criteria

To screen the indicators, the conflict between the qualitative indicators is leveled, and
all the quantitative indicators are selected because of their great importance. According to
Table 9, the conflict level of criteria is obtained.
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Table 7. Basic criteria for selecting a wheat combine model.
Raw Basic Criteria Symbol
1 Grain tank C
2 Rated horse power G
3 Unloading speed Cs
4 Cleaning area Cy
5 Price Cs
6 The rate of harvest losses Ce
7 After sales services Cy
8 Vibration Cg
9 Fuel consumption Coy
10 Safety and comfort Cyo
11 Equipment and facilities Cnin
12 Reliability Cip
13 Ability to harvest wet product Ci3
14 Ability to harvest the dormant product Cisa
15 Terms of sale Cis
Table 8. Alternatives for wheat combine model.
Raw Alternatives Symbol
1 John Deere 5690 H;
2 John Deere T670 Hp
3 New Holland CR9.90 Hj
4 CX8090 New Holland Hy
5 New Holland CR970 Hs
6 LEXION 780 Claas Hg
7 Case Axial-Flow 9240 Hy
Table 9. Conflict leveling of wheat combine selection criteria.
(Criteria)/
(Decision Maker) Gs Ce Cr Cs Gy Cio Cn Ci2 Ci3 Cia C1s
Dy VH M VH M M H H L ML L L
D, VH M ML L M VH VL MH ML ML L
D3 VH M L H MH VH ML VH H ML VH
Dy VH M H MH ML H ML M M ML M
The amount of difference 0 0 18 13 4 1 10 16 6 1 10
Conflict level low low high high low low high high  medium low high

According to the high level of conflict between indicators C7, C8, C11, C12, and C15,

to resolve this issue, the third party in a meeting with the decision-making group discussed
and expressed opinions on the mentioned criteria. After the meeting and exchanging the
views between the members and the third party, it was decided that the 6 mentioned criteria
were screened and removed from the initial list of criteria. Regarding the C13 criterion, the
decision-making group was asked to reconsider their views and re-evaluate the criterion.
The result of the re-evaluation of the C13 criterion is given in Table 10. This criterion is
added to the list of final criteria after re-evaluating.

4.5. Evaluating the Options under Quantitative and Qualitative Criteria and Leveling the Conflict

criteria, respectively. A summary of linguistic variables is presented in Table 13.

Tables 11 and 12 show the evaluation of options under quantitative and qualitative
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Table 10. Result of re-evaluating the criterion C13.

Linguistic Variable

bM c13 Numerical Symbol
D, M 4
D, M 4
Ds MH 5
Dy M 4
The degree of conflict 1 (|14—4])+ (]4—-5])
Table 11. Values of quantitative criteria.
Criterial b . 2
Raw Alternatives C1(bu) C2(hp) C3(5ec) Cy(in?)
1 John Deere S690 400 551 3.8 10,075
2 New Holland CR9.90 410 530 4 10,075
3 New Holland CR8090 330 400 3.2 10,075
4 Claas LEXION 780 360 598 3.7 9610
5 Case Axial-Flow 9240 410 550 4.5 10,671

Table 12. Results of evaluation of alternatives under the criteria by four decision-makers.

Dec‘i/\slie;i?;/[szers Alternatives Cs Ce Cy Cqo Ci3 Cia
Hy MH M M M MH MH
Hs VH M H H M MH

0.302 DM; Hy ML M VH M M H
Hg M M MH MH H H
Hy H H VH VH H MH

Hq MH MH M MH MH M

Hj; VH M M H M H

0.166 DM, Hy. L H VH VH H H
Hg M M H M VH H

Hy VH MH MH MH H MH

Hq M H MH M H VH

Hs VH M M H H H

0.32 DM;3; Hy L MH H MH M VH
Hg M M H M VH MH

Hy H MH H VH H VH

Hy MH M MH MH H MH

Hs H H M H H MH

0.209 DM,y Hy ML H VH MH M VH
Hg M M M MH VH MH

Hy H H H VH H H

Table 13. Summary of linguistic variables expressed by four experts.

Criterial

Alternatives Cs Co Co C10 C13 Cu
Hy MH + MH + M + MH M+MH+H+M M +M +MH + MH M+MH +M + MH MH +MH + H+H H+MH+MH +H
Hjz VH+VH +VH +H M+M+M+H H+M+M+H H+H+H+H M+M+H+H MH +M + H + MH
Hy ML +L +L+ML M+H+MH+H VH +VH +H + VH MH+H+M+H M+H+M+M H+H+VH+VH
Hg M+M+M+M M+M+M+M MH+H+H+M MH +M +M + MH H+VH+VH+ VH H+H+MH +MH
Hy H+VH+H+H H+MH+MH +H VH+MH+H+H VH + MH + VH + VH H+H+H+H MH +MH + VH + H
Weight of criteria 0.195 0.017 0.044 0.019 0.044 0.044

4.6. Examining the Conflict Level of the Experts’ Opinion for Each Option under Each Criterion

In this step, the level of conflicts between the opinions of four decision-makers is
examined (Table 14). The conflict level is low for all options under all criteria, so we enter
Phase 2 directly.
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Table 14. The degree of conflict of the opinion of decision-makers.

Criterial Alternatives Cs Ce Co Cqo Ci3 Cua

Hy

Hj

Hy

He

Hy
Weight of criteria

_m O R R
B O N
e s il S A
=N RO -
—_ O R, NN
el el N

Where wy is the weight of decision-makers and aiys is a triangular fuzzy number of
the first option expressed by the first decision-maker for criterion C5. Table 15 shows the
weighted fuzzy decision matrix. For example, the first triangular fuzzy number for the first
option, and the C5 criterion are as follows.

Table 15. Fuzzy decision matrix taking into account the weight of experts.

MIN MIN MIN MAX MAX MAX
Criterial
Alternatives G Ce G Co Cis Cua
H; (0.447,0.606,0.779) (0.467,0.633,0.796) (0.685,0.855,0.97) (0.398,0.558,0.725) (0.58,0.75,0.92) (0.580, 0.75,0.919)
H; (0.799,0.963,0.997) (0.405,0.569,0.729) (0.502,0.672,0.831) (0.658,0.825,0.998) (0.502,0.672,0.831) (0.523, 0.689,0.858)
Hy (0.081,0.251,0.42) (0.510,0.677,0.843) (0.779,0.945,0.998) (0.506, 0.666, 0.820) (0.392,0.554,0.714) (0.753,0.922,0.998)
He (0.338,0.498,0.658) (0.338,0.498,0.658) (0.542,0.712,0.877) (0.42,0.58,0.75) (0.779,0.945,0.998) (0.573, 0.742,0.912)
Hjy (0.687,0.864,0.997) (0.58,0.75,0.92) (0.398,0.558,0.725) (0.781,0.94,0.97) (0.658,0.825,0.998)  (0.640, 0.804,0.922)

a115 = W1d115 + Wa125 + W3A135 + Wad145

MH + MH + M + MH—a115 = (0.302 * 0.5) + (0.166 * 0.5)+
(0.32 % 0.34) + (0.209 % 0.5) = 0.447

In some cases, due to the unavailability of definite numbers, fuzzy numbers can be
used to compare the options according to Table 16.

Table 16. Qualitative evaluation of linguistic variables.

Linguistic Term Fuzzy Number
Very low (VL) (0.16, 0, 0)
Low (L) (0.34, 0.16, 0)
Medium low (ML) (0.5,0.34, 0.16)
Moderate (M) (0.66, 0.5, 0.34)
Medium high (MH) (0.84, 0.66, 0.5)
High (H) 1,0.84, 0.66))
Very high (VH) 1,1,0.84)
Ideal (UORP) 1,1,1)

Therefore, fuzzy numbers need to be converted to another type to identify a more
promising option. In this research, the defuzzification for the median method is used based
on Equation (23) for defuzzification (Table 17).

a+2b+c

1 (23)

MN:
B

In this equation, 4, b, c is in the lower, specific and high values of the fuzzy number,
respectively [39].
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Table 17. Defuzzification of decision matrix.
MIN MIN MIN MAX MAX MAX
CriterialAlternatives Cs Ce Co C1o Ci3 Cua
H, 0.609 0.632 0.841 0.559 0.75 0.661
Hj 0.93 0.568 0.669 0.826 0.669 0.689
Hy 0.25 0.676 0.916 0.661 0.553 0.898
Hg 0.498 0.498 0.71 0.582 0.916 0.742
Hy 0.853 0.75 0.559 0.907 0.826 0.792
Weight of 0.195 0.017 0.044 0.019 0.044 0.044
criteria
4.7. Formation of Decision Matrix and Weighting
The weight of criteria is obtained using the Simos method (Tables 18-20 show the
details for z = 10).
10-1
u= =1.28
7
Table 18. Diagram of Simos method for weighting the criteria of the wheat combine model.
Cio Co G Ce Cs
Ci3 G
Cyy Cs
Cy
Table 19. Calculation process for weighting the selection criteria of the wheat combine model
R 1 2 4 4
’ ° s=1S,
s 0 2 1 0 r=1
S, 1 3 2 1 7
Pr 1 1+0)1.28+1 B+1+0)1.28+1 2+3+1+0)1.28+1 1+2+3+1+0)1.28+1
Table 20. Final weighting criteria for selecting a wheat combine model.
Criteria C9 C13 C14 C1 C2 C3 C4 C6 C5 8
] 2 3 4 5 6 7 8 9 0 PELP
P, P, P P, Py P P Py Py Ps
P]{ 2.28 2.28 2.28 6.12 6.12 6.12 6.12 8.68 9.96 25
P]-* 0.019 0.044 0.044 0.044 0.12 0.12 0.12 0.12 0.17 0.195 100
Weight 4 4 4 3 3 3 3 2 1

To form the final decision matrix, the diffused values of the qualitative criteria were
used, and for quantitative criteria, the related values were used. Given that there is no
alternative preferable to another (for all criteria), no alternative is deleted at this stage.
Table 21 is the final decision matrix.

4.8. Ranking of Alternatives by the MULTIMOORA Method

In this step, the options are prioritized using three methods: the ratio system, reference
point method, and full multiplicative form. Finally, the final ranking is done using the
dominance method (Tables 22-24).
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Table 21. The final decision matrix for selecting the wheat combine model.

Criteria/ .

Raw Alternatives Cilbw  Colhp)  C3(g) Calin?) C5©) Ce Co Cro Ci3 C1q
1 John Deere S690 400 551 3.8 10,075  0.609 0.632 0.841 0.559 0.75 0.661
2 New Holland CR9.90 410 530 4 10,075  0.930 0.568 0.669 0.826 0.669 0.689
3 CX8090 New Holland 330 400 3.2 10,075 0.25 0.676 0.916 0.661 0.553 0.898
4 Claas LEXION 780 360 598 37 9610 0.498 0.498 0.71 0.582 0.916 0.742
5 Case Axial-Flow 9240 410 550 4.5 10,671  0.853 0.75 0.559 0.907 0.826 0.792

Table 22. Data normalization and ranking the ratio system.
Criteria/ MAX MAX MAX MAX MIN MIN MIN MAX MAX MAX The Ratio
Raw .
Alternatives C1(bw) Cy(hp) Cs(%) Ca(in?) C5(9) Cg Co Cio Ci3 Cia System
1 John Deere S690 0466 0464 0439 0445 0404 0448 0501 0.347 0446 0388 0.2127 1
2 New Holland CR9.90 0478 0447 0463 0445 0616 0402 0399 0513 0398 0405 01203 5
3 CX8090 New Holland 0384 0337 037 0445 0.165 0479 0546 041 0329 0.528 0.1655 3
4 Claas LEXION 780 0419 0504 0428 0425 033 0353 0423 0361 0545 0436 0.1742 2
5 Case Axial-Flow 9240 0478 0.464 0.52 0472 0566 0.531 0.333 0563 0491 0465 0.1508 4
Table 23. Ranking using the reference point method.
Criteria/ MAX MAX MAX MAX MIN MIN MIN MAX MAX  MAX The Reference
Raw . .
Alternatives C1(bw) Glp) G Cy(in?) Cs($) Cs G Cio Ci3 Cu Point Method
John Deere 5690 0466 0464 0439 0445 0404 0448 0501 0347 0446 0388
1 wjr; — wix, 00014 00048 00097 00032 00466 00016 00073 00041 00043 00061 00466 3
New Holland CR9.90 0478 0447 0463 0445 0616 0402 0399 0513 0398 0405
2 T —) 0 00068 00068 00032 00881 00008 00029 00009 00064 00054 00881 5
CX8090 New Holland ~ 0.384 0337 037 0445 0165 0479 0546 041 0329 0528
3 wjr; — wixs; 00112 002 0018 00032 0 00021 00093 00029  0.0095 0 0.02 !
ClaasLEXION 780 0419 0504 0428 0425 033 0353 0423 0361 0545 0436
4 wir; — wix, 0.007 0 0011 00056 00321 0 0.0039 00038 0 0004 00321 2
Case Axial-Flow 9240 0478 0464 052 0472 0566 0531 0333 0563 0491 0465
5 wjt; — wjxy; 0 0.0048 0 0 0.0781  0.003 0 0 00023 00027 00781 4
", 0478 0504 052 0472 0165 0353 0333 0563 0545 0528
Weight of criteria 0.12 0.12 0.12 012 0195 0017 004 0019 0044 0044
Table 24. Ranking using the full multiplicative form.
o Criteria MAX  MAX MAX MAX MIN MIN MIN MAX MAX MAX The Fal
Alternatives C1(buw) Cy(hp) Ca(%) Cy(in?)  Cs(9) Ce Co Cuo Cis Cu Multiplicative Form
1 John Deere 5690 0466 0464 0439 0445 0404 0448 0501 0347 0446 0388 07754 3
2 New Holland CR9.90 0478 0447 0463 0445 0617 0402 0399 0513 0398 0405  0.7278 5
3 CX8090 New Holland 0384 0337 0370 0445 0165 0479 0546 041 0329 0528 08476 1
4 Claas LEXION 780 0419 0504 0428 0445 033 0353 0423 0361 0545 0436 08171 2
5 Case Axial-Flow 9240 0478 0464 0520 0472 0566 0531 0333 0563 0491 0465  0.7748 4
Weight of criteria 0.12 012 012 012 0195 0017 0044 0019 0044 0044

By ranking the alternatives in three different ways (Table 25), we see that the Axial-
Flow 9240, Claas LEXION 780, and New Holland CR9.90 alternatives have the same result
in all three methods. The two alternatives, the new Netherlands CX8090 and John Deere
5690, differ only in the ratio system method, indicating the high efficiency of the proposed
algorithm (Figure 1) for selecting a wheat harvester.

In today’s world, managing organizational affairs cannot be based solely on the
ingenuity and personal judgment of individuals. In this regard, the inherent complexity of
many decision environments necessitates a comprehensive approach to fuzzy multiphase
decision-making methods. In multi-criteria decision making and group decision making,
using the opinions of several decision-makers instead of one decision-maker will cause great
complexity in analyzing a decision. This research sought to examine the level of divergence
in views of ways to proceed in situations where there is conflict between members of the
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decision-making committee in order to better resolve the issue and identify bad decision
options. In fact, the leveling of conflicts will cause a reputable third party to intervene in
high-level conflicts, and, by convening a meeting with the decision-making committee,
will manage the existing conflict, increase the possibility of creating new solutions, and
ultimately move the issue towards the organization’s goals. In addition, the approach
presented gives the decision-making team a dynamic state, and the team can intervene
in adding or removing options, changing judgments, and so on. Another key point that
can be mentioned from the results of this research is that, in the approach presented in
the AHP method by Professor Saaty, the degree of incompatibility is determined for the
conditions in which pairwise comparisons between criteria or other possible pairwise
comparisons are performed. However, the approach presented in this research in terms of
determining the incompatibility of opinions is somewhat similar to the AHP method, with
the difference that disagreements are decided for each criterion and each option between
the decision-making group. Traditional consensus means a full and unanimous agreement
in a group. However, the consensus-reaching process is particularly challenging due to the
complexity and uncertainty caused by groups of participants because of non-cooperative
behaviors, minority views, and the heterogeneous preference formats used in preference
vectors and pairwise comparison matrixes. In the MULTIMOORA method, the ratio system
and the full multiplicative facilitate complete aggregation, whereas the reference point
approach relies on partial aggregation. The dominance theory enables the aggregation of
the ranks entailed by the latter three parts of MULTIMOORA. The Simos method exhibits
a considerably easy system for data collection and implementation; therefore, it has been
extensively used in the scientific literature. Together the proposed hybrid method can
effectively deal with group multi-attribute decision-making problems.

Table 25. Final ranking using the dominance method.

Raw Methods/Alternatives ~ The Ratio System E:f::ii{;::; Multi:ll:al;uvli Form Final Ranking
1 John Deere S690 1 3 3 3
2 New Holland CR9.90 5 5 5 5
3 CX8090 New Holland 3 1 1 1
4 Claas LEXION 780 2 2 2 2
5 Case Axial-Flow 9240 4 4 4 4

5. Conclusions

Two types of criteria are needed to select a wheat combine. The criteria that can be eval-
uated with quantitative numbers include grain storage, horsepower rating, discharge speed,
and harvesting level. Qualitative criteria include harvest losses, fuel consumption, safety,
comfort, ability to harvest wet and dormant product, and combine price. Quantitative
criteria data can be collected through previous research, by requesting from the combine
manufacturer, or using the direct method. Qualitative data can be collected through group
interviews with decision-makers and the use of fuzzy numbers. In previous studies focused
on selecting a wheat combine, most of the proposed options were common in the country
and came with their own disadvantages and advantages. Among the disadvantages were
the tendency to become stuck in the mental framework and lack of attention to other
combines. The results of ranking the combines studied by the MULTIMOORA method are
as follows. The New Holland Combine (CX8090) was ranked first, followed by the Class
Combines (LEXION 780), John Deere S690, Chassis (Axial-Flow 9240), and New Holland
CR9.90, respectively. In the current study, the decision matrix was limited by crisp sets and
fuzzy sets, while in future research, the use of interval numbers can enrich the decision pro-
cess, either for current criteria (for example price, and fuel consumption) or by adding new
criteria, such as after-sales service, vibration, and reliability. The results of this application
showed that the proposed consensus model can integrate opinions representing conflict
and efficiently reach an agreement. One of the limitations of this research is to determine a
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person as supervisor of the group with the desired educational background, knowledge,
and experience both in harvest and agricultural machinery as well as in decision habits.
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