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Abstract:

Introduction/purpose: Selecting an appropriate wheelchair is vital for
ensuring mobility, comfort, and independence for individuals with
disabilities. The primary objective is to assist in identifying the optimal
wheelchair by considering a range of user-centric criteria and mitigating
decision-making ambiguities.

Methods: The proposed framework leverages intuitionistic fuzzy sets to
account for the hesitancy and imprecision often present in decision making.
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Criteria weights and alternative evaluations were determined with expert
input. Sensitivity analysis was conducted to ensure the robustness and
reliability of the ranking process. A case study was performed to validate
the effectiveness of the methodology and to illustrate its practical
application.

Results: The study demonstrated that Al-powered wheelchairs (APWSs)
outperformed other wheelchair options based on the selected criteria and
Sub-criteria.

Conclusion: The findings highlight the utility of the intuitionistic fuzzy
TOPSIS approach in facilitating well-informed wheelchair selection
decisions. This method benefits end users, caregivers, and medical
professionals by addressing the complexities of subjective and uncertain
decision making, ultimately leading to more inclusive and reliable
outcomes. The framework proves to be an effective tool for improving the
decision-making process in wheelchair selection.

Keywords: wheelchair selection, intuitionistic fuzzy, triangular fuzzy,
TOPSIS, sensitivity analysis.

Introduction

Wheelchair selection is a pivotal decision for stakeholders, including
users, caregivers, healthcare professionals, and manufacturers, as it
profoundly influences the user’s quality of life. A wheelchair is not merely
a mobility device but a critical enabler of independence, comfort, and
inclusion. Choosing the right wheelchair ensures users can move freely
and participate actively in social, professional, and personal activities,
thereby fostering autonomy and reducing dependence on others. Griggs
(2024) emphasizes that when choosing a wheelchair, the user's comfort
and health are among the most important factors. An ill-fitting wheelchair
can lead to physical discomfort, pressure sores, and long-term
musculoskeletal issues. Properly designed and selected wheelchairs
promote optimal posture, reduce the risk of secondary health
complications, and enhance overall well-being. For individuals with
specific medical conditions or disabilities, the wheelchair must meet
unique ergonomic and functional requirements to support their physical
needs effectively by Kargi et al. (2023).

Rotsched! et al. (2024) highlight that economic factors significantly
influence the decision-making process. Wheelchairs come in various
designs and price ranges, and selecting an appropriate model ensures
cost-effectiveness. Stakeholders must balance the user's specific
requirements with budgetary constraints to maximize utility and longevity
while avoiding overspending on unnecessary features. Furthermore, a
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suitable wheelchair contributes to accessibility and inclusivity by enabling
users to navigate diverse environments seamlessly. Sahoo and
Choudhury (2024) suggest that incorporating advanced features such as
adjustable seats, lightweight frames, and smart technology can greatly
enhance the user experience. For stakeholders, a thoughtful selection
process is not just about mobility but about empowering users to lead
fulfilling, independent lives while ensuring physical and emotional well-
being.

Selecting an ideal wheelchair—manual (MW), electric (EW), or Al-
powered (APW)—requires evaluating diverse criteria to address user-
specific needs and circumstances. Manual wheelchairs suit those with
sufficient upper body strength, while electric and Al-powered models cater
for individuals needing greater assistance or advanced features like
automated navigation. Factors such as cost, maintenance, terrain
compatibility, and comfort are critical for ensuring usability and long-term
satisfaction. Verma et al. (2024) explain that by evaluating these factors,
stakeholders can align the wheelchair features with the user’s physical
condition, environment, and lifestyle, thereby improving mobility and
independence. Wheelchair selection is widely recognized as a multi-
criteria decision-making challenge. Recent research emphasizes the
effectiveness of MCDM methods, particularly intuitionistic fuzzy
techniques, in addressing uncertainties inherent in the decision-making
process.

Most past studies on wheelchair selection used classical fuzzy
numbers, such as fuzzy AHP. However, Sahoo and Choudhury (2021)
argue that intuitionistic fuzzy numbers can provide better results.
Introduced by Atanassov and Atanassov (1999), the intuitionistic fuzzy set
(IFS) theory extends classical fuzzy sets, providing greater flexibility for
handling imprecise situations. Imran et al. (2024) and Sarfraz (2024) have
extensively used IFS to provide more reliable solutions when making
decisions in challenging situations. Considering the issues discussed and
insights from the reviewed literature, limited studies have integrated
MCDM with IFS for wheelchair selection. For an actual-world wheelchair
selection scenario, this study suggests an MCDM framework based on the
intuitionistic fuzzy TOPSIS approach. TOPSIS assesses both positive-
ideal and negative-ideal solutions and is renowned for its transparency and
ease of use. Combining TOPSIS with IFS enhances decision making by
addressing uncertainty and vagueness effectively, providing a robust and
user-centric approach to wheelchair selection.

This paper is organized as follows. A thorough assessment of
literature is provided first, followed by a description of the conceptual
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foundation of the suggested approach and the research methodology. The
case study, implementation, comparison with triangular fuzzy TOPSIS,
and sensitivity assessment of the suggested intuitionistic fuzzy TOPSIS
approach are then discussed with research findings, implications, and
managerial insights. Finally, the study is concluded with a conclusion and
suggestions for future research directions.

Literature review

Wheelchair selection criteria and sub-criteria

For people with mobility problems, choosing an appropriate
wheelchair is crucial. Zhang et al. (2024) emphasize in their study the
importance of evaluating wheelchairs using multiple criteria due to
significant differences in their features, designs, and capacities. By taking
into account a number of variables that impact user experience, comfort,
and general functionality, an MCDM approach offers an organized method
for evaluating alternative wheelchair solutions. This approach enables
users and healthcare professionals to make well-informed decisions based
on specific needs and preferences. Below is a detailed explanation of the
key criteria and sub-criteria to consider when selecting a wheelchair:

e User’s physical condition (C-1)

Fasipe et al. (2024) assess this criterion based on the user's physical
health, limitations, and needs. Different users have varying levels of
strength, mobility, and coordination. The wheelchair must cater for the
user’s specific condition (e.g., paralysis, arthritis, or general weakness),
ensuring that it provides the necessary support and ease of movement. It
encompasses various factors such as strength and endurance (SC-1)
which refers to the user's physical ability to propel or control the wheelchair
over extended periods. By ensuring that the wheelchair offers appropriate
alignment and comfort, posture support (SC-2) lowers the possibility of
strain or pain. To guarantee that the wheelchair can securely carry the
user's weight without sacrificing functionality or safety, weight capacity
(SC-3) is crucial. For users with restricted mobility, range of motion (SC-4)
is crucial because it guarantees that the wheelchair can adapt to their
motions and make the required modifications to enhance comfort and
usability. When combined, these sub-criteria guarantee that the
wheelchair is customized to meet the individual physical requirements of
the user.
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e Comfort (C-2)

Mohebbi et al. (2024) highlight that comfort plays a vital role in
influencing long-term wheelchair use. It includes various factors such as
seat cushioning (SC-5) which plays a vital role in reducing pressure points
and preventing discomfort or sores, ensuring a more comfortable sitting
experience. Back support (SC-6) is equally important, providing the
necessary lumbar or full-back support to maintain proper posture and
alleviate back pain during extended use. Adjustability (SC-7) allows the
user to customize the wheelchair to their specific needs, such as adjusting
the seat depth or backrest angle for enhanced comfort. Ergonomics (SC-
8) focuses on the overall design of the wheelchair, ensuring that it
conforms to the user’s body to reduce strain and improve ease of use.

e Ease of use (C-3)

The term "ease of use" describes how easy and straightforward it is
for the user to operate the wheelchair, as by Kulich et al. (2024). It
encompasses various factors such as maneuverability (SC-9) which
focuses on how easily the wheelchair can be controlled and moved,
especially in tight or crowded spaces. A wheelchair with an easy-to-use
control interface simplicity (SC-10) ensures that users can quickly master
the controls, whether they are manual or powered, without extensive
training. Caregiver involvement (SC-11) highlights how accessible and
manageable the wheelchair is for caregivers who assist the user, making
tasks like pushing or adjusting settings easier. Last but not least, a low
user learning curve (SC-12) guarantees that new users can quickly
become accustomed to the wheelchair's functionality, reducing frustration
and promoting independence.

e Control interface (C-4)

The control interface refers to the system that allows the user to
operate the wheelchair, according to Kocejko et al. (2024). It encompasses
various controls such as joystick control (SC-13), which is one of the most
common options, providing intuitive, precise movement control for users,
especially in powered wheelchairs. Voice or gesture control (SC-14)
represents advanced technology, allowing users to control the wheelchair
with spoken commands or hand movements, enhancing accessibility for
individuals with limited dexterity. Manual control options (SC-15) ensure
that users who prefer or need manual operation have simple, effective
mechanisms to propel or steer the wheelchair. Lastly, a caregiver assist
mode (SC-16) allows caregivers to control the wheelchair remotely,
providing extra support when necessary.
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e Customization (C-5)

Nace et al. (2023) define customization as the ability to adjust the
wheelchair to meet the user's specific needs or preferences. It
encompasses various elements such as adjustable footrests (SC-17)
which enable users to modify the position of the footrests for optimal
comfort and posture, reducing pressure on the legs and feet. Adjustable
armrests (SC-18) provide flexibility in supporting the arms, ensuring
comfort for users of varying heights and arm lengths. The seat size and
configuration (SC-19) is another key factor, as it ensures the wheelchair
fits the user’s body dimensions, promoting comfort and preventing issues
like pressure sores. Finally, accessory options (SC-20), such as cushions,
trays, or cup holders, offer additional customization to enhance
functionality and comfort, allowing users to adapt the wheelchair to their
lifestyle.

e Mobility & maneuverability (C-6)

Mobility and maneuverability focus on the wheelchair’'s ability to
navigate various environments, see de Vries et al. (2023). It encompasses
various factors such as turning radius (SC-21) which refers to the
wheelchair's ability to navigate tight spaces, which is especially important
for users in confined areas like hallways or small rooms. Indoor and
outdoor usability (SC-22) ensures that the wheelchair can function
effectively in both settings, providing the necessary adaptability to various
environments. Terrain compatibility (SC-23) is important for users who
need to navigate different surfaces such as grass, gravel, or rough
pavement. Finally, stability on uneven surfaces (SC-24) ensures that the
wheelchair remains steady and safe, even on terrains like slopes or bumpy
sidewalks. Together, these factors ensure that the wheelchair offers
reliable and smooth mobility in a variety of settings.

e Battery life/power supply (C-7)

Nagde and Dhobe (2021) emphasize that battery life and power
supply are crucial for powered wheelchairs to ensure continuous use
throughout the day. It encompasses various factors such as battery
capacity (SC-25) which refers to the total energy stored in the battery,
which influences how long the wheelchair can operate before needing a
recharge. Charging time (SC-26) measures how long it takes to fully
charge the battery, with faster charging times enhancing convenience for
users who require quick turnarounds. Wheelchair users who must travel
long distances should be aware of the range per charge (SC-27), which
shows how far the wheelchair can go on a single charge. Lastly, power
durability (SC-28) assesses the battery’s long-term performance and
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ability to retain charge over time, ensuring reliable use without frequent
battery replacements. Together, these factors ensure that the wheelchair
provides sufficient power for daily activities and extended use.

e Durability (C-8)

Kim et al. (2024) describe durability as the wheelchair's ability to
endure extended use and environmental conditions without failing. A
durable wheelchair is made from high-quality materials that resist wear
and tear, offering a long lifespan even under frequent use. Durability is
especially important for users who rely on their wheelchair daily and in a
variety of environments. It encompasses various factors such as frame
strength (SC-29) which is essential for supporting the user’s weight and
providing structural integrity, preventing damage under stress. Wheel
durability (SC-30) is equally important, as it ensures the wheels can handle
regular use on various surfaces without wearing down prematurely. Long-
term reliability (SC-31) refers to the wheelchair's ability to perform
consistently over time, with minimum maintenance or repairs needed.
Finally, resistance to wear and tear (SC-32) ensures that materials and
components resist degradation from daily use, maintaining the
wheelchair’s function and appearance for an extended period. Together,
these factors provide a reliable and long-lasting wheelchair solution.

e Cost(C-9)

Cost is a critical factor for most individuals and organizations when
selecting a wheelchair, as by Rivas et al. (2024). It encompasses various
factors such as initial purchase cost (SC-33) which refers to the upfront
price of the wheelchair, which can vary depending on its features and
functionality. Maintenance expenses (SC-34) involve the ongoing costs
associated with repairs, part replacements, and servicing to keep the
wheelchair in optimal condition. Insurance coverage (SC-35) plays a role
in reducing out-of-pocket costs by covering a portion of the wheelchair's
purchase or maintenance. Lastly, warranty (SC-36) provides peace of
mind by ensuring that the wheelchair is protected against defects or
malfunctions for a certain period, reducing potential unexpected costs.
Together, these factors help balance affordability with quality and long-
term investment.

o Safety features (C-10)

Sahoo and Choudhury (2024) stress that safety features are vital for
preventing accidents and ensuring the user's well-being. They argue that
a wheelchair must offer a safe riding experience, particularly when
navigating ramps or slopes. It encompasses various factors such as an
anti-tip mechanism (SC-37), which helps prevent the wheelchair from
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tipping over, especially when navigating slopes or uneven surfaces. Seat
belts and harnesses (SC-38) provide additional support and security for
users, reducing the risk of falls or injury during movement. Braking systems
(SC-39) are vital for controlling the wheelchair's movement, ensuring it
remains stationary when needed, and preventing unintentional rolling.
Lastly, collision detection (SC-40) technology can alert the user to
obstacles or prevent collisions by automatically stopping or adjusting the
wheelchair's movement. These safety features collectively enhance
stability and minimize the risk of accidents during daily use.

e Technology integration (C-11)

Zhang et al. (2024) highlight that modern wheelchairs integrate
advanced technology such as automated braking, tilt and recline
mechanisms, GPS tracking, and mobile device connectivity for remote
control. It encompasses various factors such as GPS navigation (SC-41),
which allows users to navigate unfamiliar environments with ease,
providing directions and real-time location tracking for greater
independence. Sensor integration (SC-42) includes features like proximity
sensors or obstacle detection, improving safety by alerting users to
potential hazards or automatically adjusting the wheelchair's movement.
Software updates (SC-43) ensure that the wheelchair's system remains
up-to-date with new features, performance improvements, and bug fixes.
Lastly, smartphone compatibility (SC-44) enables users to control or
monitor their wheelchair via a mobile app, offering added convenience and
customization options. These technological advancements make the
wheelchair more adaptive, responsive, and efficient in meeting the user's
needs.

Each of these criteria and sub-criteria plays a vital role in ensuring the
selected wheelchair meets the user’s needs, providing a comprehensive
solution for mobility, comfort, safety, and independence. A more informed
and efficient decision process might result from consumers prioritizing
these aspects according to their own needs and preferences by employing
an MCDM strategy.

Wheelchair selection methods

A variety of models have been created to identify the ideal wheelchair,
each incorporating diverse methodologies. Since wheelchair selection
necessitates balancing several conflicting objectives and criteria under
unknown circumstances, MCDM techniques are frequently employed.

Mao et al. (2024) highlighted that most wheelchair selection models
have integrated fuzzy concepts into traditional MCDM methods due to the
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capability of fuzzy-based approaches to manage uncertainty and
imprecision in human judgment. Unni et al. (2024) point out that, while
extensive research has integrated the traditional fuzzy set theory (FST)
with various MCDM methods, less attention has been given to intuitionistic
fuzzy sets (IFSs). Kousar and Kausar (2025) and Dagistanli (2024) explain
that, unlike traditional fuzzy sets, an IFS enhances the concept of fuzzy
sets and is better suited for practical applications. An IFS is more flexible
in complex decision-making situations since it is defined by a membership
function, a non-membership function, and a hesitation degree (hesitation
margin).

Saqglain and Saeed (2024) argue that, unlike traditional fuzzy sets,
which rely solely on a membership function, IFSs offer a more precise
representation of the fuzzy nature of data. The hesitation degree in IFSs
effectively manages ambiguity and uncertainty regarding membership and
non-participation in a set. Decision -makers (DMs) especially benefit from
this hesitation characteristic. The fuzzy set theory has been effectively
applied to wheelchair selection in a number of research studies. An
overview of the strategies and tactics used in wheelchair selection is given
in Table 1, with an emphasis on user-centered and sustainable criteria.

Our study differentiates itself from prior research studies in several
key aspects:

i. To our knowledge, the application of IFS-TOPSIS in wheelchair
selection remains  underexplored, with limited real-world
implementations. Gorglin et al. (2024) and Sampathkumar (2024) have
combined MCDM with IFSs to select assistive devices in their studies;
these approaches tend to rely on empirical data rather than on real-
world case studies. This paper presents a case study focused on
wheelchair selection for individuals with mobility challenges.

ii. The criteria and sub-criteria were carefully chosen through an extensive
review of the literature and then further validated with input from
decision-makers. This process ensures a more practical and precise
approach by bridging theoretical and real-world perspectives.

ii. Onatheoretical level, by adding a component-wise matrix multiplication
operator to aggregate the weights of the criterion and sub-criteria, the
suggested approach improves upon the IFS-TOPSIS architecture. The
idea improves the precision and dependability of the decision-making
process when choosing the best wheelchair.
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Research design

The methodology framework

The framework designed for selecting wheelchairs using the
intuitionistic fuzzy TOPSIS method is presented in Figure 1.

assessment

Expert’s viewpoint Establish the assessment criteria Literature
and sub-criteria for wheelchairs review

Applying intuitionistic fuzzy numbers to
the weighting of the chosen criteria and

sub-criteria
l Construct an aggregate

I Find appropriate wheelchairs for I

Estimate the weight of experts

intuitionistic fuzzy decision matrix

using the viewpoints of experts
/Implementing intuitionistic fuzzy TOPSIA §

to assess the alternatives

Comparative analysis with Fuzzy
Create aggregate weighted intuitionistic

TOPSIS method
fuzzy decision matrix l
Calculate negative and positive ideal
solutions and separation measure Sensitivity Analysis

Rank the preference order for wheelchair
alternative

Figure 1 - Proposed wheelchair selection framework

The proposed wheelchair selection framework involves identifying
suitable wheelchairs, gathering expert opinions, establishing criteria, and
applying intuitionistic fuzzy TOPSIS for evaluation, with a comparison to
fuzzy TOPSIS. A comparative analysis and sensitivity analysis ensure the
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robustness and reliability of rankings, making the framework effective for
informed wheelchair selection decisions with the following steps:

Step 1 focuses on compiling different types of wheelchair models for
evaluation.

Step 2 emphasizes defining the selection criteria and their associated
sub-criteria. These are categorized under three main dimensions:
performance, usability, and cost. The criteria were determined through an
extensive literature review and validated by experts in assistive technology
using the Nominal Group Technique (NGT). NGT ensures that the
selection process is inclusive and unbiased by encouraging equal
participation from all group members, thus eliminating dominant opinions
and fostering a balanced evaluation.

Step 3 involves assigning weights to the criteria and sub-criteria. To
accommodate for ambiguities and subjective variances, decision-makers
(DMs) express their opinions using intuitionistic fuzzy numbers. These
weights are essential for the evaluation stage and show how important
each criterion is in relation to the others.

Step 4 entails evaluating the shortlisted wheelchairs using the
intuitionistic fuzzy-TOPSIS method. After generating a weighted decision
matrix, the best solutions and separation metrics are determined in order
to rank and compare the options with fuzzy TOPSIS method. This
guarantees a thorough and impartial selection procedure.

This framework offers a systematic and reliable approach to
wheelchair selection, integrating expert input and robust decision-making
tools.

Intuitionistic fuzzy sets

In order to overcome difficulties in human decision making, Zadeh
(1978) created the idea of the fuzzy set theory. Subsequently, Atanassov
and Atanassov (1999) created intuitionistic fuzzy sets (IFSs) which are
used extensively in domains such as evaluation functions, preference
relations, medical diagnosis, logic programming, and decision making. An
overview of IFSs is given in this section.

An IFS can be defined by considering W as an IFS within a finite set
D. The definition of an IFS W is expressed in Eq. (1):

W ={d, u,,(d),9,(d)|d € D} (1)
where pu,,(d):D - [0,1] is a membership function and 9,,(d):D -
[0,1] is a non-membership function, in which 0 < p,,,(d) + 9,,(d) < 1.
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An IFS includes a third parameter called the hesitation degree. Let
m,,(d) represent the hesitation degree regarding whether d belongs to W
or not. The hesitation degree m,,(d) is expressed in Eq. (2):

Ty (d) =1- ﬂw(d) =Yy (d) (2)
where foreveryd € D: 0 < m,,(d) < 1.

When W(d) has a low value, there is greater confidence in the
information about d. Conversely, a high value of W(d) indicates greater
uncertainty regarding d. The multiplication operator for IFSs, as shown in
Eq. (3), applies to two IFSs, W and X, within the set D.

W X X = {pty,(d). px (d), 9y (@) + Iy (d) — I (d). I (d)|d € D} 3)

Element-wise matrix multiplication is determined as shown in Eq. (4)
and it applies to two IFSs, W and X, within the set D.

W x X = |[min{u,, (d), ux (d)}], [max{dy, (d), 9, ()}]] (4)

Intuitionistic fuzzy TOPSIS

The TOPSIS method is a commonly used methodology that was first
presented by Hwang and Yoon in 1981. An alternative that is closest to
the positive-ideal solution is considered the best option by Shih et al.
(2022). TOPSIS is preferred over AHP and PROMETHEE for its
computational efficiency and straightforward ranking based on proximity to
ideal solutions. Unlike AHP, which requires pairwise comparisons, and
PROMETHEE, which involves preference functions, TOPSIS efficiently
handles multiple criteria without extensive complexity.

Fuzzy numbers are frequently used in practical applications to handle
the subjective judgments and inherent uncertainties in practical
applications decision making. A more complex framework is offered by
intuitionistic fuzzy sets (IFSs) which better capture decision-makers'
acceptance, rejection, and hesitation levels, as by Naveed and Ali (2025).
As suggested by Rouyendegh (2015), this section describes an
intuitionistic fuzzy TOPSIS model for assessing options based on a variety
of criteria. In this study, intuitionistic fuzzy TOPSIS (IF-TOPSIS) enhances
traditional TOPSIS by incorporating IFNs, capturing acceptance, rejection,
and hesitation levels. This improves expert judgment representation,
making the approach more robust for complex decision-making
environments.

Let the set of wheelchair alternatives be Wa={Wa1,Waz,...,.Wan}, the
set of criteria Wc={Wci,Wco,...,.Wcn}, and the set of experts
E={E+,E>,...,Ei}. The ranking process follows a structured seven-step
algorithm:
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Step 1: Estimate the relative importance weights of the experts.

A group of E experts assigns relevance using linguistic terms
represented as intuitionistic fuzzy numerals. Let the intuitionistic fuzzy
number for the niy, expert be denoted as Ex = [n, Va, Tn], Where pn, va, and
T, represent membership, non-membership, and hesitation degrees,
respectively. The weight of the ny expert can then be determined using

Eq. (5).
Hn
“n+nn(un+19n)
An - E Hn (5)
T PR
where YE_ 4, = 1.
Step 2: Evaluate the criterion's weight based on the opinions of

experts.

Eq. (6) is used to calculate the weight of the criteria based on the

linguistic terms in Table 1.
wj = IFWAA(WJ-l,WjZ, W]-E)

= /'lleléB/lzwjz e, ..., EB/lnij

n n n

A A A

=[1—||ufu@>E.||w5 ol Ja-ey
E=1 E=1 E=1

n ] (6)

-] [a-95)"

E=1

Step 3: Establish the intuitionistic fuzzy decision matrix (IFDM).

The weights of the potential alternate wheelchair are estimated using
the numerical equivalents of the verbal terms mentioned in Table 2. Using
the intuitionistic fuzzy weighted averaging (IFWA) operator, the weights of
the decision-makers are integrated to produce the aggregated intuitionistic
fuzzy decision matrix (AIFDM), by Panda and Pal (2015). Using Eq. (7),
the AIFDM model is produced by integrating the many perspectives of a
group of decision-makers into a single, coherent perspective.

R®) = (riﬁ-)m*nis the AIFDM of each expert.
A =1{A1,1;, 13, ....., Ag } is the weight of the expert.
R = (rij)ml*nl

— 1.2 E
rj = IFWAA(rij,rij, o T

= /117"5‘@127”5‘@, e @/‘{nrgj
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_ [1 - ﬁ(l —uE), ﬁ(ﬂ

- |a-e)*

E=1
Table 1 - Linguistic terms for experts, criteria and sub-criteria

=1

n

L la-uby

E=1

Linguistic terms IFNs

Very Important (VI) [0.90, 0.05, 0.05]
Important (1) [0.70, 0.25, 0.05]
Medium (M) [0.50, 0.40, 0.10]
Unimportant (U) [0.30, 0.65, 0.05]
Very unimportant (VU) [0.05, 0.90, 0.05]

Table 2 - Linguistic terms for ranking possible alternatives of wheelchairs

Linguistic terms IFNs

Extremely high (EH) [1.00, 0.00, 0.00]
Very high (VH) [0.90, 0.05, 0.05]
High (H) [0.70, 0.25, 0.05]
Medium high (MH) [0.60, 0.35, 0.05]
Medium (M) [0.50, 0.45, 0.05]
Medium low (ML) [0.40, 0.55, 0.05]
Low (L) [0.30, 0.65, 0.05]
Very low (VL) [0.10, 0.85, 0.05]
Extremely low (EL) [0.00, 1.00, 0.05]

Step 4: The S matrix computation.
This step involves determining the criteria weights (W) in respect to
the IFD matrix (R) using Eq. (8).
§ = RAW = (ui;, 9i;) = {Cx, iy X g, (955 + 9;) = (955 X 9;))}
Step 5: Compute the IF ideal positive and negative outcomes.
The benefit criterion is represented by J1, and the cost criterion is
indicated by J.. The IF positive-ideal outcome is represented by A,
whereas the IF negative-ideal outcome is represented by A™. The following
formula is used to obtain these outcomes, A* and A7, using Eq. (9).

+ _ + .+ r+ I+ __ '+ o/+
AT = (rl T2 ey Ty )’7} _(uu U;

AT =0y ey = (0,95

j )
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where

= {(max;(uij)jef), (miny(ui;)jel2)}

07t = {(min;(9;)je/1), (maxi(9;;)je)2)},

={(1 = max;(ui;) — mini(9;;)je/r), (1 — miny(ui;) — max,(9;;)je)2)},

i~ = {(min; (ui;)jelr), (maxi(uij)jel2)},
0" = {(maxi(ﬁi’j)jejl), (mini(ﬁ{j)jejz)},
miT = {(1 - mini(u{j) - maxi(ﬁ{j)jejl), (1 - maxl-(,ufj) - mini(ﬁ{j)jejz)}.

Step 6: Estimate the separation measures between different possible
wheelchairs.

Ashraf et al. (2021) explain that various distance metrics are used to
assess the separation between alternatives in an IFS. These metrics
include normalized versions of the Euclidean and Hamming distances as
well as their generalizations. The separation measurements for each
option are calculated after a particular distance measure has been chosen.
These metrics express how far an option is from the negative ideal solution
(5;7) and the positive ideal solution (S;”) using Eq. (10).

n
1 / )2 / D% ! )2
Si" = 2_2[(%—#1) + (04 = 07)" + (i~ )]

n
1 ’ 1—\2 ! —)? ! -)?
ST = ﬁz (:“ij_:“j) +(19ij_19j ) +(7Tij_”j )]

= (10)

Step 7: Estimate the final ranking of different possible wheelchairs.

The following Eq. (11) is the expression for the relative closeness
coefficient of an alternative, A, with respect to the intuitionistic fuzzy
positive ideal solution, A*:

S.
CFr=——— and0<C'<1
T si s ‘ (11)

The preference ranking is then calculated by sorting the Ci- values in

the descending order. Higher values indicate better success. The
alternative's performance within the sector is reflected in the C; value.

Triangular fuzzy TOPSIS

Jana et al. (2024) validate and confirm the outcomes of the
intuitionistic fuzzy TOPSIS technique by applying the fuzzy TOPSIS
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method with triangular fuzzy integers in this section. The process consists
of the following steps:

Step 1: Specify the criteria and sub-criteria weights.

Triangular fuzzy numbers are used to assess each criterion and sub-
criterion's relevance.

Step 2: Aggregate the weights of the sub-criteria and criteria.

Taking Xz = (pig, qig, Tig) is @ triangular fuzzy number indicated by the
weight of the wheelchair criteria X; determined by the expert E, and Y; =
(ij,qu,rjE) is also a triangular fuzzy number indicated by the weight of
the wheelchair sub-criteria Y; of criteria X; calculated by the Eth expert.
The aggregate weight (AW;) of the Eth criteria and its respective sub-
criteria can be estimated using Eq. (12) [9].

AWE = (a,,B,)/) (12)
where
a = min(piE'ij)'

B = YTE-1 qix, 4« and

a= max(riE,rjE).

Step 3: Integrate the expert’s views.

Using the same procedure described in Step 2, the combined weights
of the criterion and sub-criteria from each expert are combined in this
phase.

Step 4: Normalize the aggregated decision matrix.
A linear scale transformation is used to normalize the fuzzy decision
matrix (FB). The following Eq. (13) is used for the normalization procedure.

FB = [fby]

fbij = (p—:’q—‘jr%) for the benefit criteria
a9 9

mxn

pj pj pj o
fbij = (—’,—’,—’) for the cost criteria
Dij qij Tij

(13)
Step 5: Develop a fuzzy aggregated fuzzy decision matrix.
Let aj represent the rate of the given aggregated weights of the

criterion and sub-criteria (determined in Step 3); the aggregated fuzzy
decision matrix of the options AFB can be constructed using Eq.(14).
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AFB = | Qi1 Q42 Qi Qjm

(14)

Aq1 412 Aq5 alm]

an1 An2 anj Anm

Step 6: Normalize the aggregate fuzzy decision matrix of the
alternatives.

Using the same equations as in Step 4, the aggregated fuzzy decision
matrix is normalized in Step 5.

Step 7: Establish the weighted normalized decision matrix (WN) by
multiplying the weights of the aggregated criteria's normalized elements
by the aggregated fuzzy decision matrix AFB by the sub-criteria using Eq.
(15).

Step 8: Identify the fuzzy positive ideal solution and the fuzzy negative
ideal solution.

The fuzzy positive ideal solution (I*) and the fuzzy negative ideal
solution (I7) are calculated using Eq. (16).

I* ={67,6,....,6:%}
1= ={61,6;,.....0,} (16)
where 6" = (1,1,1) and 6; = (0,0,0).
Step 9: Compute each alternative's distance from the fuzzy positive
and negative ideal solutions.

Let (S;) and (S;7) denote the distances of each alternative wheelchair
from 9]-+and 8;", respectively, and calculated using Eq. (17).

n
Si+ = z d"? (9,:]', 9]+
j=1
n

S = z dy (6:,6;) (17)

where dv (.,.) uses the vertex method to display the distance between
two fuzzy numbers. When triangular fuzzy numbers are involved, it can be
computed using Eq. (18) as follows:
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S, y) = J%[(r’x =2)" + (4= a) + (= 1) e

Step-10: Ranking of the wheelchair alternatives.
The alternatives are ranked in the descending order of the closeness
coefficient C; .

Numerical example

The proposed case study

For those with physical limitations, mobility solutions are crucial, and
wheelchairs continue to be a vital tool for enhancing their quality of life.
Depending on the demands of the user, different wheelchair types—such
as manual (MW), electric (EW), or Al-powered (APW) wheelchairs—offer
unique benefits and drawbacks. The Educational Institute (EI) tries to
develop a wheelchair prototype and aims to choose the best wheelchair
type for its customers by balancing cost, usefulness, and user-specific
needs.

The El wants to enhance its wheelchair prototype by switching to
contemporary, eco-friendly, and effective wheelchair solutions in light of
growing awareness of user-centered design and wheelchair technological
breakthroughs. The Institute is dedicated to meeting various demands of
its users while ensuring that its services are in line with the WHO standards
for assistive technology. In order to do this, the El started a methodical
assessment to determine which wheelchair type would work best for
various user groups.

Three wheelchair models were selected for further evaluation. Manual
wheelchairs are affordable, lightweight, and appropriate for people with
strong upper bodies. Electric wheelchairs are battery-powered devices
with sophisticated functions which are ideal for anyone with poor physical
strength or movement. Al-powered wheelchairs are designed for people
with severe mobility issues or cognitive impairments. These wheelchairs
have voice control, intelligent navigation, and obstacle avoidance features.
An in-depth comprehension of user profiles, environmental factors, and
financial limitations was necessary for the evaluation.

To evaluate the choices, a team of three experts—robotic engineers,
biomedical engineers, and occupational therapists—was selected for their
expertise in wheelchair technology, human mobility, and user-centered
design. This multidisciplinary team ensures a balanced evaluation by
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integrating technical innovation, medical considerations, and practical
usability. While a larger panel could provide broader insights, three experts
were deemed sufficient for an initial assessment, ensuring efficiency
without compromising decision quality. In order to identify the most
qualified wheelchair, the following process was taken into consideration.

Establishing the criteria and sub- criteria for choosing a
qualified wheelchair

These criteria and their sub-criteria were chosen based on the
literature research, and they were then validated and modified in response
to DMs' feedback, as indicated in Table 3.

Table 3 - Identified criteria and sub- criteria

Dimension Criteria Sub-criteria
User-centric User’s physical condition Strength and endurance (SC-1)
factors (C-1)

Posture support (SC-2)

Weight capacity (SC-3)

Range of motion (SC-4)

Comfort (C-2) Seat cushioning (SC-5)

Back support (SC-6)

Adjustability (SC-7)

Ergonomics (SC-8)

Ease of use (C-3) Maneuverability (SC-9)

Control interface simplicity (SC-10)
Caregiver involvement (SC-11)
User learning curve (SC-12)
Control interface (C-4) Joystick control (SC-13)

Voice or gesture control (SC-14)
Manual control options (SC-15)
Caregiver assist mode (SC-16)
Customization (C-5) Adjustable footrests (SC-17)
Adjustable armrests (SC-18)

Seat size and configuration (SC-19)
Accessory options (SC-20)

Performance | Mobility & maneuverability Turning radius (SC-21)
& durability (C-6)

Indoor and outdoor usability (SC-22)
Terrain compatibility (SC-23)
Stability on uneven surfaces (SC-24)
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Dimension Criteria Sub-criteria
Battery life/power supply Battery capacity (SC-25)
(C-7)

Charging time (SC-26)

Range per charge (SC-27)

Power durability (SC-28)

Durability (C-8) Frame strength (SC-29)

Wheel durability (SC-30)

Long-term reliability (SC-31)

Resistance to wear and tear (SC-32)

Cost, safety & | Cost (C-9) Initial purchase cost (SC-33)
technology

Maintenance expenses (SC-34)

Insurance coverage (SC-35)

Warranty (SC-36)

Safety features (C-10) Anti-tip mechanism (SC-37)

Seat belts and harnesses (SC-38)

Braking systems (SC-39)

Collision detection (SC-40)

Technology integration (C-11) | GPS navigation (SC-41)

Sensor integration (SC-42)

Software updates (SC-43)

Smartphone compatibility (SC-44)

Selection of wheelchairs using intuitionistic fuzzy TOPSIS
and its results

The linguistic terms from Table 1 were used to estimate the criteria
and the experts. The significance of each expert in the group decision-
making process is seen in Table 4. Furthermore, the significance of the
criteria and sub-criteria was evaluated using the linguistic phrases listed in
Table 1. Using Eq. (5), the expert weights were determined.

Table 4 - Significance of professionals and their weights

E1 E2 E3
Linguistic terms | Very Important Important Very Important
Weights 0.36 0.28 0.36
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Table 5 - Ratings of the alternatives, ratings of the alternatives based on IFNs, AIFD

matrix
Ratings Ratings based on IFNs AIFD matrix
Criteria | Types | E-1 | E-2 | E-3 | E-1 E-2 E-3
C1 MW L ML | VL [0.30, 0.65] [0.40, 0.55] [0.10, 0.85] [0.266, 0.683, 0.051]
EW M MH [ ML | [0.50, 0.45] [0.60, 0.35] [0.40, 0.55] [0.498, 0.451, 0.051]
APW H VH | MH | [0.70, 0.25] [0.90, 0.05] [0.60, 0.35] [0.755, 0.180, 0.065]
C2 MW ML | L M [0.40, 0.55] [0.30, 0.65] [0.50, 0.45] [0.413, 0.536, 0.050]
EW M MH [ H [0.50, 0.45] [0.60, 0.35] [0.70, 0.25] [0.609, 0.339, 0.051]
APW H EH | VH | [0.70, 0.25] [1.00, 0.00] [0.90, 0.05] [1.000, 0.000, 0.000]
C3 MW L ML | VL [0.30, 0.65] [0.40, 0.55] [0.10, 0.85] [0.266, 0.683, 0.051]
EW M MH | MH | [0.50, 0.45] [0.60, 0.35] [0.60, 0.35] [0.539, 0.383, 0.078]

APW | EH | VH | EH | [1.00,0.00] | [0.90, 0.05] | [1.00, 0.00] | [1.000, 0.000, 0.000]
c4 MW EL | EL | EL | [0.00,1.00] | [0.00,1.00] | [0.00, 1.00] | [0.000, 1.000, 0.000]
EW ML | M | M | [0.40,0.55] | [0.50,0.45] | [0.50, 0.45] | [0.466, 0.484, 0.050]
APW | VH | EH | VH | [0.90,0.05] | [1.00,0.00] | [0.90, 0.05] | [1.000, 0.000, 0.000]
C5 MW EL | VL | EL | [0.00,1.00] | [0.10,0.85] | [0.00, 1.00] | [0.029, 0.956, 0.015]
EW M_ | MH | M| [0.50,0.45] | [0.60,0.35] | [0.50, 0.45] | [0.530, 0.419, 0.050]
APW | H | EH | VH | [0.70,0.25] | [1.00,0.00] | [0.90, 0.05] | [0.781, 0.000, 0.219]
C6 MW | VL | EL | VL | [0.10,0.85] | [0.00,1.00] | [0.10,0.85] | [0.073, 0.890, 0.037]
EW H | H | VH | [0.70,0.25] | [0.70,0.25] | [0.90, 0.05] | [0.798, 0.140, 0.062]
APW | H | VH | EH | [0.70,0.25] | [0.90, 0.05] | [1.00, 0.00] | [1.000, 0.000, 0.000]
c7 MW EL | EL | EL | [0.00,1.00] | [0.00, 1.00] | [0.00, 1.00] | [0.000, 1.000, 0.000]
EW M_| M | ML | [0.50,0.45] | [0.50,0.45] | [0.40,0.55] | [0.466, 0.484, 0.050]
APW | VH | H | H | [0.90,005 | [0.70,0.25] | [0.70,0.25] | [0.798, 0.140, 0.062]
C8 MW MH | M| MH | [0.60,0.35] | [0.50,0.45] | [0.60, 0.35] | [0.574, 0.378, 0.050]
EW MH | MH | H | [0.60,0.35] | [0.60,0.35] | [0.70,0.25] | [0.639, 0.310, 0.051]
APW | MH | H | VH | [0.60,0.35] | [0.70, 0.25] | [0.90, 0.05] | [0.776, 0.158, 0.066]
C9 MW EL | VL | L [0.00, 1.00] | [0.10,0.85] | [0.30, 0.65] | [0.146, 0.818, 0.036]
EW H | MH | MH | [0.70,0.25] | [0.60, 0.35] | [0.60, 0.35] | [0.639, 0.310, 0.051]
APW | EH | VH | EH | [1.00,0.00] | [0.90, 0.05] | [1.00, 0.00] | [1.000, 0.000, 0.000]
C10 MW L | VL | VL |[0.30,0.65] | [0.10,0.85] | [0.10,0.85] | [0.178, 0.772, 0.050]
EW H | MH | MH | [0.70,0.25] | [0.60, 0.35] | [0.60, 0.35] | [0.639, 0.310, 0.051]
APW | EH | EH | VH | [1.00,0.00] | [1.00, 0.00] | [0.90, 0.05] | [1.000, 0.000, 0.000]
c11 MW | VL | L | VL | [0.10,0.85 | [0.30,0.65] | [0.10,0.85] | [0.161, 0.788, 0.050]
EW M | M | ML | [0.50,0.45] | [0.50,0.45] | [0.40,0.55] | [0.466, 0.484, 0.050]
APW | MH | H | MH | [0.60,0.35] | [0.70, 0.25] | [0.60, 0.35] | [0.631, 0.319, 0.051]

Table 2 lists the linguistic terms that were used to rank the wheelchair
alternatives. Table 5 summarizes the expert’s ratings for the three
wheelchair options: manual, electric, and Al-powered and also displays the
IFNs that were created from these ratings. By integrating the views of the
experts, the AIFD matrix (Eq. (7)) was produced as shown in Table 5.The
significance of the wheelchair selection criteria and sub-criteria, as stated
in linguistic terms, is shown in Tables 6 and 7. Subsequently, these
linguistic terms were transformed into IFNs which are also displayed in
Table 7. To calculate the weight of each criterion, the opinions of the
decision-makers were compiled using Eq. (5.) The ultimate weight of the
combined criterion and sub-criteria, as well as their final combined
importance, are displayed in Table 8.
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Table 6 - Ratings of the criteria

Criteria

Ratings of the criteria

E-1

E-2

C1

M

C2

C3

\

C4

C5

M
|
|
M

C6

VI

C7

C8

M

C9

VI

C10

C11

|
|
|
M
|
\
V
M

Table 7 - Ratings of the sub-criteria, and ratings of the sub-criteria based on IFNs

Ratings Ratings of the sub-criteria based on IFNs

Sub-criteria | E-1 | E-2 | E-3 | E-1 E-2 E-3

SC-1 M U M (0.50, 0.40) (0.30, 0.65) (0.50, 0.40)
SC-2 | M VI (0.70, 0.25) (0.50, 0.40) (0.90, 0.05)
SC-3 | M | (0.70, 0.25) (0.50, 0.40) (0.70, 0.25)
SC-4 | | VI (0.70, 0.25) (0.70, 0.25) (0.90, 0.05)
SC-5 | VI | (0.70, 0.25) (0.90, 0.05) (0.70, 0.25)
SC-6 M \'! M (0.50, 0.40) (0.90, 0.05) (0.50, 0.40)
SC-7 M | | (0.50, 0.40) (0.70, 0.25) (0.70, 0.25)
SC-8 | | M (0.70, 0.25) (0.70, 0.25) (0.50, 0.40)
SC-9 VI VI | (0.90, 0.05) (0.90, 0.05) (0.70, 0.25)
SC-10 | \'! M (0.70, 0.25) (0.90, 0.05) (0.50, 0.40)
SC-11 U vu | U (0.30, 0.65) (0.05, 0.90) (0.30, 0.65)
SC-12 M M | (0.50, 0.40) (0.50, 0.40) (0.70, 0.25)
SC-13 | M M (0.70, 0.25) (0.50, 0.40) (0.50, 0.40)
SC-14 VI VI | (0.90, 0.05) (0.90, 0.05) (0.70, 0.25)
SC-15 M U U (0.50, 0.40) (0.30, 0.65) (0.30, 0.65)
SC-16 M U M (0.50, 0.40) (0.30, 0.65) (0.50, 0.40)
SC-17 | \'! | (0.70, 0.25) (0.90, 0.05) (0.70, 0.25)
SC-18 VI | VI (0.90, 0.05) (0.70, 0.25) (0.90, 0.05)
SC-19 \'! | VI (0.90, 0.05) (0.70, 0.25) (0.90, 0.05)
SC-20 VI | VI (0.90, 0.05) (0.70, 0.25) (0.90, 0.05)
SC-21 | M | (0.70, 0.25) (0.50, 0.40) (0.70, 0.25)
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Sub-criteria | E-1 | E-2 | E-3 | E-1 E-2 E-3
SC-22 | VI VI (0.70, 0.25) (0.90, 0.05) (0.90, 0.05)
SC-23 VI VI VI (0.90, 0.05) (0.90, 0.05) (0.90, 0.05)
SC-24 VI \'! VI (0.90, 0.05) (0.90, 0.05) (0.90, 0.05)
SC-25 | VI | (0.70, 0.25) (0.90, 0.05) (0.70, 0.25)
SC-26 M | M (0.50, 0.40) (0.70, 0.25) (0.50, 0.40)
SC-27 VI VI | (0.90, 0.05) (0.90, 0.05) (0.70, 0.25)
SC-28 | | | (0.70, 0.25) (0.70, 0.25) (0.70, 0.25)
SC-29 VI | VI (0.90, 0.05) (0.70, 0.25) (0.90, 0.05)
SC-30 M M | (0.50, 0.40) (0.50, 0.40) (0.70, 0.25)
SC-31 | | M (0.70, 0.25) (0.70, 0.25) (0.50, 0.40)
SC-32 U | M (0.30, 0.65) (0.70, 0.25) (0.50, 0.40)
SC-33 VI \'! | (0.90, 0.05) (0.90, 0.05) (0.70, 0.25)
SC-34 U M VU | (0.30, 0.65) (0.50, 0.40) (0.05, 0.90)
SC-35 \'! M VU | (0.90, 0.05) (0.50, 0.40) (0.05, 0.90)
SC-36 | M | (0.70, 0.25) (0.50, 0.40) (0.70, 0.25)
SC-37 | \'! VI (0.70, 0.25) (0.90, 0.05) (0.90, 0.05)
SC-38 VI M | (0.90, 0.05) (0.50, 0.40) (0.70, 0.25)
SC-39 \'! \'! VI (0.90, 0.05) (0.90, 0.05) (0.90, 0.05)
SC-40 VI | \i (0.90, 0.05) (0.70, 0.25) (0.90, 0.05)
SC-41 | | | (0.70, 0.25) (0.70, 0.25) (0.70, 0.25)
SC-42 | | M (0.70, 0.25) (0.70, 0.25) (0.50, 0.40)
SC-43 VI M | (0.90, 0.05) (0.50, 0.40) (0.70, 0.25)
SC-44 \'! M | (0.90, 0.05) (0.50, 0.40) (0.70, 0.25)
Table 8 - Final aggregated significance of the criteria and the sub-criteria
Final weight aggregated
Combined | E-1 E-2 E-3 criteria and sub-criteria
C-1 (0.50, 0.40) | (0.30,0.65) | (0.50,0.40) | (0.451,0.458, 0.091)
C-2 (0.50, 0.40) | (0.70, 0.25) | (0.50,0.40) | (0.567,0.351, 0.083)
C-3 (0.30, 0.65) | (0.05,0.90) | (0.30,0.65) | (0.238,0.712, 0.050)
C-4 (0.50, 0.40) | (0.30,0.65) | (0.30,0.65) | (0.380, 0.546, 0.074)
C-5 (0.70, 0.25) | (0.70, 0.25) | (0.70,0.25) | (0.700, 0.250, 0.050)
C-6 (0.70,0.25) | (0.50,0.40) | (0.70,0.25) | (0.654, 0.285, 0.061)
C-7 (0.50, 0.40) | (0.70, 0.25) | (0.50,0.40) | (0.567, 0.351 0.083)
C-8 (0.30, 0.65) | (0.50,0.40) | (0.50,0.40) | (0.436,0.476, 0.088)
C-9 (0.30, 0.65) | (0.50, 0.40) | (0.05,0.90) | (0.289, 0.638, 0.073)
C-10 (0.70, 0.25) | (0.50, 0.40) | (0.70,0.25) | (0.654, 0.285,0.061)
C-11 (0.70,0.25) | (0.50,0.40) | (0.50,0.40) | (0.584,0.338, 0.078)
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For the wheelchair selection C-1, C-2, C-3, C-4, C-5, C-6, C-7, C-8,
C-10, and C-11 are the benefit criteria where C-9 is the cost criteria. The
IF positive-ideal solution (A*) and the IF negative-ideal solution (A°) for the
wheelchair selection were determined using Egs. (8 ) and (9) as its results
are shown in Table 9.

Table 9 - Intuitionistic fuzzy positive and negative ideal solutions

A* A
C-1 (0.341, 0.556, 0.104) (0.120, 0.828, 0.052)
C-2 (0.567,0.351, 0.082) (0.234, 0.699, 0.067)
c-3 (0.238, 0.712, 0.050) (0.063, 0.909, 0.028)
C-4 (0.380, 0.546, 0.074) (0.000, 1.000, 0.000)
C-5 (0.547, 0.250, 0.203) (0.020, 0.967, 0.013)
C-6 (0.654, 0.285, 0.061) (0.048, 0.921, 0.031)
C-7 (0.452, 0.442, 0.106) (0.000, 1.000, 0.000)
C-8 (0.338, 0.559, 0.103) (0.279, 0.638, 0.083)
c-9 (0.042, 0.934, 0.024) (0.289, 0.638, 0.073)
c-10 (0.654, 0.285, 0.061) (0.116, 0.837, 0.047)
c-11 (0.369, 0.549, 0.082) (0.094, 0.860, 0.046)

The normalized Euclidean distance was used to determine the
positive (S*) and negative (S°) separation measures for each wheelchair
alternative, and the results are shown in Table10 using Eq. (10). The
relative closeness coefficients C; were initially computed in order to rank
the wheelchair options using Eq. (11). After that, the options were
arranged in accordance with their C;" values in the descending order.

The wheelchair types in this case study were ranked as follows: Al-
Powered >Electric > Manual. As a result, the electric Al-powered
wheelchair was chosen as the best choice out of the available options.

Table 10 - Separation measures and the relative closeness coefficient for each
wheelchair alternative

Wheelchair S* S c; Rank
MW 0.410 0.083 0.169 3rd
EW 0.179 0.256 0.589 2nd
APW 0.083 0.409 0.832 1st
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Selection of the wheelchair using fuzzy TOPSIS

The weights assigned to the criteria and sub-criteria were determined
in order to begin the evaluation procedure. The linguistic terms listed in
Table 11 were used to do this. The same table shows the TFNs that were
used to quantify these linguistic phrases. TFNs, which offer a range of
values to better capture the subjective assessments of experts, are
frequently used to manage uncertainty and imprecision in decision-making
processes.

Table 11 - Linguistic terms for the criteria and sub-criteria

Linguistic terms TFNs

Very important (VI) (0.75, 0.90, 1.00)
Important (1) (0.60, 0.75, 0.90)
Medium (M) (0.30, 0.45, 0.60)
Unimportant (U) (0.15, 0.30, 0.45)
Very unimportant (VU) (0.00, 0.15, 0.30)

As shown in Tables 12 and 13, the experts first used linguistic terms
to represent the priority levels of the criterion and the sub-criteria. The
experts' qualitative inputs are compiled in these tables which also
represent their opinions on the relative importance of each criterion and
sub-criterion.

Table 12 - Linguistic terms and TFNSs for the criteria

Linguistic terms TFNs for the criteria

Criteria | E-1 | E-2 | E-3 | E-1 E-2 E-3

C1 | M | (0.60, 0.75, 0.90) | (0.30, 0.45,0.60) | (0.60, 0.75, 0.90)
C2 M | | (0.30, 0.45, 0.60) | (0.60, 0.75,0.90) | (0.60, 0.75, 0.90)
C3 | i | (0.60, 0.75, 0.90) | (0.75,0.90, 1.00) | (0.60, 0.75, 0.90)
C4 | | M (0.60, 0.75,0.90) | (0.60, 0.75,0.90) | (0.30, 0.45, 0.60)
C5 M | M (0.30, 0.45, 0.60) | (0.60, 0.75,0.90) | (0.30, 0.45, 0.60)
C6 VI | VI (0.75, 0.90, 1.00) | (0.60, 0.75,0.90) | (0.75, 0.90, 1.00)
C7 | M | (0.60, 0.75, 0.90) | (0.30, 0.45,0.60) | (0.60, 0.75, 0.90)
C8 M | VI (0.30, 0.45, 0.60) | (0.60, 0.75,0.90) | (0.75, 0.90, 1.00)
C9 \ii i | (0.75,0.90, 1.00) | (0.75,0.90, 1.00) | (0.60, 0.75, 0.90)
Cc10 | VI | (0.60, 0.75, 0.90) | (0.75,0.90, 1.00) | (0.60, 0.75, 0.90)
C11 | M VI (0.60, 0.75, 0.90) | (0.30, 0.45,0.60) | (0.75,0.90, 1.00)
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Table 13 - Linguistic terms and TFNs for the sub-criteria

Sub- Linguistic terms TFNs for the sub-criteria

criteria | E-1 | E-2 | E-3 | Expert 1 Expert 2 Expert 3

SC-1 M U M (0.30, 0.45, 0.60) | (0.15,0.30, 0.45) | (0.30, 0.45, 0.60)
SC-2 | M \'! (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60) | (0.75, 0.90, 1.00)
SC-3 | M | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC4 | | \'! (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00)
SC-5 | VI | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-6 M VI M (0.30, 0.45, 0.60) | (0.75, 0.90, 1.00) | (0.30, 0.45, 0.60)
SC-7 M | | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90)
SC-8 | | M (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60)
SC-9 VI VI | (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-10 | | VI M (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00) | (0.30, 0.45, 0.60)
SC-11 | U VU | U (0.15, 0.30, 0.45) | (0.00, 0.15, 0.30) | (0.15,0.30, 0.45)
SC-12 | M M | (0.30, 0.45, 0.60) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC-13 | | M M (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60) | (0.30, 0.45, 0.60)
SC-14 | VI VI | (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-15 | M U U (0.30, 0.45, 0.60) | (0.15, 0.30, 0.45) | (0.15, 0.30, 0.45)
SC-16 | M U M (0.30, 0.45, 0.60) | (0.15,0.30, 0.45) | (0.30, 0.45, 0.60)
SC-17 | | VI | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-18 | VI | VI (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00)
SC-19 | VI | \'! (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00)
SC-20 | VI | VI (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00)
SC-21 | | M | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC-22 | | VI VI (0.60, 0.75, 0.90) | (0.75,0.90, 1.00) | (0.75, 0.90, 1.00)
SC-23 | VI VI \'! (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00)
SC-24 | VI VI \'! (0.75, 0.90, 1.00) | (0.75,0.90, 1.00) | (0.75, 0.90, 1.00)
SC-25 | | VI | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-26 | M | M (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60)
SC-27 | VI VI | (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-28 | | | | (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90)
SC-29 | VI | VI (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00)
SC-30 | M M | (0.30, 0.45, 0.60) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC-31 | | | M (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60)
SC-32 | U | M (0.15, 0.30, 0.45) | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60)
SC-33 | VI VI | (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90)
SC-34 | U M VU | (0.15,0.30, 0.45) | (0.30, 0.45, 0.60) | (0.00, 0.15, 0.30)
SC-35 | VI M VU | (0.75,0.90, 1.00) | (0.30, 0.45, 0.60) | (0.00, 0.15, 0.30)
SC-36 | | M | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC-37 | | VI VI (0.60, 0.75, 0.90) | (0.75,0.90, 1.00) | (0.75, 0.90, 1.00)
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Sub-

criteria | E-1 | E-2 | E-3 | Expert 1 Expert 2 Expert 3

SC-38 | VI M | (0.75, 0.90, 1.00) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC-39 | VI | VI VI (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00) | (0.75, 0.90, 1.00)
SC-40 | VI | VI (0.75, 0.90, 1.00) | (0.60, 0.75, 0.90) | (0.75, 0.90, 1.00)
SC-41 | | | | (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90)
SC-42 | | | M (0.60, 0.75, 0.90) | (0.60, 0.75, 0.90) | (0.30, 0.45, 0.60)
SC-43 | VI M | (0.75, 0.90, 1.00) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)
SC-44 | VI M | (0.75, 0.90, 1.00) | (0.30, 0.45, 0.60) | (0.60, 0.75, 0.90)

Further, the ratings

Table 14 - Aggregated decision matrix of the experts

of the combined criteria and sub-criteria (CCS)
based on the triangular fuzzy numbers and the aggregated decision using
Eq. (12) are shown in Table 14. This table provides a thorough assessment
of the options in accordance with the predetermined criteria and sub-
criteria by synthesizing the data acquired in the previous steps.

CCs Expert 1 Expert 2 Expert 3 Aggre. decision

CCS 1 (0.30, 0.68, 0.90) | (0.15, 0.46, 0.90) | (0.30,0.73, 1.00) | (0.15, 0.61, 1.00)
CCSs 2 (0.30, 0.55, 0.90) | (0.60, 0.80, 1.00) | (0.30, 0.61, 0.90) | (0.30, 0.64, 1.00)
CCS 3 (0.15, 0.58, 1.00) | (0.00, 0.58,1.00) | (0.15, 0.56, 0.90) | (0.00, 0.57, 1.00)
CCS 4 (0.30, 0.63, 1.00) | (0.15,0.49, 1.00) | (0.15, 0.46, 0.90) | (0.15, 0.52, 1.00)
CCS 5 (0.30, 0.76, 1.00) | (0.60, 0.78, 1.00) | (0.30, 0.76, 1.00) | (0.30, 0.77, 1.00)
CCS 6 (0.60, 0.84, 1.00) | (0.30, 0.76, 1.00) | (0.60, 0.87, 1.00) | (0.30, 0.82, 1.00)
CCs7 (0.30, 0.70, 1.00) | (0.30,0.73, 1.00) | (0.30, 0.68, 0.90) | (0.30, 0.70, 1.00)
CCS 8 (0.15, 0.53, 1.00) | (0.30, 0.68, 0.90) | (0.30, 0.66, 1.00) | (0.15, 0.62, 1.00)
CCS 9 (0.15, 0.70, 1.00) | (0.30, 0.59, 1.00) | (0.00, 0.39, 0.90) | (0.00, 0.54, 1.00)
CCS 10 | (0.60,0.84,1.00) | (0.30,0.76, 1.00) | (0.60, 0.84, 1.00) | (0.30, 0.81, 1.00)
CCS 11 | (0.60,0.81,1.00) | (0.30, 0.55, 0.90) | (0.30,0.70, 1.00) | (0.30, 0.68, 1.00)

The fuzzy TOPSIS

methodology's Step 4 equations are used to
calculate the normalized values of the created decision matrix. Table 15
presents the normalized results. The language terms used to rate the
alternatives are also shown in Table 16.

Table 15 - Normalized aggregated score of the experts

Criteria Normalized score
C1 0.15 0.61 1.00
C2 0.30 0.64 1.00
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Criteria Normalized score

C3 0.00 0.57 1.00
C4 0.15 0.52 1.00
C5 0.30 0.77 1.00
C6 0.30 0.82 1.00
Cc7 0.30 0.70 1.00
Cc8 0.15 0.62 1.00
C9 0.00 0.00 0.00
C10 0.30 0.81 1.00
C11 0.30 0.68 1.00

Table 16 — Ranking of the alternatives in linguistic terms

Linguistic terms TFNs

Extremely high (EH) [0.80, 0.90, 1.00]
Very high (VH) [0.70, 0.80, 0.90]
High (H) [0.60, 0.70, 0.80]
Medium high (MH) [0.50, 0.60, 0.70]
Medium (M) [0.40, 0.50, 0.60]
Medium low (ML) [0.30, 0.40, 0.50]
Low (L) [0.20, 0.30, 0.40]
Very low (VL) [0.10, 0.20, 0.30]
Extremely low (EL) [0.00, 0.10, 0.20]

Table 17 summarizes the evaluations given to the three wheelchairs
by the experts based on the language terms included in Table 16. To
account for the subjectivity and inherent ambiguity of the assessments,
these ratings are then converted into triangular fuzzy numbers. Table 17
provides the options' comprehensive fuzzy representations, allowing for
additional investigation.

The fuzzy aggregated decision matrix based on the collective views
of the experts is displayed in Table 18. Tables 19 and 20 display the
normalized version and the related weighted normalized fuzzy aggregated
decision matrix, respectively. The calculations used adhere to the same
methodology described in Eq. (12) which is used for the aggregation of the
criterion and the sub-criteria.

For each aggregated criterion and sub-criterion, the ratings of each
alternative were then calculated in relation to the fuzzy positive ideal
solution (I*) and the fuzzy negative ideal solution (I7). The proximity of each
alternative to the ideal and non-ideal solutions is measured by these
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computations. Tables 21 and 22 provide an evaluation of the outcomes of

these calculations.

Table 17 - Rating and TFNs of the alternatives

Linguistic terms

TFNs for the alternatives

Criteria Types | E-1 | E-2 | E-3 | E-1 E-2 E-3
C1 MW L ML | VL [0.20, 0.30, 0.40] [0.30, 0.40, 0.50] | [0.10, 0.20, 0.30]
EW M MH | ML | [0.40, 0.50, 0.60] [0.50, 0.60, 0.70] | [0.30, 0.40, 0.50]
APW H VH | MH | [0.60, 0.70, 0.80] [0.70, 0.80, 0.90] | [0.50, 0.60, 0.70]
Cc2 MW ML [ L [0.30, 0.40, 0.50] [0.20, 0.30, 0.40] | [0.40, 0.50, 0.60]
EW MH | H [0.40, 0.50, 0.60] [0.50, 0.60, 0.70] | [0.60, 0.70, 0.80]
APW H EH | VH | [0.60, 0.70, 0.80] [0.80, 0.90, 1.00] | [0.70, 0.80, 0.90]
C3 MW L ML | VL [0.20, 0.30, 0.40] [0.30, 0.40, 0.50] | [0.10, 0.20, 0.30]
EW M MH | MH | [0.40, 0.50, 0.60] [0.50, 0.60, 0.70] | [0.50, 0.60, 0.70]
APW EH | VH | EH | [0.80, 0.90, 1.00] [0.70, 0.80, 0.90] | [0.80, 0.90, 1.00]
C4 MW EL EL EL [0.00, 0.10, 0.20] [0.00, 0.10, 0.20] | [0.00, 0.10, 0.20]
EW ML [ M M [0.30, 0.40, 0.50] [0.40, 0.50, 0.60] | [0.40, 0.50, 0.60]
APW VH | EH | VH | [0.70, 0.80, 0.90] [0.80, 0.90, 1.00] | [0.70, 0.80, 0.90]
C5 MW EL | VL EL [0.00, 0.10, 0.20] [0.10, 0.20, 0.30] | [0.00, 0.10, 0.20]
EW MH | M [0.40, 0.50, 0.60] [0.50, 0.60, 0.70] | [0.40, 0.50, 0.60]
APW H EH | VH | [0.60, 0.70, 0.80] [0.80, 0.90, 1.00] | [0.70, 0.80, 0.90]
C6 MW VL EL | VL [0.10, 0.20, 0.30] [0.00, 0.10, 0.20] | [0.10, 0.20, 0.30]
EW H VH | [0.60, 0.70, 0.80] [0.60, 0.70, 0.80] | [0.70, 0.80, 0.90]
APW VH | EH | [0.60, 0.70, 0.80] [0.70, 0.80, 0.90] | [0.80, 0.90, 1.00]
Cc7 MW EL EL EL [0.00, 0.10, 0.20] [0.00, 0.10, 0.20] | [0.00, 0.10, 0.20]
EW M ML [ [0.40, 0.50, 0.60] [0.40, 0.50, 0.60] | [0.30, 0.40, 0.50]
APW VH | H H [0.70, 0.80, 0.90] [0.60, 0.70, 0.80] | [0.60, 0.70, 0.80]
C8 MW MH [ M MH [ [0.50, 0.60, 0.70] [0.40, 0.50, 0.60] | [0.50, 0.60, 0.70]
EW MH [ MH | H [0.50, 0.60, 0.70] [0.50, 0.60, 0.70] | [0.60, 0.70, 0.80]
APW MH [ H VH | [0.50, 0.60, 0.70] [0.60, 0.70, 0.80] | [0.70, 0.80, 0.90]
C9 MW EL | VL L [0.00, 0.10, 0.20] [0.10, 0.20, 0.30] | [0.20, 0.30, 0.40]
EW H MH | MH | [0.60, 0.70, 0.80] [0.50, 0.60, 0.70] | [0.50, 0.60, 0.70]
APW EH | VH | EH | [0.80, 0.90, 1.00] [0.70, 0.80, 0.90] | [0.80, 0.90, 1.00]
C10 MW L VL | VL [0.20, 0.30, 0.40] [0.10, 0.20, 0.30] | [0.10, 0.20, 0.30]
EW H MH | MH | [0.60, 0.70, 0.80] [0.50, 0.60, 0.70] | [0.50, 0.60, 0.70]
APW EH | EH | VH | [0.80, 0.90, 1.00] [0.80, 0.90, 1.00] | [0.70, 0.80, 0.90]
C11 MW VL L VL [0.10, 0.20, 0.30] [0.20, 0.30, 0.40] | [0.10, 0.20, 0.30]
EW M ML | [0.40, 0.50, 0.60] [0.40, 0.50, 0.60] | [0.30, 0.40, 0.50]
APW MH [ H MH [ [0.50, 0.60, 0.70] [0.60, 0.70, 0.80] | [0.50, 0.60, 0.70]
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Table 18 - Experts' fuzzy aggregated assessment matrix for each choice

Criteria MW EW APW

AC1 [0.10, 0.29, 0.50] [0.30, 0.49, 0.70] [0.50, 0.69, 0.90]
AC2 [0.20, 0.39, 0.60] [0.40, 0.59, 0.80] [0.60, 0.80, 1.00]
AC3 [0.10, 0.29, 0.50] [0.40, 0.56, 0.70] [0.70, 0.86, 1.00]
AC4 [0.00, 0.10, 0.20] [0.30, 0.46, 0.60] [0.70, 0.83, 1.00]
AC5 [0.00, 0.13, 0.30] [0.40, 0.53, 0.70] [0.60, 0.78, 1.00]
AC6 [0.00, 0.16, 0.30] [0.60, 0.73, 0.90] [0.60, 0.80, 1.00]
AC7 [0.00, 0.10, 0.20] [0.30, 0.46, 0.60] [0.60, 0.73, 0.90]
AC8 [0.40, 0.56, 0.70] [0.50, 0.63, 0.80] [0.50, 0.69, 0.90]
AC9 [0.00, 0.18, 0.40] [0.50, 0.63, 0.80] [0.70, 0.86, 1.00]
AC10 [0.10, 0.23, 0.40] [0.50, 0.66, 0.80] [0.70, 0.86, 1.00]
AC11 [0.10, 0.23, 0.40] [0.30, 0.46, 0.60] [0.50, 0.63, 0.80]

Table 19 - Experts' normalized fuzzy aggregated assessment matrix for each choice

Criteria MW EW APW

AC1 [0.10, 0.29, 0.50] [0.30, 0.49, 0.70] [0.50, 0.69, 0.90]
AC2 [0.20, 0.39, 0.60] [0.40, 0.59, 0.80] [0.60, 0.80, 1.00]
AC3 [0.10, 0.29, 0.50] [0.40, 0.56, 0.70] [0.70, 0.86, 1.00]
AC4 [0.00, 0.10, 0.20] [0.30, 0.46, 0.60] [0.70, 0.83, 1.00]
AC5 [0.00, 0.13, 0.30] [0.40, 0.53, 0.70] [0.60, 0.78, 1.00]
AC6 [0.00, 0.16, 0.30] [0.60, 0.73, 0.90] [0.60, 0.80, 1.00]
AC7 [0.00, 0.10, 0.20] [0.30, 0.46, 0.60] [0.60, 0.73, 0.90]
ACS8 [0.40, 0.56, 0.70] [0.50, 0.63, 0.80] [0.50, 0.69, 0.90]
AC9 [0.00, 0.00, 0.00] [0.00, 0.00, 0.00] [0.00, 0.00, 0.00]
AC10 [0.10, 0.23, 0.40] [0.50, 0.66, 0.80] [0.70, 0.86, 1.00]
AC11 [0.10, 0.23, 0.40] [0.30, 0.46, 0.60] [0.50, 0.63, 0.80]

Table 20 - Experts' weighted normalized fuzzy aggregated assessment matrix for each
choice

Criteria MW EW APW

AC1 [0.015, 0.177, 0.500] | [0.045, 0.299, 0.700] [0.075, 0.421, 0.900]
AC2 [0.060, 0.249, 0.600] | [0.120, 0.377, 0.800] [0.180, 0.512, 1.000]
AC3 [0.000, 0.165, 0.500] | [0.000, 0.319, 0.700] [0.000, 0.490, 1.000]
AC4 [0.000, 0.052, 0.200] | [0.045, 0.239, 0.600] [0.105, 0.432, 1.000]
AC5 [0.000, 0.100, 0.300] | [0.120, 0.408, 0.700] [0.180, 0.600, 1.000]
AC6 [0.000, 0.131, 0.300] | [0.180, 0.598, 0.900] [0.018, 0.656, 1.000]
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Criteria

MW

EW

APW

AC7

[0.000, 0.070, 0.200]

[0.090, 0.322, 0.060]

[0.180, 0.511, 0.900]

AC8

[0.060, 0.347, 0.700]

[0.075, 0.390, 0.800]

[0.075, 0.428, 0.900]

AC9

[0.000, 0.000, 0.000]

[0.000, 0.000, 0.000]

[0.000, 0.000, 0.000]

AC10

[0.030, 0.186, 0.400]

[0.150, 0.535, 0.800]

[0.210, 0.696, 1.000]

AC11

[0.030, 0.156, 0.400]

[0.090, 0.313, 0.600]

[0.150, 0.428, 0.800]

Table 21 — Rating the distances between every choice and the fuzzy positive ideal

solution I*

Criteria MW EW APW

AC1 0.795 0.706 0.633
AC2 0.732 0.633 0.551

AC3 0.806 0.720 0.648
AC4 0.920 0.742 0.612
AC5 0.876 0.636 0.527
AC6 0.865 0.530 0.601

AC7 0.914 0.851 0.554
ACS8 0.683 0.650 0.631

AC9 1.000 1.000 1.000
AC10 0.809 0.571 0.489
AC11 0.819 0.698 0.603
SI* 9.219 7.737 6.847

Table 22 - Rating the distances between each choice and the fuzzy negative ideal
solution I

Criteria MW EW APW
ACA1 0.306 0.440 0.575
AC2 0.377 0.515 0.657
AC3 0.304 0.444 0.643
AC4 0.119 0.374 0.632
AC5 0.183 0.473 0.681
AC6 0.189 0.632 0.691
AC7 0.122 0.196 0.606
AC8 0.452 0.516 0.577
AC9 0.000 0.000 0.000
AC10 0.255 0.562 0.714
AC11 0.248 0.394 0.531
SI- 2.556 4.547 6.307
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Table 23 - Each wheelchair ranking, separation metrics, and relative closeness coefficient

Alternatives SI* SI- Ci* Rank
MW 9.219 2.556 0.217 3rd
EW 7.737 4.547 0.370 2nd
APW 6.847 6.307 0.479 1st

The three options were ordered in descending order of the relative
proximity coefficients (Ci*), which were computed in order to rate the
different options. According to the fuzzy TOPSIS analysis results in Table
30, APW > EW > MW is the ranking. As a result, APW was determined to
be the wheelchair option that was the most preferred.

Sensitivity analysis

A sensitivity analysis that looked at how different factors affected the
ranking of the wheelchairs is presented in this section. Three different
circumstances were examined in the analysis, each concentrating on a
different set of criteria. A thorough summary of these situations is given in
Table 24 which also highlights the variables assessed in each scenario. In
order to rank the alternatives, the analysis additionally analyzes the results
of the intuitionistic fuzzy TOPSIS and fuzzy TOPSIS methodologies; the
results are shown in Table 24.

Table 24 - Sensitivity analysis results for multiple circumstances

Circumstance | Decision criteria Experts | Wheelchair ranking
Intuitionistic Triangular
fuzzy TOPSIS | fuzzy

TOPSIS
Current C-1, C-2, C-3, C4, C-5, E1,E2, | APW>EW> | APW>EW
circumstance | C-6, C-7, C-8, C-9, C-10, E3 MW > MW
C-11

Circumstance | C-1, C-2, C-3, C-4, C-5 E1,E2, | APW>EW> | APW>EW

1 (User-centric factors) E3 MW > MW

Circumstance | C-6, C-7, C-8 E1,E2, | APW >EW > APW > EW

2 (Performance & durability) | E3 MW > MW

Circumstance | C-9, C-10, C-11 (Cost, E1,E2, | APW >EW > APW > EW

3 safety & technology) E3 MW > MW

Figures 2 and 3 provide a visual representation of the sensitivity
analysis findings. These numbers show how well the two approaches
perform in comparison under various conditions. In contrast to the
conventional fuzzy TOPSIS approach, the intuitionistic fuzzy TOPSIS
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method exhibits an equivalent sensitivity to scenario modifications, as
illustrated. The intuitionistic fuzzy TOPSIS method's increased sensitivity
is especially useful in situations where criteria are very subjective and need
intricate assessments. The intuitionistic fuzzy TOPSIS approach gives
decision-makers a more thorough and reliable way to distinguish between
options when criteria are qualitative in nature, including user-centric
factors, performance & durability, and cost, safety & technology for
nuanced decision making. This feature promotes more educated
wheelchair selection decisions and improves the dependability of the
rating process. Overall, the findings highlight how crucial it is to use cutting-
edge techniques like intuitionistic fuzzy TOPSIS when dealing with
situations involving subjective criteria since they provide more accuracy
and flexibility in supplier evaluation for the selection of sustainable
wheelchairs.

1,200
1,000
$ 0,800
©
> 0,600 .\/‘\’
*
o 0,400
0,200
0,000
Current Circumstance Circumstance Circumstance
Circumstance 1 2 3
== |\ 0,169 0,000 0,038 0,307
=@\ 0,589 0,515 0,703 0,561
APW 0,832 1,000 1,000 0,693
===\ =@\ APW

Figure 2 - Intuitionistic fuzzy TOPSIS approach sensitivity analysis results
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Figure 3 - Triangular fuzzy TOPSIS approach sensitivity analysis results

Discussion

Research findings

The MCDM method based on intuitionistic fuzzy TOPSIS is
introduced in this study, adding to the body of knowledge on wheelchair
selection. The approach successfully tackles the subjectivity and
ambiguity of wheelchair evaluation. A thorough sensitivity analysis was
conducted, contrasting the results of intuitionistic fuzzy TOPSIS with those
of conventional fuzzy TOPSIS, in order to verify its robustness.

The sensitivity analysis for wheelchair selection was performed
across three distinct circumstances to evaluate how varying decision
criteria influence the rankings generated by the intuitionistic fuzzy TOPSIS
and triangular fuzzy TOPSIS methods. The "Current circumstance"
considered all decision criteria (C-1 to C-11) and expert opinions (E1, E2,
E3), with both methods yielding the same ranking: APW > EW > MW. In
"Circumstance 1," which focused on user-centric factors (C-1 to C-5), the
rankings remained unchanged across both methods, highlighting the
consistency of the alternatives under user-specific priorities. Similarly,
"Circumstance 2," emphasizing performance and durability (C-6 to C-8),
and "Circumstance 3," addressing cost, safety, and technology (C-9 to C-
11), also produced identical rankings across both methods: APW > EW >
MW. This consistency across all circumstances indicates that both
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methods are robust under varying criteria; however, intuitionistic fuzzy
TOPSIS is better equipped to detect subtle variations and differences in
certain subjective scenarios, as it incorporates a higher degree of
sensitivity and adaptability. This capability makes intuitionistic fuzzy
TOPSIS particularly advantageous when dealing with highly subjective
and nuanced decision-making contexts.

The selected wheelchair alternatives differ significantly in
functionality, making their ranking relatively intuitive, even for non-experts.
However, this example serves as an illustration to demonstrate the
applicability of intuitionistic fuzzy TOPSIS and to highlight the importance
of various criteria in the selection process. The true value of this approach
lies in its ability to handle complex decision-making scenarios where
differences are less obvious. Intuitionistic fuzzy TOPSIS enhances
sensitivity and adaptability, making it particularly useful for nuanced and
highly subjective decision-making contexts.

Research implications

This method is unique in that it uses intuitionistic fuzzy numbers in
conjunction with the TOPSIS method to solve imprecise decision making.
With an emphasis on wheelchair selection, it assesses the aspects related
to cost, safety, and technology, as well as user-centric factors including
performance and durability. The study helps stakeholders grasp the
fundamentals of a thorough wheelchair assessment for improved decision
making by rating and choosing the best choices based on these criteria.

Real-world applications and managerial perspectives

The application of Intuitionistic Fuzzy TOPSIS and Triangular Fuzzy
TOPSIS in wheelchair selection provides significant managerial insights
by emphasizing the effectiveness of APW over EW and MW. Both methods
address uncertainties and subjective judgments in evaluating user-centric
factors, performance & durability, and cost, safety & technology
dimensions. The consistent superiority of APW highlights its ability to
prioritize criteria effectively, leading to accurate and user-aligned
decisions. While APW may suggest options with higher initial costs, these
selections typically offer better durability, safety, and user satisfaction,
reducing long-term expenses. These approaches empower managers to
make holistic, data-driven, and sustainable decisions, balancing
economic, functional, and technological priorities.
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Conclusion and future work

Adopting sustainable and user-centric techniques is essential when
choosing wheelchairs in order to satisfy a variety of needs while taking
durability and long-term cost effectiveness into consideration. The intricacy
and subjectivity of decision making make it difficult to choose the best
wheelchair model based on predetermined criteria. Using an intuitionistic
fuzzy TOPSIS approach, this paper proposes a useful decision-making
framework to investigate the wheelchair choosing process. The most
pertinent criteria and sub-criteria across the user-centric factors,
performance & durability, and cost, safety & technology aspects were
found by a thorough literature research. The collective views of experts led
to the finalization of these criteria. The suggested approach takes
subjective assessments and uncertainties into consideration when ranking
and choosing the best wheelchair model. A comparison with the fuzzy
TOPSIS method under three distinct scenarios was carried out to verify
the robustness of the strategy and show the model's sensitivity and
dependability.

Although practitioners in other contexts would need to reinterpret the
criteria and ratings based on expert judgments to meet their particular
needs, the system can be modified for new fields. Because of its
adaptability, the framework can be used in a variety of industries while still
being accurate and relevant. This study's absence of interdependencies
between the criterion and the sub-criteria, which could affect results, is a
limitation. In order to account for these interdependencies and further
improve the selection process, future research could address this by
including approaches like the Analytic Hierarchy Process.
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Resumen:

Introduccidén/objetivo: Seleccionar una silla de ruedas adecuada es vital
para garantizar la movilidad, la comodidad y la independencia de las
personas con discapacidad. El objetivo principal es ayudar a identificar la
silla de ruedas optima considerando diversos criterios centrados en el
usuario y minimizando las ambigliedades en la toma de decisiones.
Métodos: EIl marco propuesto aprovecha conjuntos difusos intuicionistas
para abordar la indecisién y la imprecision que suelen presentarse en la
toma de decisiones. La ponderacion de los criterios y las evaluaciones de
alternativas se determinaron con la participacién de expertos. Se realizé un
analisis de sensibilidad para garantizar la robustez y fiabilidad del proceso
de clasificacion. Se realizé un estudio de caso para validar la eficacia de la
metodologia e ilustrar su aplicacién practica.

Resultados: El estudio demostré que las sillas de ruedas impulsadas por
IA (APW) superaron a otras opciones de sillas de ruedas segtn los criterios
y subcriterios seleccionados.

Conclusion: Los hallazgos resaltan la utilidad del enfoque intuicionista
difuso TOPSIS para facilitar la toma de decisiones bien informadas en la
seleccion de sillas de ruedas. Este método beneficia a usuarios finales,
cuidadores y profesionales médicos al abordar las complejidades de la
toma de decisiones subjetiva e incierta, lo que en ultima instancia conduce
a resultados mas inclusivos y confiables. El marco demuestra ser una
herramienta eficaz para mejorar el proceso de toma de decisiones en la
seleccion de sillas de ruedas.

Palabras claves: seleccion de silla de ruedas, difuso intuicionista, difuso
triangular, TOPSIS, analisis de sensibilidad.

MHorokpuTepuanbHbI NOAXo4 K NPUHATUIO peLLeHniA Npu Bbibope
I/IHBaJ'II/I,EI.HOI7I KOJMTACKM C ncnosib3oBaHnemM NHTYNLMUOHUCTCKOIro
HedeTKkoro topsis meToaa

lMpacaHm PanpxaH Oxand, bubymu BycaH Yoyaypu?, Cywun Kymap Caxy?,
KoppecnoHaeHT, [pazan Mamyyap®, Brnadumup Cumny®

aTexHonornyeckumn NHCTUTYT nMenn Nuampel Manan (BPUT, Pypkena),
dakynbTeT MalnHocTpoeHus, CapaHr, [xeHkaHan, Oaguvwa,
Pecny6nuka NHans

6 Benrpaackuii yHMBepcuTeT, hakynbTeT OpraHU3aLMOoHHbIX HayK, kadeapa
onepaumoHHbIX nccnefoBaHnin n ctatuctukn, benrpaa, Pecnybnvka Cepbus
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+ Kopencknii yHMBepCcuTeT, KONNeaK Hayku U TEXHONOMMI, hakynbTeT
NpuvKNagHbix Hayk, kacdpegpa matemaTnyeckux Hayk, CemxoH, Pecnybnuvka
Kopes
® Benrpaackuii yHuBepcuTeT, hakynbTeT TpaHCNopTa U opraHnsauum

nBwxeHusi, yn. Boesogbl Ctenel, A.305, r. Benrpag, Pecny6nuka Cepbus

PYBPUKA TPHTW: 73.47.12 OpraHu3auus ynpasnexHus un
aBTOMaTM3NPOBaHHbIE CUCTEMbI YpaBreHns
TpaHCNopToM,

B CTATbW: opurmHanbHas HayyHas ctaTbsl

Pe3some:

BeedeHue/yenb: Bpibop nodxodsiueli UHearmuOHOU KOMsSICKU umeem
JKUBHEHHO 8aXkHoe 3HauyeHue Ons  obecriedeHuss MobuibHOCMU,
Komgopma U Hesasucumocmu el € 02paHUYeHHbIMU
gosmoxHocmsamu. OCHoeHasi uernb cmambU — oMO4Yb 8 8blbope
Haubosnee nodxodswel UHB8anudHOU KOMSCKU, MPpUHUMas 80 8HUMaHuUe
ps0 Kpumepues, OpUEHMUPOBaHHbIX Ha rofib3ogamersis, U €800 K
MUHUMYMY HeorpedesieHHOCMb Mpu NPUHAMUU peweHul.

Memookb!: B npednazaemoli cmpykmype ucrionb3yemcsi
UHMYUUUOHUCMCKUE HeYemkue MHOXecmaa, obbsicHsIIOWUE
HeorpedesieHHOCMb U HEemMOYHOCMb 4acmo Mpucymcmeyruwux 6
poyecce MpuHSIMuUs peweHul. Beca Kpumepues U  OUEHKU
anbmepHamue bbinu  ymeepxdoeHb! akcriepmamu. [ns obecrieyeHusi
HadexxHocmu u ycmoU4ueocmu rpouecca paHXuposaHUsi nMpUMEHSITICS
aHanus 4yscmeumesisHocmu. s nodmeepxoeHusi aghgpekmusHocmu
mMemoQosioc2uu U unrcmpayuu ee npakmu4yeckoz2o npumMeHeHuUsi 6biio
rnposedeHo memamuyeckoe uccriedogaHue.

Pesynbmamsi: ViccriedogaHue rnokasasno, Ymo UHEarnulHbIe KOMSICKU C
uckyccmeeHHbIM uHmerstnekmom (APW) npesocxodsam dpyaue sapuaHmb|
UHBAIUOHbIX KOMISICOK 10 8bI6paHHbIM KpUMmMepusiM U nooKpUmepusim.
Bbigod: Pesyrnibmambi riokassigearom, 4mo rnoodxo0 UHMYUUUOHUCMCKUX
Heyemkux mHoxxecme TOPSIS obriecdaem ripouecc npuHAMus peweHut
npu eblbope UHBanuUOHOU KOMSICKU, OCHOB8aHHbIl Ha O0bwWUupHOU
uHgopmayuu.  dmom  MemoO  PUHOCUM  MOfb3y  KOHEYHbIM
rnonb3o8amerisivM, fuyaM, OCyuecmensiiouum yxod, U MeOUUUHCKUM
pabomHukaMm, MOCKOJ/IbKY yCmpaHsiem CIIOXKHOCMU CyObeKkmugHO020 U
HeorpedesileHHO20 rpouecca MPUHAMUS peuweHul, 4mo 8 KOHEYHOM
umoee npusodum K bonee HalexHbIM U  8Ce0b6BLEMITIOWUM
pesynbmamam. [lokazaHo, 4mo QaHHasi cucmema  s8/semcs
3bPeKMUBHbLIM UHCMPYMEeHMOM OJ1s1 onmuMu3auuu rnpoyecca npuHsamusi
peuweHul rnpu ebibope UHBarnUOHOU KOISICKU.

Knrouesbie crosa: ebibop UHBanuUOHOU KOMSCKU, UHMYUUUOHUCMCKOE
Heyemkoe MHOXecmeo, mpeyaosbHas Hedemkoe MHoxecmeo, TOPSIS,
aHarnu3 d4yscmeumeribHocmu.
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BuwekpuTepujyMcku NpMCTyn oasy4mBaky npy n3bopy MHBanuacKmx
konuvua nomohy uHTyntmeHe dasm TOPSIS meToae

lMpacanm Panyan Oana?, bubymu Bycan Yoyaxypja @, Cywun Kymap Caxy?,

ayTop 3a npenucky, [pazan Mamy4ap®, Bradumup Cumnhe

2 TexHonowku MHCTUTYT NHaunpe Manan (BPUT, Poypkena), Oacek 3a
MalmHcTBO, CapaHr, [IxeHkanan, Oguwa, NHguvja

5 YHuBepanteT y Beorpagy, ®akynTeT opraHmM3aumoHux Hayka, Kategpa 3a
onepaunoHa NcTpaxwveara u ctatuctuky, beorpag, Cpbuja +
Konew 3a Hayky n TexHonorujy, Kopejckn yHusepanuteT, Ofcek 3a npuMmerseHe
mMaTeMaTuyke Hayke, CelloHr, Penybnuvka Kopeja

® YHuBep3uTeT y Beorpagy, CaobpahajHu dakynTerT,
Beorpan, Cpbuja

OBJIACT: onepauunoHa nctpaxueaha, MexaHuka

KATEFOPWUJA (TWIM) YNAHKA: opuriHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: N36op odzo8apajyhux uHeanudckux Konuya 00 CyWwmuHcKe je
gaxkHocmu 3a obesbehusare MoburHocmu, ydobHocmu U He3agucHocmu
ocoba ca uHeanudumemom. lpumapHu yurb pada je 0a nomoeHe da maj
usbop 6ydeHajnozodHuUju y3umajyhu y ob3up HU3 Kpumepujyma Koju ce
00HOCe Ha KOopucHuka u 0a ce MpumoM Heu38ecHoCm rpu o0syqusary
ceede Ha Wimo Mary Mepy.

Memode: NpednoxeHu oKkeup NMpUMeHsyje UHMyumusHe ¢hasu cKyrose da
bu objacHUO HeOdsTyYHOCM U HENPEeyUu3HoCm 4Yecme rpu 00s1y4HU8arby.
TexuHe Kpumepujyma u rpoueHe anmepHamuea oodpeheHe cy y3 rnomoh
ekcniepama. [lpumerseHa je aHanusa ocemsbugocmu Kako bu ce
obesbedurna pobycmHocm u rnoy3daHocm ripoyeca paHauparka. YpaheHa
je cmyduja cniyyaja koja romephyje egbukacHocm Memodoriozuje U
unycmpyje HeHy npakmu4Hy rnpuMeHy.

Pesynmamu: Cmyduja je noka3ana Oa cy ce uHeanudcka Konuya Ha rnoaoH
rnomohy eewmadke uHmernuaeHyuje rnokasasna 6or/eum 00 ocmarnux onyuja
Ha ocHoBy usabpaHux Kpumepujyma u rnomkpumepujyma.

Bakrbyyak: Hanasu noka3syjy 0a je uHmyumusHu ¢pa3u TOPSIS npucmyn
Kopucman rpu 00rly4usary Ha 0CHo8y 0burba UHghopmauyuja rnpu u3bopy
uHeanudckux Komnuua. Kpajru KopucHuuu, Hezoeamerbu U MeOUUUHCKU
padHuuyu umajy kopucmu o0 oge memode Koja ce 6agu crioxxeHownhy
cybjekmueHoz U Heu3gecHoz2 00sy4Yuearba, WMo y KpajH0oj TUHUjU 800U Ka
UHKITy3UBHUjuM U roy30aHujum pesynmamuma. Osaj okeup ce rnoka3ao
Kao egbukacHo cpedcmeo 3a nobosbliarke npouyeca 00sy4usarka npu
u3bopy uHeanudCcKux Konuya.

KrbyyHe peyu: u3bop uHeanudCKux Komuya, UHmMyumueHu ¢hasu,
mpoyenacmu ¢asu, TOPSIS, aHanusza ocemrbugocmu
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