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Abstract

Objectives: The development of Robotics Technology accomplished tremen-
dous advances in several sectors, including healthcare. To evaluate the per-
son's perception of robotics in the healthcare & to demonstrate the proposed
model’'s accuracy. Methods: An Interval Valued Plithogenic Intuitionistic Fuzzy
Set (IVPIFS) with Likelihood & Combined Compromise Solution (CoCoSo) rank-
ing method is combined to analyse the Multi-Attribute Decision Making (MADM)
Problem. Lingo Software is utilised to find the Relative Closeness Coefficient
Intervals among the alternatives. Findings: The incorporation of robotics in
medical science has provided new, novel opportunities that lead to significant
improvement in medical diagnosis, recuperation, surgeries and patient care.
The results showed the significance of the Integrated Algorithm in solving real-
world Decision-making problems. The result discusses the importance of using
advanced technologies in the medical field and evaluates the person’s opinion
regarding using these technologies in healthcare sector. Novelty: A Novel inte-
grated technique for MADM is created by incorporating IVPIFS with Likelihood
& CoCoSo ranking to analyse the person’s opinion in utilising advanced robotic
technologies in Medicine field.
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1 Introduction

To deal with uncertainties, ambiguity & unclear data in decision making process, it's necessary to use a reliable mathematical
technique. Zadeh introduced Fuzzy sets !, the extension of crisp sets in 1965, with membership Values ranging from 0 to 1. FS
are expanded to Intuitionistic Fuzzy Sets IFS?® by Atanassov to address non-membership degrees. Interval-valued intuitionistic
fuzzy sets were proposed by Atanassov in 2020. Merlin MM & Mystica AR, proposed an integrated approach of Interval
Valued Intuitionistic Fuzzy Sets(IVIFS) with the Likelihood concept for MADM. Smarandache invented Neutrosophic Fuzzy
Sets (NFS) as an extension of IFS. To meet the accuracies Florentin Smarandache introduced the concept of Plithogenic Sets
(PS), the main feature of PS is the incorporation of contradiction degree & degree of appurtenance among the attributes.
Plithogenic Hypersoft Sets(PHS) was invented by Florentine and its further extended to Combined Plithogenic Hypersoft
Sets® by Nivetha Martin &Florentine. Hema, Sudharani & Kavitha invented a novel plithogenic Interval-Valued Neutrosophic
hypersoft set for Decision Making®. Comparative Study of Plithogenic Neutrosophic PIPRECIA over neutrosophic AHP in
Logistic Selection was proposed by Sudha S & Martin N ®). Furthermore, Extended Plithogenic Sets in Plithogenic Sociogram ©
& Extended Plithogenic Hypersoft Sets (EPHS) were invented by Sathya P, Martin N and were applied in Electric Vehicle
Charging infrastructure Decision Making Problem ).

In real life, AT & Robotic Technologies play a vital role in various sectors. The significance of utilising robotics in healthcare
services is noteworthy. As the adoption of robotics & AI in Health Care grows, there are great expectations for increased
service efficiencies & Quality ®,®). But, patients may have different experience & expectations with these devices. This research
evaluated people’s views on the use of robots to provide health care services through MADM process. This study shows how
Interval Valued Plithogenic Intuitionistic fuzzy Sets (IVPIFS) with Likelihood & CoCoSo Ranking Method helps in evaluating
the individual perception regarding using robotics in the health care sector. The significance of this algorithm is its effectiveness,
as we are considering the contradiction degree among the attributes, along with a combined compromise solution method for
the alternatives.

2 Methodology
2.1 Preliminaries

2.1.1. Interval Valued Intuitionistic Fuzzy Sets (IVIFS)

Let R on £l be an IVIFS, defined as R={<r, [¢1(r).21(r)], [pa(r),Ba(r)] > r €tl}, where, [¢, (k) 7(K)] —
membership degree & [ﬁ (/{),@(Ii)] — non-membership degree %,

2.1.2. Operations on IVIFS

Let us consider two IVIFS, [T?l = ([ﬁ7@71] , [@2,@]) & TRQ = ([ﬁgﬁ] , [Q7@]> , then

B b ([|rrtoa—2¢1.01 pite 27,57 $2-92 %305
|R1®IR2 - ) S o 5 e
I=#1.01 1-%r.o PatOa—Po. 02" PatOr P2 T2
R, @R, = L1-91 $1.01 Pato2-29,.99 prte,—295.05 | ) (1)
L2 $1to1—p1.01 " P1to1 P10 | $2.03 P20

2.1.3. Plithogenic Set
Let {1 denotes universal set, 7 €4 &  is an element. P isa plithogenic set represented as (,4,,V,D ,,C,), where A, - attribute,

V - value of attributes, © ,-degree of Appurtenance, C,- contradiction degree (12),

2.1.4. Operations on Plithogenic Fuzzy Set (PFS)
PES Union: ¢ V,, 0 = (1—Cy).(¢ V 0)+Co.(¢ A 0)
PFS Intersection: ¢ A, o = (1—Cj).(¢ A 0)+Co.(p V o).

2.1.5. Operations on PIFS
Union: (9017()02) \/g) (0'150-2) :((pl vg) 01 902 /\p 02)
Intersection: (9017302> /\go (01702): ((,01 /\g; 01,2 \/g) 02>(14)'
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2.1.6. Operations on IVPIFS
IVPIFES Union:

(lew?] - [92.%2]) Vo ([on,71] s [o2,72] ) = ([e1 Vo 00,81 Vo 7] s [0200 02,721, 72] )

IVPIES Intersection:
(lev ] 2 @2]) A ([on71] s [o272]) = ([er Ao oA 71 92V 22,72V, 73] )

2.1.7. Likelihood Method

The Likelihood f, > g, is p (f, > g,) = { 107 j"tj izi

The Likelihood of f, > g, is o (f, > g,) = max{lfmax<%,0> ,0} , where f, = [f,,?,f;], 9, = 197,97
L(f,)=[f} —f, Jand L(g,) = [9/ —g,7]".

, fr & g, are real numbers.

2.1.8. CoCoSo Ranking Method
o Create a matrix with ‘u’ rows and ‘v’ columns to analyze and rank the Alternatives

Al Al .o Al
Aty [ €11 €12 - €1y
Aty | e e €

Decision Matrix: © =2 | 721 722 2v
At, Ley1 €us - €uo

o The value of decision matrix is normalized by the formula
_ maxe€,,~€uu
Nuv = mmawe iniel— .....(a)

wo IMINE,

« Consider 7, the weight of the attributes. Based on the weights the sum & product of Normalized Values are calculated
from the equation (b) & (c)
Sy =82 1 Tv Nuw (D)
Pu=30 (n,)" (0
 The significant Aspect of CoCoSo Ranking entails that it incorporates three strategies to analyze the alternatives. The three
strategies are,
_ P48, O _ 8 P, 0 A Sy t(1-X,). P,
Ql - E;n L(Pu+8,) (d> > QQ ~ min$, + minZ?, " (6), QS — A,omazS,+(1-X.).maxP, " (f)
o The final Quantity @ is obtained through
1/3
Q=(Q;.Qx.Q3)"> + 1/3(Q; + Q3 +Q3) ...(g)

+ The alternatives are ranked in descending order by Quantity Q 19,

17).

2.2 Integrated Algorithm of IVPIFS with Likelihood & CoCoSo Ranking Method:

Step 1: Categorize the decision making Problem with Alternatives, Attributes and their corresponding values.

Step 2: Construct the IVPIF Decision Matrix, employing the Linguistic Concepts and determine the contradiction degree
for the attributes via the expert's DM; & DM,,.

Step 3: Utilize the IVPIFS Intersection operators to combine the decision matrixes.

Step 4: Acquire the Experts Weight for the Alternatives, and determine the overall weight utilizing the IVIF operators.

Step 5: Compute and resolve the auxillary LPP to get the relative Closeness Coeflicient intervals for the Alternatives

Iyl <z, <O9y¥ (s=1,2,3...,n)

u n u 1 ’

(Dr - ma.l?{zs:l [xsgors +ys(1 Ors)]}’ st 25:1 (‘/Es +ys) -1 (1)

$>0

Iyl <z, <Oy¥ (s=1,2,3...,n)

; n Ipl <y, <Ip¥ (s=1,2,3...,n)
CL =min z.oh 4y (1—o2 )]}, s.t s s Sn e 2
= min(S0 b+, 0= T ®

9>0
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Step 6: Compute the likelihood of €,. > € of alternatives ¢,.,¢ ; by applying,

cu—cL
ple,>¢e,) =p(C.=C,)=max{l—max (M’O) ,0}

Where, C, = [C],C¥]; C, =[CL,C¥]; £(C,) =C¥—CL; £(C,)=C¥—C!
Step 7: Determine the pairwise comparison of alternatives (i.e. Likelihood Matrix)

2, 29 e 2y
21 [ 211 P12 R1v
o= (ﬂrs)uxv — ~2 73:21 71:22 7?:21;
Zu Lru 7z Ry

Step 8: Apply the CoCoSo Ranking Method to rank the Alternatives, based on the descending Order of Quantity Q .

2.3 Numerical lllustration

The recent development of robotics in medicine field has led to automated, reliable services for patients. Robots have gained
greater autonomy & can perform fundamental tasks independently. To analyze the opinions on implementing robotics in the
medical sector, among individuals is employed as an MADM problem, to ensure the validation of the proposed algorithm. The
alternatives of the decision-making problem are

All - Trust and confidence in New Technology,

AlQ- Increased Precision & perceived ease to use,

Al 5- Concern about Safety & Doctor Patient Relationship,

Al 4- Fear of Job Displacements,

and the attributes are the age groups, with values At,- 18 —24; At,- 25 — 35;At;- 36 — 50; At,- Above 50.

The dissimilarity degree of the attributes with the predominant attribute value At; is defined as C (Atl , Atl) =
0,6 (Aty, Aty) = ,¢(Aty,Aty) =2, € (Aty,Aty) =1,

The IVPIF decision matrix is constructed through the Linguistic terms from the experts DM; and DM,. The attribute
weights were obtained from the decision makers.

Table 1. IVPIF Decision matrix utilizing Linguistic Terms and the contradiction degree given by the Experts

. DM, DM,
Alternatives L.
ContradlctloAllDegree il i il Al i Al Al
Attributes 1 2 3 4 ! 2 3 4
Atl 0 ([0.68,0.78], ([0.68,0.78], ([0.30,0.45], ([0.20,0.30], ([0.68.0.78], ([0.55,0.65], ([0.45,0.55], ([0.30,0.45],
[0.55,0.65]) [0.10,0.22]) [0.25,0.30]) [0.30,0.45]) [0.45,0.50])
[0.10,0.22]) [0.10,0.22]) [0.45,0.50])
AtQ 1/3 ([0.55,0.65], ([0.68,0.78], ([0.45,0.55], ([0.30,0.45], ([0.55,0.65], ([0.55,0.65], ([0.45,0.55], ([0.30,0.45],
[0.25,0.30]) [0.10,0.22]) [0.30,0.45]) [0.45,0.50]) [0.25,0.30]) [0.25,0.30]) [0.30,0.45]) [0.45,0.50])
Aty 2/3 ([0.45,0.55], ([0.55,0.65], ([0.55,0.65], ([0.55,0.65], ([0.55,0.65], ([0.55,0.65], ([0.55,0.65], ([0.68,0.78],
[0.30,0.45]) [0.25,0.30]) [0.25,0.30]) [0.25,0.30]) [0.25,0.30]) [0.25,0.30]) [0.25,0.30])
[0.10,0.22])
At4 1 ([0.20,0.30], ([0.55,0.65], ([0.68,0.78], ([0.55,0.65], ([0.45,0.55], ([0.20,0.30], ([0.55,0.65], ([0.68,0.78],
[0.55,0.65]) [0.25,0.30]) [0.25,0.30]) [0.30,0.45]) [0.55,0.65]) [0.25,0.30])
[0.10,0.22]) [0.10,0.22])

Derived Relative Closeness Coeflicient Intervals of Alternatives from step 5

C! =0.52054

Cl = 0.544479

CY =0.649297

CY = 0.675032
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556


https://www.indjst.org/

Vaishali & Mary Mejrullo Merlin / Indian Journal of Science and Technology 2026;19(8):553-559

Table 2. Acquiring the experts weight for attributes and calculating the total weight through the IVIF operator

Attributes 18-24 25-35 36-50 Above 50
DM, ([0.65,0.72], ([0.72,0.82], ([0.56,0.75], ([0.45,0.55],
[0.22,0.27]) [0.10,0.18]) [0.15,0.25]) [0.35,0.40])
DM, ([0.72,0.82], ([0.72,0.82], ([0.65,0.72], ([0.56,0.75],
[0.10,0.18]) [0.10,0.18]) [0.22,0.27]) [0.15,0.25])
Total Weight ([0.82,0.88], ([0.84,0.9], ([0.76,0.835], ([0.68,0.81],
[0.074,0.12]) [0.053,0.1]) [0.034,0.07]) [0.055,0.11])
Table 3. IVPIF Aggregation Results with weighted decision matrix
. Alternatives L DMy Ap DMy
Weight Contradiction Degree . . .
Attributes Al Al Al Aly
([0.82,0.88], 18-24 0 ([0.462,0.61], ([0.37,0.53], ([0.135,0.25], ([0.06,0.135],
[0.074,0.12]) [0.19,0.392]) [0.325,0.45]) [0.615,0.73]) [0.75,0.825])
([0.84,0.9], 25-35 1/3 ([0.47,0.57], ([0.535,0.65], ([0.37,0.47), ([0.34,0.415],
[0.053,0.1]) [0.31,0.37]) [0.30,0.33]) [0.37,0.53]) [0.45,0.55])
([0.76,0.835], 36-50 2/3 ([0.584,0.68], ([0.63,0.725], ([0.63,0.725], ([0.694,0.78],
[0.034,0.07]) [0.345,0.45]) [0.187,0.23]) [0.187,0.23]) [0.13,0.19])
([0.68,0.81], Above 1 ([0.56,0.68], ([0.64,0.755], ([0.856,0.92], ([0.86,0.92],
[0.055,0.11]) 50 [0.165,0.29]) [0.14,0.195]) [0.025,0.066]) [0.025,0.066])
CL =0473145  CL =0.603048
C, =0.457135 Cl, = 0.539903
Obtained pairwise comparison of alternatives (i.e) Likelihood Matrix from step 6 & 7
Al, Al, Al; Al
AlyTos5 09 1 1
ALl 1 05 11
PR, 082 072 05 1
Al4 0.48 0.366 0.7 0.51, |
Applying the CoCoSo Ranking Method to rank the alternatives
0 08 1 1
The Normalized Decision Matrix N = 1 0 11
064 044 0 1
034 0 1 04l
Weight 7,, = [0.751, 0.792, 0.753, 0.66] obtained by utilising the IVIF Score Function
2.10 2.17
. 2.38 2.39
The Sum & Product of normalised values are §,, = 157 P, = 1.73
1.15 1.44
4x1 4x1
https://www.indjst.org/ 557
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0.29 3.34 0.895

- 0.32 3.73 1
Quantities Q; = 0.92 » Qo= 2.56 » Q= 0.691

0.17 ax1 2 4x1 0.54 4x1

2.46

2.74

“Qu =963

1.22
4x1

3 Results and Discussion

By utilising the proposed framework, it is significantly proven that Q;, Q5, Q3 & Q,,, The rank has a parametric order.
According to these quantities, the alternatives are ranked as

Al, > Al, > Al > Al

The incorporation of Likelihood with IVPIFS, significantly enhances the decision outcomes by considering the Relative
Closeness Coeflicient of alternatives, and while integrated with CoCoSo ranking, this method produces a combined
compromise-based ranking. In comparison to the conventional IVIFS utilising likelihood & optimal ranking method %, it
is evident that our proposed integrated algorithm of IVPIFS with likelihood and CoCoSo ranking method gives a finer solution
for real-life decision-making problems as it combines all the attributes and their values to get the ranking of alternatives. The
results indicate that the person’s perception towards utilising robotics in health care is predominantly driven by the increased
precision and ease of use of robotics systems. This signifies that users’ willingness to utilise robotic technology in the medical
sector increases if they perceive it to be reliable, accurate and user-friendly.

4 Conclusion

This study framed a new algorithm by combining the Interval Valued Plithogenic Intuitionistic Fuzzy Sets with the likelihood
& CoCoSo ranking method. By integrating Interval Valued Numbers, Plithogenic Attributes and likelihood measures with
CoCoSo ranking, the integrated approach encompasses a wider range of ambiguity, contradiction and attribute interaction
than the conventional IVIFS with likelihood & optimal ranking method. The proposed method is highly suitable for assessing
an individual’s perception of adopting the robotic technology in health care due to the vague nature of Human’s opinion. People’s
opinion on utilising robotics in medicine field is ranked as- Increased Precision & perceived ease to use, Trust and confidence
in New Technology, Concern about Safety and Doctor Patient Relationship & fear of job displacements. This demonstrates the
versatility and adaptability of the proposed IVPIF framework in Health Care decision-making environment. Moreover, Future
research can extend this model using Extended Plithogenic Sets for dynamic decision-making scenarios.
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