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Abstract: Recently, Unmanned Aerial Vehicles (UAVs) have been used in many fields, including the 

field of health care, especially in delivering the necessary medical equipment and supplies, due to the 

many advantages they have compared to other traditional methods and the presence of different 

types of UAVs, to improve healthcare and provide it with the medical supplies and equipment 

necessary to save the lives of patients. Choosing the appropriate UAV for a specific situation 

represents a problem facing decision-makers, which is considered a multi-criteria decision-making 

problem. Since the decision-making process is cumbersome and complex, and deals with uncertainty 

and ambiguity. In this research, we proposed multi-criteria decision-making (MCDM) model using 

CRITERIA (Criteria Importance through Intercriteria Correlation) and MARICA (Multi-Attribute 

Rating Analysis with Ideal Concepts) methods integrated with neutrosophic logic, which is 

considered a powerful tool in dealing with uncertainty and ambiguity. The CRITIC method calculates 

the weight of criteria, whereas it takes into account the correlations and relationships between the 

criteria, whether they are positive or negative, unlike other methods that consider the criteria 

separately, which allows for a more accurate and comprehensive analysis of the decision problem. 

The MARICA method is used also to rank the alternatives. It allows decision-makers to evaluate 

alternatives according to how well they perform across multiple criteria by considering several 

factors at once. This helps increase the effectiveness of judgments by taking into account all relevant 

factors. Moreover, MARICA is a user-friendly method that doesn't require complex mathematical 

calculations, making it accessible to anyone who wants to make sound choices. The UAV with the 

highest ranking is the one that will be chosen and represents the best among the alternatives. The 

proposed model proved its effectiveness by applying it to an experimental case.  

Keywords: Unmanned Aerial Vehicle; MCDM; CRITIC; MARICA; Medical Supplies Delivery. 

 

1. Introduction 

Healthcare is crucial in saving human lives, and its demand has recently surged. Delivering 

medical supplies efficiently and reliably has become more important than ever, particularly after the 

outbreak of the coronavirus pandemic. This includes delivering necessary equipment and supplies 

to patients to provide them with the healthcare they need. Timely delivery of medical supplies is 

critical to saving lives, and traditional transportation and delivery operations often face obstacles in 

terms of delivering the package late or some damage, such as breakage and corruption, Therefore, a 

solution must be sought. 

With the spread of information technology and the Internet of Things (IoT), which has 

contributed to the development of health care [1], unmanned aircraft systems have been included in 

the development of transportation and delivery operations, especially in urban areas, due to their 
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characteristics [2]. UAVs have proven to be a highly versatile tool across various industries, playing 

a crucial role in addressing several pressing issues, it was used in agriculture [3], was used in animal 

wealth, as it contributed to the effective detection of and counting of livestock [4], was used in water 

management [5]. Similarly, in the medical field, UAVs have brought about a significant breakthrough 

in delivering medical equipment to remote areas that are difficult to access through conventional 

means. This has been instrumental in ensuring that medical aid reaches those in need in a timely and 

efficient manner [6]. UAVs are increasingly being recognized as a viable option for delivering medical 

resources and equipment. They offer several advantages over traditional delivery methods, such as 

their high speed, ease of deployment, and ability to access remote areas that are difficult to reach 

otherwise [7-9]. Additionally, drones are highly resistant to wind, making them suitable for 

delivering packages even in challenging weather conditions while ensuring the safety of the items 

being transported [10]. The authors discussed the limitations of prehospital blood transfusion in 

military settings, and the potential uses of UAVs for medical logistics [11]. Comparisons were made 

and it was proven that using UAVs to transport medical supplies to healthcare facilities is more cost-

effective and environmentally friendly than using traditional techniques has been demonstrated [12]. 

Because there is a wide range of UAVs on the market, each with its own set of features, choosing 

the best UAV type to meet a given situation can be difficult and restrictive for decision-makers, they 

all have distinct goals and perspectives. To select the finest one, a methodical approach is therefore 

required between options based on the applied criteria. Therefore, choosing and evaluating UAVs 

and using them in the process of delivering medical supplies represents a challenge for multi-criteria 

decision-making.  

MCDM is a technique that involves analyzing the various available options in a situation and 

has been used to choose the best UAV to be used to deliver medical supplies and equipment. Some 

authors aimed to highlight the evolution and significance of MCDM approaches in military 

healthcare by examining the literature's different applications of MCDM methods in the military and 

healthcare domains [13]. The interval-valued Pythagorean fuzzy VIKOR approach and the interval-

valued Pythagorean fuzzy analytic hierarchy process were used to select UAVs for transporting 

medical supplies between disaster zones and warehouses [14]. The authors provided a 

comprehensive set of criteria for comparing various last-mile drone options, which used the interval-

valued inferential fuzzy TOPSIS method which is a systematic decision-making strategy and 

handling uncertainty [15]. 

The aforementioned studies have demonstrated that utilizing MCDM technology enables one to 

arrive at informed decisions. Therefore, in this research we present a method to evaluate UAVs and 

choose the best among the alternatives, which are used in the operations of delivering and supplying 

medical supplies, using a new MCDM model in the context of neutrosophic logic. 

This research aims to help decision-makers make the best decision based on an organized and 

effective methodology based on expert’s opinions. Therefore, to select the best UAV for medical 

supply delivery, the problem was formulated as a MCDM problem. 

Utilizing MCDM technology to evaluate the best UAV suitable for delivering the necessary 

medical supplies through: 

 Applying the CRITIC (Criteria Importance Through Intercriteria Correlation) method, to 

calculate the weight of criteria and sub-criteria related to UAVs used for delivering medical 

supplies. 

 Applying the MARICA (Multi-Attribute Rating Analysis with Ideal Concepts) method for 

ranking the alternatives depending on the weight calculated by CRITIC, this is in the context 

of the concept of truth, falsity, and indeterminacy (𝑇,𝐼, and𝐹) membership. 

Also, the proposed method to evaluate the best UAV is simple and has the great ability to deal 

with uncertainty phenomena and solve the ambiguous information that commonly arises in the 

decision-making process.  
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The remaining parts of our research are provided below for processing purposes. In section 2, a 

proposed methodology for selecting the best UAV among the alternatives that are used in medical 

supply delivery is described. In section 3, a case study for selecting the best UAV is solved to 

demonstrate the method's applicability in a neutrosophic environment. In section 4, the managerial 

implications are presented. This research's conclusions and recommendations for the future are 

presented in Section 5. 

 

2. Methodology 

Our model utilizes two MCDM techniques for selecting the best UAV among the alternatives 

that are used in medical supply delivery. We are using the CRITIC as an MCDM method to get 

weights of criteria, and we are using the MARICA method to rank the UAV according to the weights 

that are obtained from the CRITIC. Figure 1 shows, the flowchart of our model. Our model consisted 

of several steps as follows: 

Step 1: (Define the experts based on the area of concern): Experts are people with great experience 

and have high knowledge in the field of UAV devices. 

Step 2: Determined list of evaluation (criteria and sub-criteria) and alternatives based on expert 

opinions, let 𝐶 be a set of criteria𝐶 = {𝑐1, 𝑐2 … . . 𝑐𝑛}, where 𝑐1, 𝑐2 … . . 𝑐𝑛 are main criteria in each 

criteria 𝐶𝑖 ,  1 < 𝑖 < 𝑛  is formed by sub-criteria: 𝐶1 = {𝑐11, 𝑐12 … . } , 𝐶2 = {𝑐21, 𝑐22 … . } . Let’s 

consider 𝐴 = {𝐴1, 𝐴2, 𝐴3, 𝐴4} be a set of alternatives representing the UAV’s type. 

 
Figure 1. The flowchart of our model. 

 

Step 3: (Expert decision matrix): When making decisions, we often encounter ambiguity, as all 

decisions usually involve uncertain or unclear information. However, simply using linguistic 
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variables to address uncertainty is not enough. To tackle the problem of linguistic ambiguity, we 

propose the use of the neutrosophic group which is capable of dealing with the ambiguous 

information that commonly arises in the decision-making process. Thus, we use a single-valued 

neutrosophic scale (SVNs) to convert the linguistic scale into a corresponding numerical scale, using 

the terms used by experts to construct decision matrices. Each term used by experts has a set of 

characteristics including truth, indeterminacy, and falsity, collectively referred to as SVNS. As shown 

in Table 1. After collecting the SVNS data, it can be converted into a distinct value that is compatible 

with the proposed model. It is important to note that the neutrosophic matrix can be transformed into 

a crisp matrix using the scoring function represented in Eq. (1) [16]. 

𝑆𝑐𝑜𝑟𝑒 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =  
2+(𝑇𝑟−𝐹−𝐼𝑑)

3
                                     (1) 

Where 𝑇𝑟, 𝐹, 𝐼𝑑 refers to truth, false, and indeterminacy respectively. 

Step 4: (Construct aggregated decision matrix): Because we have more than one expert and each of 

them has its decision matrix, the experts’ matrices must be collected into one decision matrix called 

aggregated decision matrix by using Eq. (2). 

𝑌𝑖𝑗 =  
∑ 𝑔𝑖𝑗

𝑁
𝑗=1

𝑁
                                                                         (2) 

Where 𝑔𝑖𝑗 represents the value of criterion in the matrix, 𝑁 represents the number of experts.                                             

Step 5: (CRITIC method): To determine criteria weights of relative importance. Where, the standard 

deviation score is used to measure the degree of variety and dispute, and determines the relationship 

between each attribute using the correlation coefficient between them. The CRITIC method was 

introduced by Diakoulaki in 1995 and can be summarized into the following steps [17]. 

Step 5.1: Normalized aggregated decision matrix by applying Eq. (3) as follows: 

𝑥𝑖𝑗
−  =

𝑥𝑖𝑗  −   𝑥𝑤𝑜𝑟𝑠𝑡

 𝑥𝑏𝑒𝑠𝑡 −   𝑥𝑤𝑜𝑟𝑠𝑡
    , 𝑖 = 1,2 … . 𝑚 , 𝑗 = 1,2 … 𝑛                                            (3) 

Where, 𝑥𝑖𝑗
− is the normalized performance score of 𝑖𝑡ℎ alternative on 𝑗𝑡ℎ criteria, 𝑥𝑤𝑜𝑟𝑠𝑡  is the worst 

score of criteria 𝑗 and the 𝑥𝑏𝑒𝑠𝑡  is the best score of criteria 𝑗, where 𝑚 is the number of alternatives 

and 𝑛 is the number of criteria. 

Step 5.2: Calculate the standard division of each criteria by applying Eq. (4) as follows: 

𝜎𝑗 =  √
(∑ 𝑥𝑖𝑗− 𝑥𝑗

−)^2 𝑚
𝑖=1

𝑚−1
                                                                  (4) 

Where 𝑥𝑗
− the mean score of the criterion is 𝑗 calculated from Eq. (3), and  𝑚  is the number of 

alternatives. 

Step 5.3: Determine the symmetric matrix of 𝑛 ∗ 𝑛  with the element 𝑟𝑗𝑘 , which is the linear 

correlation coefficient between the vector xj and xk , It can be seen that the more discordant the 

scores of the alternatives in criteria j and k, the lower the value rik. 

Step 5.4: Calculate the measure of the conflict created by criterion 𝑗 with respect to the decision 

situation defined by the rest of the criteria, by applying Eq. (5) as follows: 

𝐶𝑜𝑛 =  ∑ (1 − 𝑟𝑗𝑘)𝑚
𝑘=1                                                                  (5) 

Step 5.5: Determine the quantity of the information in relation to each criterion, by applying Eq. (6) 

as follows: 

𝐶𝑗 =  𝜎𝑗 ∗  ∑ (1 −  𝑟𝑗𝑘)𝑚
𝑘=1                                                                 (6) 

Step 5.6: Determine the criteria weights by applying Eq. (7) as follows: 

𝑤𝑗 =  
𝐶𝑗

∑ 𝐶𝑗
𝑚
𝑘=1

                                                                         (7) 

Step 6: (MARICA method): We utilize the MARICA method to rank the alternatives, the MARICA 

method was introduced by Pamucar et al in 2014 [18]. By the MARICA method, the overall gap for 

each alternative is calculated by summing the gaps for each criterion, After that, the alternatives are 

ranked, and the alternative with the lowest value of the total gap is the best alternative that will be 

chosen, where, the alternative with the smallest overall gap is the one that has the most similar values 

to the ideal values of the criterion across the greatest number of criteria. The MARICA is implemented 

through the following: 
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Step 6.1: Calculating decision matrix, we used the aggregated matrix that we calculated before in step 

4 as the decision matrix for the MARICA method. 

Step 6.2: Establishment of preferences according to alternatives 𝑝𝐴𝑖  choice. 

𝑝𝐴𝑖
=

1

𝑚
 ;  ∑ 𝑝𝐴𝑖

𝑚
𝑖=1 = 1   , 𝑖 = 1,2 … 𝑚                                                     (8) 

Where 𝑚 is the total number of alternatives, take into account that all preferences of the individual 

alternatives are equal:  

𝑝𝐴1
= 𝑝𝐴2

= ⋯ 𝑝𝐴𝑚
                                                                    (9) 

Step 6.3: Calculation of the matrix element of theoretical evaluation 𝑇𝑝 with size (𝑛 𝑥 1) as follows: 

𝑇𝑝 =  𝑝𝐴𝑖
 [𝑝𝐴1

∗ 𝑤1      𝑝𝐴2
∗ 𝑤2    …    𝑝𝐴𝑖

∗ 𝑤𝑛 ]                                             (10) 

Where 𝑛 is the number of criteria and 𝑤𝑛 is the criteria weight coefficients that we calculated before 

by CRITIC method. 

Step 6.4: Calculation of the actual evaluation matrix 𝑇𝑟 as follows: 

𝑇𝑟 =  

𝐴1

𝐴2

𝐴𝑚

 [

𝑡𝑟11 … 𝑡𝑟1𝑛

⋮ … 𝑡𝑟2𝑛

𝑡𝑟𝑚1 … 𝑡𝑟𝑚𝑛

]                                                            (11) 

Where 𝑛 is the number of criteria and 𝑚 is the number of alternatives. The 𝑇𝑟 is determined by 

multiplying the matrix elements of the theoretical evaluation 𝑇𝑝and the elements of the initial decision 

matrix (𝑋) according to the expression: 

 For criteria of (benefit type): 

𝑡𝑟𝑖𝑗 =  𝑡𝑝𝑖𝑗  (
𝑥𝑖𝑗− 𝑥𝑖

−

𝑥𝑖
+− 𝑥𝑖

−)                                                           (12) 

 For criteria of (non-benefit type): 

𝑡𝑟𝑖𝑗 =  𝑡𝑝𝑖𝑗  (
𝑥𝑖𝑗− 𝑥𝑖

+

𝑥𝑖
−− 𝑥𝑖

+)                                                           (13)      

Step 6.5: Calculation of the total gap matrix (𝐺 ): the elements of the matrix are obtained as the 

difference (gab) between the 𝑡𝑟𝑖𝑗 and the 𝑡𝑝𝑖𝑗  

𝐺 =   [

𝑡𝑝11 − 𝑡𝑟11 … 𝑡𝑝1𝑛 − 𝑡𝑟1𝑛

⋮ … 𝑡𝑝2𝑛 − 𝑡𝑟2𝑛

𝑡𝑝𝑚1 − 𝑡𝑟𝑚1 … 𝑡𝑝𝑚𝑛 − 𝑡𝑟𝑚𝑛

]                                                   (14) 

Step 6.6: Calculation of the final value of criterion functions (𝑄𝑖) by alternatives, calculated as follows: 

𝑄𝑖 =  ∑ 𝑔𝑖𝑗  
𝑛
𝑗=1 , 𝑖 = 1,2 … . 𝑚                                                           (15) 

Step 6.7: Ranking of the alternatives. 

Table 1. Single-valued neutrosophic scale (SVNs) [16]. 

Variables of Linguistic Abbreviation 
SVNs 

Tr     Id      F 
Extremely Bad EB 0.00         1.00        1.00 
Very Very Bad VVB 0.10         0.90        0.90 

Very Bad VB 0.20         0.85        0.80 
Bad B 0.30         0.75        0.70 

Medium Bad MB 0.40         0.65        0.60 
Medium M 0.50         0.50        0.50 

Medium Good MG 0.60         0.35        0.40 
Good G 0.70         0.25        0.30 

Very Good VG 0.80         0.15        0.20 
Very Very Good VVG 0.90         0.10       0.10 
Extremely Good EG 1.00         0.00        0.00 

 

3. Case Study (Result and Analysis) 

In our study, We will conduct an experiment study to evaluate our proposed model to choose 

the best UAV to deliver medical equipment, as there is a need to deliver the ICD device and blood 

bags from Dr. Magdy Yacoub Hospital in Aswan City to Dar Al Fouad Hospital in Cairo city to 
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perform a heart surgery necessary to save a patient’s life. This device is small in size, and the distance 

between Aswan and Cairo is about 906 kilometers, which takes an arrival time of about 11 hours 

using traditional methods. Thus, the UAV is used to transport the ICD device and the necessary blood 

bags to Dar Al Fouad Hospital in Cairo instead of traditional methods, due to the importance of time 

and the safe arrival of the package. Therefore the selection of suitable UAVs is a hard task.  

We are introducing a new method to assist decision-makers in selecting the most appropriate 

UAV from a set of UAVs for delivering medical supplies taking into account factors such as time and 

package delivery integrity. We assume that there are four UAVs (alternatives), each with unique 

characteristics (criteria) that are denoted as 𝐴 = {𝐴1, 𝐴2, 𝐴3, 𝐴4}  and that there are four decision-

makers with extensive knowledge of a particular subject. 

Step 1: We assume that there are four experts {𝑒𝑥𝑝𝑒𝑟𝑡1,𝑒𝑥𝑝𝑒𝑟𝑡2, 𝑒𝑥𝑝𝑒𝑟𝑡3, and 𝑒𝑥𝑝𝑒𝑟𝑡4} as follows: 

Expert1&2: have a PhD degree in the aeronautical engineering field. Expert 3: have a PhD degree in 

the medical field. Expert 4: have a PhD degree in the machine learning field. The expert who possesses 

extensive experience and high knowledge in designing, operating, and maintaining UAVs. All of 

them have the same level of expertise. The experts will evaluate the judgment comparison of the main 

criteria based on their area of concern. 

Step 2: The selection of a UAV involves assessing the importance of various criteria, which differ 

from one alternative to another. Hence, it is crucial to determine and define the criteria to be used in 

medical supply delivery. In this research, we will outline criteria that are collected from previous 

research [19, 20]. In this research, we divide criteria into main criteria and others branching from 

them(sub-criteria), three main criteria {C1, C2, C3} that have been defined for choosing the best UAV 

for medical supply delivery, and each of them includes sub-criteria {payload, speed, distance, control 

system, safety, Clock synchronization and flight time} which denoted as 

{C11, C12, C13, C21, C22, C31, C32}  respectively, as shown in Table 2. The criteria and sub-criteria 

described as follows: the main criteria= {C1, C2, C3}, where C1 = performance, C2 = physical feature 

and C3 = timing. The sub-criteria C1 = {C11, C12, C13} = {payload, speed, distance}, C2 = {C21, C22} 

= {control system, safety} and C3 = {C31, C32}= {Clock synchronization, flight time}. The performance 

criterion (C1) can be determined by its payload which, refers to the maximum weight that the drone 

can carry, which affects the process of delivering medical equipment and supplies, as the UAV has a 

high payload, and can carry heavy equipment effectively and with low cost. Besides the speed of the 

UAV in delivering the package. Besides, the distance /criterion refers to the maximum distance that 

an unmanned aircraft can travel at one time. The physical feature criterion(C2), includes safety, which 

refers to the protection system used in the UAV to ensure that the package arrives safely, in addition 

to the control system, which refers to how much manual labor is needed to operate the UAV. The 

timing criterion,(C3) can determined by clock synchronization to ensure the success of UAV delivery 

operations, it is crucial to have real-time clock synchronization. This synchronization helps to prevent 

delays, errors, and other issues by ensuring accurate timing throughout the delivery process. By 

implementing real-time clock synchronization, UAV delivery companies can ensure smooth and 

efficient operations. Besides flight time which, refers to the maximum period of time that the UAV 

can fly in the air.  

 

Table 2. The main criteria and sub-criteria of our model. 

Main criteria Sub-criteria 

performance 𝐂𝟏 

Payload C11 

Speed C12 

Distance C13 

Physical feature 𝐂𝟐 
Control system C21 

Safety C22 

Timing 𝐂𝟑 
Clock synchronization  C31 

Flight time C32 
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Step 3: Four experts start to evaluate the main criteria, as shown in Tables 3, 4, 5, and 6, then the 

expert’s decision matrices will converted into crisp matrices by utilizing Eq. (1), using the scale in 

Table 1, as shown in Tables 7,8,9 and 10.  

Step 4: All the crisp decision matrices must collected into one aggregated matrix by utilizing Eq. (2), 

as shown in Table 11. 

Step 5: After collecting the expert decision matrices into one aggregated matrix, the CRITIC method 

will be utilized to get the criteria weights, firstly we construct the normalized matrix for the main 

criteria based on the CRITIC method by utilizing Eq. (3), as shown in Table 12. Table 13 shows, the 

standard division of each criterion by utilizing Eq. (4). Table 14 shows, the linear correlation 

coefficient symmetric matrix between each pair of the main criteria. Table 15 shows, the measure of 

the conflict by utilizing Eq. (5). Table 16 shows, the final weight of the main criteria by calculation of 

the quantity of the information in relation to each criterion by utilizing Eq. (6) and (7), where the 

timing (C3) is the highly preferred criterion to other criteria with weight equal to 0.03042516 and final 

ranking of the main criteria as C3 > C2 > C1 , as shown in Figure 2. To calculate the weight of sub-

criteria, we will repeat the steps from step three to step five, as we did in the main criteria, thus: 

For the performance sub-criteria, after the experts evaluate the performance sub-criteria, we will 

convert the expert’s decision matrices into a crisp matrix by utilizing Eq. (1), these matrices are 

collected into one aggregated matrix by applying Eq. (2) as shown in Table 17. We apply the CRITIC 

method on the aggregated matrix to get the performance sub-criteria weight, as shown in Table 18. 

Figure 3, shows that the payload (𝐶11)is the highly preferred performance sub-criteria over the other 

performance sub-criteria with a weight equal to 0.441945, and the final ranking of the performance 

sub-criteria as𝐶11 > 𝐶13 > 𝐶12, as shown in Figure 3.  

For physical feature sub-criteria, Table 19, shows the aggregated matrix of physical feature sub-

criteria by utilizing Eq. (2). Table 20, shows the calculation of the physical feature sub-criteria weight 

by the CRITIC method. Figure 4, shows that the C22 is the highly preferred physical feature sub-

criteria over the other physical feature sub-criteria with a weight equal to 0.501386, and the final 

ranking of the physical feature sub-criteria as C22 > C21. For timing sub-criteria in level 2, Table 21, 

shows the aggregated matrix of the timing sub-criteria by utilizing Eq. (2). Table 22 shows the 

calculation of the timing sub-criteria weight in level 2 by the CRITIC method. As shown in Figure 5, 

C31 is the highly preferred sub-criteria in level 2 over the other timing sub-criteria with a weight 

equal to 0.501905. After completing the calculation of the weights of all sub-criteria, we can obtain 

the final weights for the criteria as shown in Table 23. Figure 6 shows that the C31 is the highly 

preferred criterion over the other criteria with a weight equal to 0.220895, C31 > C32 > C22 > C21 >

C11 > C13 > C12. As shown, the time criterion followed by the safety criterion are the high priority 

based on the presented scenario. 

Step 6: After calculating the weight of the main criteria and sub-criteria, apply the MARICA method 

to rank the alternatives and choose the best UAV suitable for our scenario. For the main criteria: firstly 

the aggregated matrix in Table 11 is represented as the decision matrix, then establishes the 

preferences according to alternatives pAi  by utilizing Eq. (8), in our scenario pAi =
1

4
= 0.25. The 

theoretical evaluation matrix Tp  is calculated by utilizing Eq. (10) using the weight of the main 

criteria in Table 16 that were calculated before by the CRITIC method, as shown in Table 24. Table 25 

shows the actual theoretical evaluation matrix Tr by utilizing Eq. (12), note that all the criteria are 

benefit criteria. Table 26 shows, the total gap matrix by utilizing Eq. (14). Table 27 shows, the final 

value of criterion functions (Qi) by alternatives that are calculated by utilizing Eq. (15). According to 

Figure 7, A2 is the one with the highest rank, whereas, the alternative with the lowest value of the 

total gap (Qi), is the best alternative that will be chosen; thus, the alternatives ranked asA2 > A4 >

A3 > A1. So, decision-makers will choose the A2 for medical supply delivery in our scenario. For the 

sub-criteria: apply the same MARICA method steps thus, Table 28 shows, the final value of criterion 

functions (Qi) by alternatives that are calculated by utilizing Eq. (15) in the performance sub-criteria, 
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note that, we using Table 17 as the decision matrix of the performance sub-criteria and using the 

weight in Table 18 that was calculated before by the CRITIC method. Figure 8 shows that A2 is the 

one with the highest rank according to the performance sub-criteria, where, A2 is the lowest value 

of the total gap (Qi) in performance sub-criteria, thus, the alternatives ranked as 2 > A4 > A3 > A1. 

Then, A2 is the best alternative that will be chosen according to performance sub-criteria. Table 29 

shows, the final value of criterion functions (Qi) by alternatives that are calculated by utilizing Eq.  

(15) in the physical feature sub-criteria using Table 19 as the decision matrix of the physical feature 

sub-criteria and using the weight in Table 20 that was calculated before by the CRITIC method. Figure 

9 shows that, also A2 is the one with the highest rank according to physical feature sub-criteria. Table 

30 shows, the final value of criterion functions (Qi) by alternatives according to timing sub-criteria. 

Figure 10 shows that, also A2 is the one with the highest rank according to timing sub-criteria. 

According to the previous results, the best UAV according to the proposed scenario is A2. 

 

Table 3. Decision matrix of Expert1 for the main criteria. 

Alternatives 
Main Criteria 

C1 C2 C3 
𝐀𝟏 VB MB B 
𝐀𝟐 VVG G VVG 
𝐀𝟑 M MG G 
𝐀𝟒 G VG MG 

 

Table 4. Decision matrix of Expert2 for the main criteria. 

Alternatives 
Main Criteria 

C1 C2 C3 
𝐀𝟏 MB B VB 
𝐀𝟐 EG VG VVG 
𝐀𝟑 MG G M 
𝐀𝟒 VG G MG 

 

Table 5. Decision matrix of Expert3 for the main criteria. 

Alternatives 
Main Criteria 

C1 C2 C3 
𝐀𝟏 B VB MB 
𝐀𝟐 G VVG VG 
𝐀𝟑 G M G 
𝐀𝟒 VG MG VG 

 

Table 6. Decision matrix of Expert4 for the main criteria. 

Alternatives 
Main Criteria 

C1 C2 C3 
𝐀𝟏 MB MB VB 
𝐀𝟐 EG VG VVG 
𝐀𝟑 M G MG 
𝐀𝟒 MG VG G 

 

Table 7. Crisp decision matrix of Expert1 for the main criteria.  

Alternatives 
Main Criteria in Level 1 

C1 C2 C3 

𝐀𝟏 0.1833333 0.3833333 0.2833333 

𝐀𝟐 0.9 0.716667 0.9 

𝐀𝟑 0.5 0.616667 0.716667 

𝐀𝟒 0.716667 0.816667 0.616667 
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Table 8. Crisp decision matrix of Expert2 for the main criteria.  

Alternatives 
Main Criteria in Level 1 

C1 C2 C3 

𝐀𝟏 0.3833333 0.2833333 0.616667 

𝐀𝟐 1 0.816667 0.9 

𝐀𝟑 0.616667 0.716667 0.5 

𝐀𝟒 0.816667 0.716667 0.616667 

 

Table 9. Crisp decision matrix of Expert3 for the main criteria.  

Alternatives 
Main Criteria in Level 1 

C1 C2 C3 

𝐀𝟏 0.2833333 0.61666667 0.383333333 

𝐀𝟐 0.716667 0.9 0.81666667 

𝐀𝟑 0.716667 0.5 0.71666667 

𝐀𝟒 0.816667 0.61666667 0.81666667 

 

Table 10. Crisp decision matrix of Expert4 for the main criteria.  

Alternatives 
Main Criteria in Level 1 

C1 C2 C3 

𝐀𝟏 0.3833333 0.3833333 0.616667 

𝐀𝟐 1 0.816667 0.9 

𝐀𝟑 0.5 0.716667 0.616667 

𝐀𝟒 0.616667 0.816667 0.716667 

 

Table 11. Aggregated matrix for the main criteria.  

Alternatives 
Main Criteria 

C1 C2 C3 

𝐀𝟏 0.30833333 0.41666667 0.475 

𝐀𝟐 0.90416667 0.8125 0.879167 

𝐀𝟑 0.58333333 0.6375 0.6375 

𝐀𝟒 0.74166667 0.74166667 0.691667 

 

Table 12. Normalized matrix for main criteria.  

Alternatives 
Main Criteria 

C1 C2 C3 

𝐀𝟏 0 0 0 

𝐀𝟐 1 1 1 

𝐀𝟑 0.46153846 0.55789473 0.402061524 

𝐀𝟒 0.72727273 0.82105264 0.536082857 

 

Table 13. The standard division of each main criterion. 

Alternatives 
Main Criteria 

𝐶1 𝐶2 𝐶3 
𝑨𝟏 0 0 0 
𝑨𝟐 1 1 1 
𝑨𝟑 0.46153846 0.55789473 0.402061524 
𝑨𝟒 0.72727273 0.82105264 0.536082857 

𝝈𝒋 =  √
(∑ 𝒙𝒊𝒋− 𝒙𝒋

−)^𝟐 𝒎
𝒊=𝟏

𝒎−𝟏
  0.42591852 0.43609109 0.412285252 
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Table 14. The linear correlation coefficient symmetric matrix. 

 
Main Criteria 

C1 C2 C3 

𝐂𝟏 1 0.9921657 0.97738703 

𝐂𝟐 0.9921657 1 0.94881659 

𝐂𝟑 0.97738703 0.94881659 1 

  

Table 15. The measure of the conflict. 

 

Main Criteria 𝐂𝐨𝐧

=  ∑(𝟏 −  𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 C1 C2 C3 

𝐂𝟏 0 0.0078343 0.02261297 0.0304473 

𝐂𝟐 0.0078343 0 0.05118341 0.0590177 

𝐂𝟑 0.02261297 0.05118341 0 0.0737964 

 

Table 16. The weight of the main criteria. 

Main 

criteria 

𝛔𝐣

=  √
(∑ 𝐱𝐢𝐣 −  𝐱𝐣

−)^𝟐 𝐦
𝐢=𝟏

𝐦 − 𝟏
 

𝐂𝐨𝐧

=  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐂𝐣

=  𝛔𝐣 ∗  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐰𝐣

=  
𝐂𝐣

∑ 𝐂𝐣
𝐦
𝐤=𝟏

 

Percentag

e weight 

𝐂𝟏 0.4259185 0.03044726 0.01296805 0.18758855 18.70% 

𝐂𝟐 0.4360911 0.0590177 0.02573709 0.372298287 37.20% 

𝐂𝟑 0.4122853 0.07379637 0.03042516 0.440113164 44.00% 

 

 

Figure 2. The weight of the main criteria by the CRITIC method. 

Table 17. Aggregated matrix for the performance sub-criteria. 

Alternatives 
Performance Sub-criteria 

C11 C12 C13 

𝐀𝟏 0.14166667 0.25833333 0.20833333 

𝐀𝟐 0.7875 0.95 0.74166667 

𝐀𝟑 0.44583333 0.52916667 0.3875 

𝐀𝟒 0.64166667 0.76666667 0.58333333 
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Table 18. The weight of the performance sub-criteria. 

Perfor

mance 

Sub-

criteria 

𝛔𝐣

=  √
(∑ 𝐱𝐢𝐣 −  𝐱𝐣

−)^𝟐 𝐦
𝐢=𝟏

𝐦 − 𝟏
 

𝐂𝐨𝐧

=  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐂𝐣

=  𝛔𝐣 ∗  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐰𝐣

=  
𝐂𝐣

∑ 𝐂𝐣
𝐦
𝐤=𝟏

 

Percentag

e weight 

𝐂𝟏𝟏 0.4324346 0.01504891 0.006508 0.441945 44.10% 

𝐂𝟏𝟐 0.4331873 0.0057793 0.002504 0.170018 17.00% 

𝐂𝟏𝟑 0.4350459 0.01313395 0.005714 0.388037 38.80% 

 

 

Figure 3. The weight of the performance sub-criteria by the CRITIC method.  

 

Table 19. Aggregated matrix for the physical feature sub-criteria. 

Alternatives 
The physical Feature Sub-criteria 

C21 C22 

A1 0.2583333 0.14583333 

A2 0.9041667 0.8125 

A3 0.6916667 0.58333333 

A4 0.7916667 0.70833333 

  

Table 20. The weight of the physical feature sub-criteria. 

Physical 

feature 

Sub-

criteria 

𝛔𝐣

=  √
(∑ 𝐱𝐢𝐣 −  𝐱𝐣

−)^𝟐 𝐦
𝐢=𝟏

𝐦 − 𝟏
 

𝐂𝐨𝐧

=  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐂𝐣

=  𝛔𝐣 ∗  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐰𝐣

=  
𝐂𝐣

∑ 𝐂𝐣
𝐦
𝐤=𝟏

 

Percentag

e weight 

𝐂𝟐𝟏 0.437296 0.0004492 0.000196 0.498614 49.80% 

𝐂𝟐𝟐 0.439726 0.0004492 0.000198 0.501386 50.10% 
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Figure 4. The weight of the physical feature sub-criteria by CRITIC method. 

 

Table 21. Aggregated matrix for the timing sub-criteria. 

Alternatives 
The Timing Sub-criteria 

C31 C32 

A1 0.3 0.2625 

A2 0.95 0.88333333 

A3 0.58333333 0.58333333 

A4 0.71666667 0.6625 

 

Table 22. The weight of timing sub-criteria. 

Physical 

feature 

Sub-

criteria in 

Level 2 

𝛔𝐣

=  √
(∑ 𝐱𝐢𝐣 −  𝐱𝐣

−)^𝟐 𝐦
𝐢=𝟏

𝐦 − 𝟏
 

𝐂𝐨𝐧

=  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐂𝐣

=  𝛔𝐣 ∗  ∑(𝟏 − 𝐫𝐣𝐤)

𝐦

𝐤=𝟏

 

𝐰𝐣

=  
𝐂𝐣

∑ 𝐂𝐣
𝐦
𝐤=𝟏

 

Percentag

e weight 

𝐂𝟑𝟏 0.41734 0.004582 0.001912 0.501905 50.19% 

𝐂𝟑𝟐 0.414172 0.004582 0.001898 0.498095 49.80% 

 

 

Figure 5. The weight of the timing sub-criteria by CRITIC method. 
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Table 23. The Final weight of the criteria. 

Criteria The Final weight 

𝐂𝟏𝟏 0.082904 
𝐂𝟏𝟐 0.031893 
𝐂𝟏𝟑 0.072791 
𝐂𝟐𝟏 0.185633 
𝐂𝟐𝟐 0.186665 
𝐂𝟑𝟏 0.220895 
𝐂𝟑𝟐 0.219218 

 

 

Figure 6. The rank of the final weight of the criteria. 

Table 24. The theoretical evaluation matrix in the main criteria 

 Main Criteria 

Weights 
0.18758855 0.372298287 0.440113164 

𝐏𝐀 0.25 
C1 C2 C3 

𝐓𝐩 0.04689714 0.093074572 0.110028291 

 

Table 25. The actual theoretical evaluation matrix 𝑇𝑟 in the main criteria. 

 Main Criteria 

 
Weights 

0.18758855 0.372298287 0.440113164 

Alternatives C1 C2 C3 
𝐀𝟏 0 0 0 
𝐀𝟐 0.046897138 0.093074572 0.110028291 
𝐀𝟑 0.021644832 0.051925813 0.044238142 
𝐀𝟒 0.034107009 0.076419123 0.058984281 

 

Table 26. The total gap matrix G in the main criteria. 

 Main Criteria 

 
Weights 

0.18758855 0.372298287 0.440113164 

Alternatives C1 C2 C3 
𝐀𝟏 0.046897138 0.093074572 0.110028291 
𝐀𝟐 0 0 0 
𝐀𝟑 0.025252305 0.041148758 0.065790149 
𝐀𝟒 0.012790128 0.016655449 0.05104401 
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Table 27. The final value of criterion functions (𝑄𝑖) according to the main criteria. 

Alternatives 𝐐𝐢 

𝐀𝟏 0.25 
𝐀𝟐 0 
𝐀𝟑 0.132191212 
𝐀𝟒 0.080489588 

 

 

Figure 7. The Rank of alternatives according to the main criteria. 

Table 28. The final value of criterion functions (𝑄𝑖) according to the performance sub-criteria 

Alternatives 𝐐𝐢 

𝐀𝟏 0.25 

𝐀𝟐 0 

𝐀𝟑 0.148732 

𝐀𝟒 0.042832 

 

 

Figure 8. The Rank of alternatives according to the performance sub-criteria. 

Table 29. The final value of criterion functions (𝑄𝑖) according to the physical feature sub-criteria 

Alternatives 𝐐𝐢 

𝐀𝟏 0.25 

𝐀𝟐 0 

𝐀𝟑 0.084102878 

𝐀𝟒 0.041299224 
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Figure 9. The Rank of alternatives according to the physical feature sub-criteria. 

 

Table 30. The final value of criterion functions (𝑄𝑖) according to the timing sub-criteria 

Alternatives 𝐐𝐢 

𝐀𝟏 0.25 

𝐀𝟐 0 

𝐀𝟑 0.130954026 

𝐀𝟒 0.089336438 

 

 

Figure 10. The Rank of alternatives according to the timing sub-criteria. 

 

4. Managerial implications 

Since the selection process is a complex and hard mission due to numerous and conflicting 

criteria that exist nowadays, so we need an efficient and effective MCDM technique. Therefore, in 

this research, we present a neutrosophic model to evaluate UAVs and choose the best among the 

alternatives, which are used in the operations of delivering and supplying medical supplies. The 

presented model can be a dominant guide for firms, organizations, and governments to make precise 

decisions about any medical, social, economic, and environmental problems. 

 

5. Conclusion and Future Work 

A new MCDM model was proposed to evaluate UAVs and choose the appropriate one among 

the set of UAVs for the process of delivering medical supplies to improve health care and contribute 

to saving patients. The experiment study results demonstrated that the proposed model is capable of 
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dealing with ambiguity in decision problems effectively. In addition, it takes into account the inter-

correlation between the criteria, whether positive or negative, and determines the priority of the 

criteria and weighting them effectively by applying the CRITICA method. Also, using the MARICA 

Method, allows for effective evaluation of alternatives, as it provides a symmetric framework and 

does not require complex mathematical calculations. According to our experimental study, the time 

and safety factors are the two criteria that are most preferred over the other criteria, and based on 

them, the best UAV was chosen by applying our model. 

In our future work, we will use the CRITIRIA method along with another approach to evaluate 

alternatives and make comparisons between them. 

 

Acknowledgments 

The author is grateful to the editorial and reviewers, as well as the correspondent author, who offered 

assistance in the form of advice, assessment, and checking during the study period. 

 

Author Contributions 

All authors contributed equally to this research. 

 

Data availability 

The datasets generated during and/or analyzed during the current study are not publicly available 

due to the privacy-preserving nature of the data but are available from the corresponding author 

upon reasonable request. 

 

Funding 

This research was not supported by any funding agency or institute. 

 

Conflict of interest 

The authors declare that there is no conflict of interest in the research.  

 

References 

1. Kelly, J. T., Campbell, K. L., Gong, E., & Scuffham, P. (2020). The Internet of Things: Impact and implications 

for health care delivery. Journal of medical Internet research, 22(11), e20135.  

2. Patella, S. M., Grazieschi, G., Gatta, V., Marcucci, E., & Carrese, S. (2020). The adoption of green vehicles in 

last mile logistics: A systematic review. Sustainability, 13(1), 6.  

3. Velusamy, P., Rajendran, S., Mahendran, R. K., Naseer, S., Shafiq, M., & Choi, J.-G. (2021). Unmanned Aerial 

Vehicles (UAV) in precision agriculture: Applications and challenges. Energies, 15(1), 217.  

4. Ocholla, I. A., Pellikka, P., Karanja, F. N., Vuorinne, I., Odipo, V., & Heiskanen, J. (2024). Livestock detection 

in African rangelands: Potential of high-resolution remote sensing data. Remote Sensing Applications: 

Society and Environment, 101139.  

5. Acharya, B. S., Bhandari, M., Bandini, F., Pizarro, A., Perks, M., Joshi, D. R., Wang, S., Dogwiler, T., Ray, R. 

L., & Kharel, G. (2021). Unmanned aerial vehicles in hydrology and water management: Applications, 

challenges, and perspectives. Water Resources Research, 57(11), e2021WR029925.  

6. Euchi, J. (2021). Do drones have a realistic place in a pandemic fight for delivering medical supplies in 

healthcare systems problems? In (Vol. 34, pp. 182-190): Elsevier. 

7. Bor-Yaliniz, R. I., El-Keyi, A., & Yanikomeroglu, H. (2016). Efficient 3-D placement of an aerial base station 

in next generation cellular networks. 2016 IEEE international conference on communications (ICC),  



Neutrosophic Systems with Applications, Vol. 18, 2024                                                 30 

An International Journal on Informatics, Decision Science, Intelligent Systems Applications 

 

Amira Salam, Mai Mohamed, Rui Yong, and Jun Ye, A Robust Decision-Making Model for Medical Supplies via Selecting 

Appropriate Unmanned Aerial Vehicle 

8. Fotouhi, A., Qiang, H., Ding, M., Hassan, M., Giordano, L. G., Garcia-Rodriguez, A., & Yuan, J. (2019). 

Survey on UAV cellular communications: Practical aspects, standardization advancements, regulation, and 

security challenges. IEEE Communications surveys & tutorials, 21(4), 3417-3442.  

9. San, K. T., Mun, S. J., Choe, Y. H., & Chang, Y. S. (2018). UAV delivery monitoring system. MATEC Web of 

Conferences. 

10. Sorbelli, F. B., Corò, F., Das, S. K., & Pinotti, C. M. (2020). Energy-constrained delivery of goods with drones 

under varying wind conditions. IEEE Transactions on Intelligent Transportation Systems, 22(9), 6048-6060.  

11. Lammers, D. T., Williams, J. M., Conner, J. R., Baird, E., Rokayak, O., McClellan, J. M., Bingham, J. R., 

Betzold, R., & Eckert, M. J. (2023). Airborne! UAV delivery of blood products and medical logistics for 

combat zones. Transfusion, 63, S96-S104.  

12. Walia, S. S., Somarathna, K., Hendricks, R., Jackson, A., & Nagarur, N. (2018). Optimizing the emergency 

delivery of medical supplies with unmanned aircraft vehicles. IIE Annual Conference. Proceedings,  

13. YILMAZ, B. Ö., TOZAN, H., & KARADAYI, M. A. (2020). Multi-criteria decision-making (MCDM) 

applications in the military healthcare field. Journal of Health Systems and Policies, 2(2), 149-181. 

14. Tas, P. G., Kavus, B. Y., Ayyildiz, E., & Taskin, A. (2022). UAV Selection for Post-Disaster Medical Supply 

Distribution Using a Two-Level Interval-Valued Pythagorean Fuzzy AHP Integrated Interval-Valued 

Pythagorean Fuzzy VIKOR Methodology, and an Application. In Multi-Criteria Decision Analysis (pp. 267-

279). CRC Press.  

15. Nur, F., Alrahahleh, A., Burch, R., Babski-Reeves, K., & Marufuzzaman, M. (2020). Last mile delivery drone 

selection and evaluation using the interval-valued inferential fuzzy TOPSIS. Journal of Computational 

Design and Engineering, 7(4), 397-411.  

16. Abdel-Basset, M., Gamal, A., Moustafa, N., Abdel-Monem, A., & El-Saber, N. (2021). A security-by-design 

decision-making model for risk management in autonomous vehicles. IEEE Access, 9, 107657-107679.  

17. Diakoulaki, D., Mavrotas, G., & Papayannakis, L. (1995). Determining objective weights in multiple criteria 

problems: The critic method. Computers & Operations Research, 22(7), 763-770.  

18. Pamučar, D., Vasin, L., & Lukovac, L. (2014). Selection of railway level crossings for investing in security 

equipment using hybrid DEMATEL-MARICA model. XVI international scientific-expert conference on 

railway, railcon,  

19. Banik, D., Ibne Hossain, N. U., Govindan, K., Nur, F., & Babski-Reeves, K. (2023). A decision support model 

for selecting unmanned aerial vehicle for medical supplies: Context of COVID-19 pandemic. The 

International Journal of Logistics Management, 34(2), 473-496.  

20. Pavithran, R., Lalith, V., Naveen, C., Sabari, S., Kumar, M. A., & Hariprasad, V. (2020). A prototype of Fixed 

Wing UAV for delivery of Medical Supplies. IOP Conference Series: Materials Science and Engineering,  

 

 

 

 

Received: 22 Dec 2023, Revised: 07 Apr 2024,  

Accepted: 08 May 2024, Available online: 15 May 2024. 

 

 
© 2024 by the authors. Submitted for possible open access publication under the terms and conditions 

of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

Disclaimer/Publisher’s Note: The perspectives, opinions, and data shared in all publications are the 

sole responsibility of the individual authors and contributors, and do not necessarily reflect the views 

of Sciences Force or the editorial team. Sciences Force and the editorial team disclaim any liability for 

potential harm to individuals or property resulting from the ideas, methods, instructions, or products 

referenced in the content. 


