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Abstract (Times New Roman, 10, Bold)
[bookmark: _GoBack]Industrial robots are man-made mechanical devices that can move by themselves and motion control by programming. The robot provides wide range of specification with working flexibility and possess the different characteristics and configuration to carry out the specific task. (Italic: Times New Roman, 10) Maximum: 200 words
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1. Introduction (Times New Roman, 10, Bold)
It can execute material handling, pick and place operation, welding of parts, spray painting, etc. efficiently than humans and even the certain tasks which seems to be dangerous or heavy for humans to carry out can be done using industrial robots with proper safety of plants. Today's manufacturers started investing in robot because of its extraordinary outputs in terms of increased efficiency, improved quality, increased profitability and customer satisfaction. The selection of industrial robot is quite difficult task, it performs very crucial role in new age of manufacturing.
     In present study, a multi criteria decision making method viz: complex proportional assessment (COPRAS) method is implemented to obtain the best choice of industrial robot for moving the products during production process in manufacturing industry. The previous finding shows the application of COPRAS method for selection of industrial robots pick and place operation of industrial robot for the different manufacturing environment [1-2]. The suggested methodology made the decision process more efficient with proper analysis based on mathematical approach. (Times New Roman, 10)
        
2. Literature Survey (Times New Roman, 10, Bold)
Many researchers implemented the MADM techniques for the robot selection. The summary of literature review is as follows:
     Rajani and Babu [3] proposed Analytical Hierarchy Process (AHP) and Technique of Order Preference by Similarity to Ideal Solution (TOPSIS) methods to prioritize the robot selection by evaluating the different alternatives and attributes for spot welding operation.  Nasrollahi et al. [4] attempted Fuzzy Best Worst Method (FBWM) and Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) approach to achieve the predetermined goal in terms of industrial robot selection for different manufacturing requirements. Tansel et al. [5] implemented the decision support system for robot selection using a two-phase robot selection decision support system, namely ROBSEL to develop the selection criterion model and then it had examined by Fuzzy AHP method to rank the alternatives. Zhou et al. [6] applied fuzzy extended VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) method to select the mobile robot for hospital pharmacy. The study aimed to install robot automatic system in healthcare firm because of its satisfied outcomes with proper safety. Kentli and Kar [7] applied multi criteria decision on making model for robot selection procedure for satisfaction function for attributes analysis and the rank evaluated by the distance measure technique. Özgürler et al. [8] implemented AHP and TOPSIS methods to select the robot for material handling operation in flexible manufacturing system. Omoniwa [9] applied grey rational analysis (GRA) to bring out the solution of multi criteria robot selection problem. The two practical cases was considered and results calculated by grey theory had compared with previous techniques to confirm its accurate approach. Simion et al. [10] attempted AHP in order to select the robot for military industry to perform arc welding of tracked mini robot housing used in military application. 
     Ghose et al. [11] applied integrated fuzzy-COPRAS procedure to select the optimal material for solar electric car. The study considered fourteen attributes and nineteen distinct alternatives to obtain the best result. Roozbahani et al. [12] used COPRAS method for inter-basin water transfer planning in Iran in three intervals viz. integer, fuzzy and grey by analyzing four attributes and eight alternatives. Sriram and Vinodh [13] used COPRAS method for the analysis of readiness factor for industry 4.0 installation in small and medium-sized enterprises. Parameshwaran et al. [14] applied fuzzy AHP approach for robot selection for teaching purpose to calculate weight of attributes and ranking done by fuzzy TOPSIS method. Mecheri and Greene [15] applied AHP method to determine suitable robot for collaborative application and focused on determining the specific criteria useful for evaluation of various robots. Bahadır and Büyüközkan [16] used fuzzy VIKOR methodology to select the robot for warehouses and assessed seven robot alternatives and five criteria to obtain the required outcomes in terms of best robot selection. Fulzele et al. [17] applied multi-attribute decision-making methods for selection of conveyor.
     It is observed in the literature that the researchers used various MCDM methods for various selection problems but selection of industrial robot for manufacturing industries is not reported in the literature therefore, the present work used COPRAS method for the selection of the most preferred industrial robot from the five alternatives and four major attributes viz:. Load Capacity, Repeatability Error, Verticle Reach and Degree of Freedom. (Times New Roman, 10)

3. COPRAS method  (Times New Roman, 10, Bold)
It is a preference ranking method introduced by Zavadskas. It is an efficient techniques which plays an important role in decision process. It consider both beneficial and non-beneficial criterial during evaluating procedure and assess separately. The stepwise procedure used to arrive the best choice of robot alternatives is as follows [18]:
Step 1: Normalization of decision matrix (R) using Eq. 1.
                                                                                                       ….. (1)                                                                                                                                              
Where, xij is the assessment value and rij is the normalized performance value of ith alternative with respect to jth criterion, ‘m’ is the number of alternatives and ‘n’ is the number of criteria.
 Step 2: Calculate the weighted normalize decision matrix (D) using Eq. 2.
                                                                         ….. (2)
Where, wj is the weight of jth criterion and yij is weighted normalize performance value.
Step 3: Calculate the sum of weighted normalized value for both beneficial and non-beneficial criteria’s using Eq. 3.
S+i = +ij
S- i = -ij                                                                                                                                                                                             ….. (3)
Where, y+ij & y-ij are weighted normalized value for beneficial attributes and non-benifical criteria’s respectively.
Step 4: Calculate the relative significance (Qi) of alternatives using Eq. 4.
Qi =+ (i=1, 2… m)                                                                            ….. (4)
Where, S-i(min) is the minimum value of S-i
 Step 5: Calculation of utility factor (Ui) for ith alternative using Eq. 5.
Ui = []00                                                                                                                    ….. (5)
(Times New Roman, 10)

4. Problem Statement   (Times New Roman, 10, Bold)
Industrial robot selection is quite tedious and challenging task in today's manufacturing world. In industry, for every task robots have invented due to its wide range of specification and features. The five industrials robots are considered as alternatives and four attributes considered are Load capacity (LC), repeatability error (RE), verticle reach (VR) and degree of freedom (DOF). The repeatability error is the non-beneficial attribute with lower values is desirable and while Load capacity, repeatability error, verticle reach and degree of freedom are beneficial with higher values are desirable. Table 1 shows the industrial robots selection matrix for the resolution of a problem in which the alternatives for each attribute are presented. The weight of each attribute is calculated using the AHP shown in Table 2. (Times New Roman, 10)
Table 1. Industrial robot selection matrix
	
	
	Attributes                               
	
	

	Alternatives

	Load Capacity (kg)
	Repeatability Error (mm)
	Verticle Reach (mm)
	Degree of Freedom

	Robot1
	60
	0.4
	125
	5

	Robot2
	60
	
	
	

	Robot3
	68
	
	
	

	Robot4
	50
	
	
	

	Robot5
	30
	0.6
	55
	5



Table 2. Relative weights using AHP
	Attributes
	LC
	RE
	VR
	DOF

	Weights
	0.0963
	0.5579
	0.0963
	0.2495




5. Result and Discussions (Times New Roman, 10, Bold)
To solve the industrial robot selection problem in the manufacturing industry using the COPRAS method, the decision matrix is first normalized using Eq. (1) as presented in Table 3. The purpose of normalization is to obtain dimensionless values of different attributes. The corresponding weighted normalized decision matrix shown in Table 4 is calculated by using Eq. (2) by multiplying the weights of each attributes given in Table 2. The sums of the weighted normalized values are evaluated for both the beneficial attributes (S+i) and non-beneficial attributes (S-i) using Eq. (3) as given in Table 5. The relative significance (Qi) and the utility degree (Ui) for each alternative are calculated using Eq. (4) and Eq. (5) respectively and ranking of robots has done with the help of utility degree with the highest percent as the best choice and lowest as the worst choice of alternative as shown in Table 6. (Times New Roman, 10)
Table 3. Normalized Decision Matrix
	Robots
	LC
	RE
	VR
	DOF

	Robot1
	0.2238
	0.1581
	0.2604
	0.1785

	Robot2
	
	
	0.2604
	0.2142

	Robot3
	
	
	0.1562
	0.2142

	Robot4
	
	
	0.2083
	0.2142

	Robot5
	
	
	0.1145
	0.1785



Table 4. Weighted Normalized Matrix
	Robots
	LC
	RE
	VR
	DOF

	Robot1
	0.0215
	0.0882
	0.0250
	0.0445

	Robot2
	
	
	
	

	Robot3
	
	
	
	

	Robot4
	
	
	
	

	Robot5
	0.0107
	0.1322
	0.0110
	0.0445



Table 5. Sum of Weighted Normalized Values
	Robots
	S+i
	S-i

	Robot1
	0.091
	0.0882

	Robot2
	
	

	Robot3
	
	

	Robot4
	
	

	Robot5
	0.0662
	0.1322



Table 6. Qi and Ui values for each robots with ranks
	Robots
	Qi
	Ui (%)
	Rank

	Robot1
	0.1816
	48.77
	3

	Robot2
	
	
	

	Robot3
	
	
	

	Robot4
	0.1275
	34.24
	

	Robot5
	0.1266
	34
	5



6. Conclusions  (Times New Roman, 10, Bold)
Robot plays very important role in automation which is important key to the success of manufacturing industry. Few decades ago, industrial robots were the focus of science fiction, but today they are a reality. As time goes on, they are become smarter, more capable and able to handle advanced critical tasks. Companies are embracing robotics in their manufacturing plants, industrial robot can evolve and fulfil the requirement of growing manufacturing industry. There, robot selection should be accurate as per applications and specifications. The present study helps manufacturers to use the features for industrial robots purchase and promotion planning for targeting the customers and can design the marketing plan. The study can also help consumers to purchase industrial robot within budget considering the different aspects. (Times New Roman, 10)

7. Future Scope (Times New Roman, 10, Bold)
The selection of industrial robots using decision-making techniques like COPRAS presents promising opportunities for further research and application. Future studies can expand the current work by incorporating a larger set of alternatives and additional attributes such as cost, energy consumption, maintenance requirements, and safety features to better reflect real-world complexities. Integration of fuzzy logic or hybrid MCDM methods 
    With the rapid advancement of Industry 4.0 and smart manufacturing, there is a growing need to align robot selection models with IoT, machine learning, and cloud computing technologies. This would further aid manufacturers in making informed, data-driven decisions, enhancing productivity, reducing downtime, and improving return on investment.  (Times New Roman, 10)
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