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Abstract— The use of robots in industries for enhanced 

productivity of systems is highly recommended due to their 

high accuracy, heavy load carrying capacity and better 

repeatability. However, with the advancement in technology, 

a large number of robots are available to perform desired 

operations which make the selection of robots among a large 

variety of available alternatives a complicated task. Multi-

criteria decision making (MCDM) methods are efficient and 

well-organized scientific techniques that are used to resolve 

this kind of problem. Several MCDM techniques can be used 

to solve the robot selection problem. However, this work 

intends to explore two MCDM methods named criteria 

Importance through Inter criteria Correlation (CRITIC) 

method and Range of Value (ROV) method to solve the robot 

selection problem. CRITIC is a less explored MCDM method 

and therefore it is used in this work to compute weights of the 

decision criteria. Subsequently, ROV, a relatively lesser 

enucleated MCDM method, is employed in this work to rank 

available robots. A sample problem taken from the literature 

is solved using these methods and the ranks so obtained are 

compared with those reported in the literature. The result so 

obtained shows an implementation of CRITIC and ROV 

method is easy as well as efficient to solve the robot selection 

problem. 
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I. INTRODUCTION 

A robot is an automatic machine that can perform various 

tasks based on its programming and environment. From the 

last several years, there is an enormous growth of robots in 

the manufacturing system for efficient and accurate 

production [1]. Robots are designed to perform difficult and 

repetitive operations that are not easy to execute by humans. 

Today, robots are used to accomplish a variety of tasks like 

material handling, processing, welding, drilling, milling, 

assembling and dissembling to improve productivity and 

quality of the system [2]. The expanded profitability and 

improved proficiency of entire assembling frameworks which 

is ensured by the nonstop upgrade of mechanical system, 

make suitably choosing modern robots increasingly profiting 

by the propelled computer engineering and refined designing 

of a system, Robots have unbounded various details and 

capacities for different applications. In such conditions, 

choosing qualified robot from an enormous digits of robots 

accessible in the market has never been a simple decision [3]. 

The selection of a robot is a bit complex because of 

unpredictability and propelled highlights that are persistently 

fused into the robots by various makers. The decision in the 

selection of a robot is divided into two parts. Initially, the 

selection depends upon the group of specialists with various 

concerns. Secondly, the robot’s choice may offer ascent to 

huge effects on an organization. On the other hand selection 

of inappropriate robots affects the company’s productivity 

and product quality. Therefore, the selection of an appropriate 

robot to execute the desired operation is imperative and is a 

very attractive topic among researchers in the last few 

decades [4]. Most of the researchers have considered the 

robot selection problem as a multi-criteria decision making 

(MCDM) problem since it includes a number of decision 

criteria on the basis of which the robot’s selection can be 

done. Literature related to robot selection problem using 

MCDM methods shows that researchers have used AHP, 

Entropy, grey relational analysis, TOPSIS etc. MCDM 

methods to solve the robot selection problem [4], [5] .  

 This work intends to explore two newly developed 

and very less espoused MCDM techniques viz. Criteria 

Importance through Inter criteria Correlation (CRITIC) 

method and Range of Value (ROV) method is used to resolve 

the problem of the selection of robots in industries. The 

selection of robots using these two methods has not been done 

in the literature to the best of our knowledge. The 

implementation of the CRITIC and ROV method for robot 

selection has been exposed with the help of a sample problem 

taken from literature. The sample problem includes a ranking 

of four robots used in industrial applications on the basis of 

six criteria namely velocity (Vr), load capacity (Lc), cost (C), 

repeatability (Rs), vendors service quality (Vsq), and robot 

programming flexibility (Pf). CRITIC method is used to 

define the priority to these criteria in the form of weights. 

Subsequently, the ROV method is employed to rank the four 

robots. Section II of the paper explains the methodology used 

in this work for solving the robot selection problem. The 

implementation step of CRITIC and ROV methods are also 

explained in this section. Section III of the paper shows the 

application of the CRITIC and ROV method on a sample 

problem. Finally, section IV of the paper presents the 

conclusions of the conducted study. 

II. METHODOLOGY 

A variety of MCDM techniques have been employed to This 

work aims to utilize very less explored MCDM techniques to 

solve the robot selection problem. CRITIC method which is 

operated to compute weights of the decision criteria. 

Consequently, the Range of Value (ROV) method is 

employed to rank the substitutes. The implementation of the 

preferred methods is shown with the help of an explanatory 

example taken from literature. The methodology of research 

is used in this work is shown in Figure 1. 
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Fig. 1: Research Methodology 

 In the first step, different types of robots used in 

industry have been identified. Each robot has different 

properties for different criteria. The criteria for evaluation of 

the robots have been identified on the basis of which their 

ranking is done. The CRITIC method is a used as a MCDM 

tool to analyse the criteria weight of each attributes. The 

obtained weight of each criterion is used for the ranking of 

identified robots by employing ROV method. The procedure 

for executing the hybrid CRITIC based ROV method has 

been discussed in the next sections. 

A. CRITIC method 

The CRITIC method is employed to determine the criterion 

weights based on the dissimilar intensity and the 

contradictory part of the assessment criteria. The steps 

involved in CRITIC method are as follows [7], [8]: 

1) Step 1: Formulation of Decision matrix (X): 

In this step, the alternatives and their criterion values are 

collected and arranged in rows and columns respectively 

which is identified as decision matrix (X) as shown in Eq. (1). 

X =  

[
 
 
 
 
 
r11 r12 … r1j … r1n

r21 r22 … … … r2n

… … … … … …
ri1 ri2 … rij … rin

… … … … … …
rm1 … … rmj … rmn]

 
 
 
 
 

                 (1) 

 Where rij mentions to the value for ith alternative for 

jth criteria. 

2) Step 2: Normalization of Decision Matrix:-  

The conversion of the distinct range of criterion value into 

comparable range normalization is done. In order to 

normalize the beneficial and cost criterion Eq. (2) and Eq. (3) 

are used respectively. 

 xij =
rij − min

1<i<m
ri

max
1<i<m

ri − min
1<i<m

ri

                             (2)   

 

xij =
rij − max

1<i<m
ri

min
1<i<m

ri − max
1<i<m

ri

                             (3)   

 Where xij indicates the normalized value of the ith 

alternative for jth criterion of X. However, max
1<i<m

ri, and 

min
1<i<m

ri represents the maximum and minimum value of 

criterion in the selected alternatives. 

3) Step 3: Calculation of Correlation Coefficient (𝜌𝑗𝑘):-  

The correlation coefficient among all the criteria can be 

determined using Eq. (4). 

ρjk =
∑ (xij − xj)(xik − xk)

m
i=1

√∑ (xij − xj)
2 ∗ ∑ (xik − xk)

2m

i=1

m

i=1

         (4) 

4) Step 4: Determination of the standard deviation (𝜎𝑗):- 

At this step, the standard deviation (σj) for each criterion is 

estimated by using Eq. (5) 

σj = √
1

n−1
∑ (xij − xj)

2
n

j=1
                 (5) 

Where i = 1, 2,……, m 

5) Step 5: Determination of the Index (C):- 

The next step is to calculate the index (C) by using Eq. (6) 

Cj = σj ∑ (1 − ρjk)
n

j=1
                        (6) 

Where j = 1, 2,……., n 

6) Step 6: Calculation of the weight of criteria 

The weights of criteria are determined according to Eq. (7) 

wj = Cj/∑ Cj
n
j=1                                (7) 

B. Range of value (ROV) method  

The range of value method is developed by Yakowitz et al. 

[9]. This method helps in comparing different alternatives by 

providing ranks to the alternatives. The step by step 

procedure of ROV method is as follows[10]: 

1) Step 1: Initially, the ROV method sets the goal and 

identifies the relevant criteria for estimating the available 

alternatives.  

2) Step 2: Formation of the initial decision matrix:- 

This step deals with the formation of an initial decision 

matrix. Each row shows the alternatives available, and each 

column refers to one criterion. 

X =  [xij] =  

[
 
 
 
 
 
x11 x12 … x1j … x1n

x21 x22 … … … x2n

… … … … … …
xi1 … … xij … xin

… … … … … …
xm1 … … xmj … xmn]

 
 
 
 
 

                (8) 

 Where xij refers to the measurement of performance 

of ith alternative with respect to jth criterion, m shows the 

number of alternatives and n represents the digits of criteria. 

3) Step 3: Normalization of decision matrix:- 

For beneficial criteria, normalization is done by employing 

Eq. (9) 

xij =
xij−min

i=1
(xij)

max
i=1

(xij)−min
i=1

(xij)
             (9) 

 For non-beneficial criteria, normalization is done by 

employing Eq. (10) 

xij =
max
i=1

(xij) −  xij

max
i=1

(xij) − min
i=1

(xij)
               (10) 

4) Step 4:Formation of utility matrix:- 

Eqn. (11) is used for best utility (ui
+), and Eq. (12) is used for 

worst utility (ui
−) 

Maximize: ui
+= ∑ (xij ∗ wj)

n

j=1
                     (11) 
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Minimize: 𝒖𝒊
−= ∑ (𝒙𝒊𝒋 ∗ 𝒘𝒋)

𝒏

𝒋=𝟏
                      (12) 

 Where 𝒘𝒋 (j=1,2,…..,n) are criteria weights which 

satisfies ∑ 𝒘𝒋 = 𝟏𝒏
𝒋=𝟏  and 𝒘𝒋 ≥ 𝟎 

 If𝒖𝒊
−>𝒖𝒊

+, Alternative i overtakes alternative i’ 

irrespective of the tangible quantitative weights. If it is not 

feasible to extricate the alternatives accordingly, a successive 

ranking can be achieved from the centrum. This can be 

determined by using Eq. (13). 

𝒖𝒊 = (𝒖𝒊
++ 𝒖𝒊

−)/2                            (13) 

5) Step 5: Ranking of alternatives:- 

Last step deals with the whole alternatives ranking as the ui 

values. Thus, the highest value of 𝒖𝒊 refers to the best 

alternative and the lowest value of 𝒖𝒊represents the worst 

alternative. 

III. ILLUSTRATIVE EXAMPLE 

The implementation process of the proposed MCDM 

methods for solving the robot selection problem has been 

shown with the help of an illustrative example. This problem 

has been taken from a work performed by [11]. In this 

problem, four robots used for industrial application are 

compared on the basis of six criteria such as velocity (Vr), 

load capacity (Lc), cost (C), repeatability (Re), vendor’s 

service quality (Vsq), and robot’s programming flexibility 

(Pf). The first step of the MCDM method is to arrange 

different alternatives and decision criteria in rows and 

columns so as to develop a decision matrix. Hence, the 

decision matrix is developed from the work conducted by [4] 

and is shown in Table 1. 

Robot Vr (m/s) Lc (kg) C ($) Re (mm) Vsf Pf 

S1 1.8 90 9500 0.45 8 4 

S2 1.4 80 5500 0.30 7 5 

S3 0.8 70 4000 0.20 6 6 

S4 0.8 60 4000 0.15 4 7 

Table 1: Criteria Values for different robots [4] 

 In this work, a CRITIC method is defined to 

determine the criteria weightage. To normalize the decision 

matrix, Eqn. (2) and (3) are considered and the normalized 

matrix is determined. Table 2 displays the normalized matrix. 

Robot Vr Lc C Re Vsq Pf 

S1 1.000 1.000 0.000 0.000 1.000 0.000 

S2 0.600 0.667 0.727 0.500 0.750 0.333 

S3 0.000 0.333 1.000 0.833 0.500 0.667 

S4 0.000 0.000 1.000 1.000 0.000 1.000 

Table 2: Normalized values of Criteria for weight 

calculation 

 In the next step of the CRITIC method, the 

correlation coefficient is calculated using Eq. 4. The 

correlation coefficient values thus obtained are displayed in 

Table 3. 
 Vr Lc C Re Vsq Pf 

Vr 1.000 0.949 -0.943 -0.977 0.877 -0.949 

Lc 0.949 1.000 -0.894 -0.976 0.983 -1.000 

C -0.943 -0.894 1.000 0.970 -0.808 0.894 

Re -0.977 -0.976 0.970 1.000 -0.922 0.976 

Veq 0.877 0.983 -0.808 -0.922 1.000 -0.983 

Pf -0.949 -1.000 0.894 0.976 -0.983 1.000 

Table 3: CORRELATION COEFFICIENT 

Afterward, the standard deviation (σj) for each criterion is 

estimated by using Eq. (5) and step 5. Moreover, the next step 

is to calculate the index (C) by using Eq. (6) and the weight 

of criteria by Eq. (7) which is shown in Table 4. 
 Vr Lc C Re Vsq Pf 

SD 0.490 0.430 0.472 0.441 0.427 0.430 

Sum 

(1-CC) 
6.044 5.939 5.781 5.930 5.853 6.061 

Index 

(C) 
2.961 2.556 2.731 2.615 2.499 2.608 

Weight 0.185 0.160 0.171 0.164 0.156 0.163 

Table 4: Standard deviation, total conflict AND WEIGHTs 

OF CRITERIA 

 After the estimation of criteria weights, the ROV 

method is used in the determination of the rank of 

alternatives. Firstly, Eq. (8) is used to form the DM. Further, 

Eq. (9) and Eq. (10) are used to determine normalized matrix 

for advantageous criteria, and non-advantageous criteria, 

respectively shown in Table 5. 

Robot Vr Lc C Re Vsq Pf 

S1 0.185 0.160 0.000 0.000 0.000 0.000 

S2 0.111 0.107 0.124 0.082 0.054 0.054 

S3 0.000 0.053 0.171 0.136 0.109 0.109 

S4 0.000 0.000 0.171 0.164 0.000 0.163 

Table 5: Normalized Values for ranking of robots 

 Afterward, a utility matrix is formed by the 

following Eq. (11) and Eq. (12). Finally, ranking is done on 

the basis of average utility value which is shown in Table 6. 

Robot U+ U- Uavg Rank 

S1 0.502 0.000 0.251 3 

S2 0.390 0.206 0.298 1 

S3 0.240 0.307 0.274 2 

S4 0.163 0.335 0.249 4 

Table 6: utility matrix and ranking of robots 

 It can be observed from Table 6, that Uavg is highest 

for S2. Hence, S2 is the best suitable robot for the pick and 

place operation followed by S3, followed by S1, followed by 

S4.  

IV. CONCLUSIONS 

MCDM method plays a significant role in the decision 

making of complex problems in industries. The selection of 

appropriate robot for desired operations in manufacturing 

systems is very difficult for decision-makers as there exist a 

number of different robots with a variety of characteristics 

and features. MCDM methods are used for the selection of 

the best alternative among the available alternative when 

there exist multiple conflicting criteria. In this work four 

robots such as S1, S2, S3, and S4 are ranked on the basis of 

six criteria namely velocity (Vr), load capacity (Lc), cost (C), 

repeatability (Re), vendor’s service quality (Vsq), and robot’s 

programming flexibility (Pf), respectively. CRITIC method is 

preferred to prioritize the criteria by providing weightage of 

the criteria. Subsequently, the ROV method is employed to 

rank the alternative robots. The major conclusions of the 

study conducted are presented as follows: 

 The hybrid CRITIC-based ROV method is found to be 

simple and effective method to solve MCDM problems.  
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 CRITIC method is used to weight the several criteria for 

the robot selection. Moreover, Vr is found to be the most 

important criteria for the selection of robot followed by 

C followed by Re followed by Pf followed by Lc followed 

by Vsq.  

 Among the four robots, the selection order of robots is 

S2>S3>S1>S4. 
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