
A hybrid FAHP–entropy–TOPSIS
model for selecting the facility
layout in small-scale
manufacturing

Parveen Sharma1, Kashmir Singh Ghatorha1, Lenka Cepova2,
Nillohit Mitra Ray3, Ajay Kumar  4*, Saneh Lata Yadav5,
Vladimira Schindlerova2 and Rakesh Kumar Phanden6,7

1School ofMechanical Engineering, Lovely Professional University, Phagwara, Punjab, India, 2Department
of Machining, Assembly and Engineering Metrology, Faculty of Mechanical, Engineering, VSB-Technical
University of Ostrava, Ostrava, Czechia, 3School of Bioengineering and Biosciences, Lovely Professional
University, Phagwara, India, 4Department of Mechanical Engineering, School of Core Engineering,
Faculty of Science, Technology & Architecture, Manipal University, Jaipur, Rajasthan, India, 5Centre of
Excellence - Cloud Computing, School of Engineering & Technology, K.R. Mangalam University, Sohna,
Haryana, India, 6School of Business and Law, Central Queensland University, Rockhampton, VIC,
Australia, 7Department of Engineering, Sat Kabir Institute of Technology & Management, Bahadurgarh,
Haryana, India

The strategic layout of a facility is crucial for achieving optimal productivity,
operational efficiency, and ergonomic functionality in manufacturing systems.
The availability of resources on the shop floor has a direct impact on how
effectively each industry performs its tasks. The current study proposes a
combined approach for selecting the optimal layout design from several
options for a specific small-scale manufacturing industry. To achieve this,
authors employed the FAHP to make decisions in the presence of uncertainty,
the Entropy method to assign objective weights to different criteria, and the
TOPSIS method to rank design options based on their proximity to the ideal
solution. Five different facility layout designs were evaluated, with three
qualitative factors examined: layout flexibility, shop floor utilisation, and
ergonomics. The method is designed for use in a car parts manufacturing
company that has experienced operational bottlenecks and poor shop floor
layout for years. The people in charge, as well as the industry management, were
unsatisfied with the setup. The results show that Layout 5 is superior to the others
because it can bemodified and outperforms all the other criteria used to evaluate
it. The current study provides a comprehensive model to help small-scale
industries, which are often at the bottom of the industrial hierarchy, transition
from simple methods to more advanced ones in making decisions about layout
design.
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1 Introduction

In today’s competitive market, the layout of a manufacturing
company’s resources is of paramount importance, as it affects how
efficiently the company utilises its resources, how quickly it can
produce goods, and its cost-effectiveness. A well-structured and
planned layout enhances the flow of operations, reduces the time
and cost of material movement, and optimises the use of available
space and resources (Odeyinka and Omoegun, 2023).

On the other hand, bad layouts can lead tomore blocking, longer
cycle times, wasted floor space, and higher operating costs. In small-
scale manufacturing units where resources are sparse, it is even more
important to plan the layout so that one can maximise the use of
available resources.

An industry, whether small or large, constantly strives to
maximise its use of resources. The resources of an industry can
be the people, machines, or other things that businesses use to turn
input into output. Thus, machines are also a resource. Their correct
placement on the shop floor will facilitate the other resources to
work more effectively, as they all depend on each other. Facility
layout planning is the process of strategically placing resources, such
as equipment, departments, and pathways, to ensure a streamlined
information flow regarding materials and workers (Stephens and
Meyers, 2013). However, the division of floor space among different
resources is a cumbersome process, as many factors that need to be
considered are at odds with each other. These factors can either be
qualitative or quantitative. While the quantitative factors can be
directly measured or calculated (for example, how long it takes to
make something or how far it must travel), the qualitative factors are
not as easy to measure (like how flexible the layout is, how
comfortable it is to use, how well it utilises the space), but they
are just as important.

Many factors influence the position of a machine on the shop
floor. For a layout designer, it is challenging to consider all factors
simultaneously; however, the objective is to take into account most
of them.While some mathematical data is available to help ascertain
quantitative factors, additional data is also available that lacks
numeric values but still influences planning. These are called
qualitative factors (Ding, 2011; İnce and Taşdemir, 2024).

It is pretty challenging to deal with such a problem. In this
regard, Multi-criteria decision-making (MCDM) techniques have
become increasingly popular (Taherdoost and Madanchian, 2023).
These MCDMmethods or approaches enable the user to investigate
a range of layout options based on various performance criteria or
indicators. The current study proposes a mixed MCDM framework
that utilises the FAHP to gather expert opinions, the Entropy
method to derive unbiased weights, and TOPSIS to rank the
available options. The goal of this study is to develop a
comprehensive and adaptable approach for small businesses to
select their facility layout, with a focus on its practical application
in the real world (Sharma and Singhal, 2017, Torfi et al., 2010).

2 Literature review

In this study, a wide range of research papers published in the
last 20 years have been analysed to aid the layout design. The
research has taken into account various scientific literature that has

reported significant improvements in facility layout planning, multi-
criteria decision-making methods, and hybrid evaluation techniques
and tools. The scientific papers were carefully curated from
reputable publishing houses and high-impact academic journals
to ensure they are relevant to the work reported here, in-depth,
and of high quality. The selected works have provided helpful
information about both traditional and modern methods, on
which the current study is based.

Facility layout planning (FLP) is crucial for enhancing the
efficiency of production processes and ultimately improving the
overall performance of any industry. According to Pérez-Gosende
et al. (2021), the arrangement of resources is a strategic choice that
significantly affects the efficiency of the workforce on the shop floor,
the time required to complete tasks, and the amount of energy used.
Layout design is important not only for traditional manufacturing
but also for dynamic environments where flexibility and quick
response are important (Pérez-Gosende et al., 2020).

Monga and Khurana (2015) conducted a thorough study on the
evolution of strategies for facility layout over time. The authors have
stressed that in all types of businesses, the top priorities are
maximum utilisation of space and ensuring smooth workflow.
Peron et al. (2020) stated that digital FLP methods can help with
design efficiency and environmental and sustainability goals, as the
focus on digitisation and sustainability grows. The layout of the
facility is important not only for manufacturing but also for other
aspects. For instance, Mishra (2024) reported on its role in
healthcare services and emphasised the importance of a hospital
managing patient flow and utilising resources effectively. Rubbo and
Cecconello (2025) stated that changing the layouts can significantly
improve the operational throughput in the Beverage
Machinery sector.

Amar and Abouabdellah (2016) also developed a method to
check the reliability of a layout design. They reported that a well-
structured evaluation can improve both performance and safety. All
of the aforementioned studies support the idea that Facility Layout
Planning (FLP) is more than just placing machines in the right
locations. It also means ensuring that the layout strategy aligns with
the organisation’s broader goals, such as productivity, flexibility, and
sustainability.

2.1 Traditional andmodern layout evaluation
techniques

The approach to evaluating facility layouts, along with the tools
involved, has changed considerably over the years. They have
transformed from simple trial-and-error methods to more
structured, model-driven approaches/tools. Ahmad et al. (2004)
divided the main parts of layout planning into preferences,
constraints, and evaluation goals. This set the stage for more
analytical methods to be involved in layout planning.

One of the most well-known, old-fashioned methods of layout
planning is known as the Systematic Layout Planning (SLP). Jasrotia
and Sengottaiyan (2024) discussed how the SLP method works
appreciably well for changing the layouts of buildings to meet
today’s standards and benchmarks. Gao et al. (2023) took a step
further by combining SLP with a simulation tool, particularly in
agriculture, to enhance process efficiency and optimise resource
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utilisation. Liu and Zhao (2015) also discussed the importance of
SLP for planning logistics centres.

In the last few years, a clear trend has been observed towards
using more advanced decision-making methods in modern practices
(Ojha et al., 2024; Kumar et al., 2024; Basu et al., 2024; Sharma et al.,
2024; Rani et al., 2023; Bhatia et al., 2024). Shahin and Poormostafa
(2011); Singla, 2025), for example, combined simulation techniques
with quality tools to make better layout decisions. This demonstrates
how computational tools can be used in conjunction with qualitative
assessments. Sharma and Singhal (2016) also used MCDM
evaluation techniques to analyse different layout options. Thus,
from these studies, it can be inferred that combining systematic
models with mathematical approaches not only enhances the
efficiency of the layout but also facilitates a more transparent
decision-making process.

2.2 Use of FAHP and TOPSIS in facility
layout planning

The Fuzzy Analytic Hierarchy Process (FAHP) is a valuable tool
for planning building layouts, particularly when uncertainties exist
or expert opinions are unreliable. Lin andWang (2019), for instance,
demonstrated how FAHP can enhance the design of operating
rooms in healthcare by considering the reliability of personnel.
Rodriguez and Oliveira (2022) also combined FAHP with
VIKOR to enhance Systematic Layout Planning (SLP) (SLP),
resulting in a multi-dimensional evaluation model.

Suman et al. (2021) employed FAHP to determine the optimal
locations for facilities in the Bangladeshi furniture industry,
demonstrating its applicability in various contexts. Agarwal and
Singholi (2018) also analysed different combinations, such as AHP-
TOPSIS and FAHP-FTOPSIS. They found the FAHP-based
methods to be more flexible and accurate. In 2017, Sharma and
Singhal used the fuzzy TOPSIS method to choose a procedural
approach for layout design. In 2024, I_nce and Taşdemir employed a
hybrid FAHP method to plan furniture sector activities, utilising the
CORELAP tool for support. These and many other studies
demonstrate that FAHP can be utilised independently or in
conjunction with other tools and methods. This makes it a highly
flexible method for dealing with subjective data in various fields,
including decisions about facility layout.

The TOPSIS method is a proven and effective approach for
making decisions with multiple criteria. Its main objective is to
determine the best option by analysing how far each option is from
both the best and worst solutions. Ding developed an early model in
2011 that utilised fuzzy data in TOPSIS, making it particularly
valuable in situations where information was unclear. In 2010, Torfi
and his team created a hybrid model that combined Fuzzy AHP and
TOPSIS. This demonstrated that it could weigh and rank options
simultaneously.

In a recent study by Alshamrani et al. (2023), a new approach to
sustainability in renewable energy was developed, called the BWM-
TOPSIS-I hybrid approach. Li et al. (2023) employed an NR-
TOPSIS-based method that integrated simulation and entropy
weighting to enhance the layouts of container terminals. The
flexibility of the TOPSIS method was utilised by Liu et al. (2024)
in their application to the layouts of construction project sites.

Sirbiladze et al. (2021) developed a selection index that utilises
fuzzy TOPSIS to aid in planning emergency facilities. Dresanala
et al. (2023) demonstrated the effectiveness of TOPSIS in
conjunction with traditional layout methods by integrating it
with systematic layout planning, thereby achieving a sustainable
layout design (Firouz et al., 2025).

2.3 Application of the entropy method

The entropy method is a popular approach for determining
objective weights in MCDM problems, particularly when dealing
with data that changes without human bias. Van Dua et al. (2024)
demonstrated the value of the method in selecting materials by
combining it with other objective weighting methods to enhance
consistency.

According to Libório et al. (2024), entropy enhances the
utility of composite indicators when they are combined with
an expert opinion. Ali et al. (2024) employed Shannon entropy in
conjunction with fuzzy VIKOR to rank risks in industrial
experiments as part of their risk assessment work. Similarly,
Shemshadi et al. (2011) demonstrated the use of entropy in
supplier selection, providing a clear example of its
applicability beyond layout planning.

Wu et al. (2022) looked at the differences between entropy and
principal component analysis and concluded that entropy is better at
making weight assignments clearer. Wang et al. (2022) employed
this method to assess transportation sustainability, while Balcerzak
(2020) applied entropy with TOPSIS to evaluate institutional quality
across EU countries. These examples demonstrate that entropy
weighting is a flexible and reliable method for objectively
evaluating various decision-making scenarios. Table 1 represents
a summary of the literature review conducted for the work presented
in this scientific journal.

3 Research methodology

This section focuses on the hybrid decision-making framework
employed in the study, which comprises the Fuzzy Analytic
Hierarchy Process (FAHP), Entropy weighting, and the
Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS). There are three main steps to the approach: using FAHP
and Entropy to figure out the weights of the criteria, followed by
using TOPSIS to compare different layout options. Using both
subjective (FAHP) and objective (Entropy) weights provides a
fair and accurate assessment of options.

3.1 Identification of criteria and alternatives

Based on expert discussions and observations from the
industrial cases, three qualitative criteria were identified as critical
in layout planning:

• Flexibility of the layout (C1): how well the layout can adapt to
changes in production needs, material flow, and the
arrangement of equipment.
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• Shop Floor Utilisation (C2): Making the best use of the
available floor space, including space for moving around,
expanding, and moving materials.

• Ergonomics (C3): The design of the workplace that makes it
easier to supervise workers, keeps them safe and
comfortable, and reduces physical strain while increasing
productivity.

Five layout alternatives (L1 to L5) were considered, each
representing a distinct arrangement of machines and departments
within the existing floor area.

The choice of just three qualitative criteria was not random. It is
required to be focused and clear about the expectations of expert
evaluation. The criteria, such as Layout Flexibility, Shop Floor
Utilisation, and Ergonomics, were established by conducting

TABLE 1 Tools and techniques used by researchers.

S.No Authors’ name Year Technique used/Work done or findings

1 Pérez-Gosende et al. 2021 Comprehensive review of facility layout planning literature

2 Monga and Khurana 2015 Review of fundamental FLP concepts and goals

3 Pérez-Gosende et al. 2020 Layout planning as part of sustainable strategies

4 Peron et al. 2020 Digital approaches to facility layout planning

5 Amar and Abouabdellah 2016 Evaluation framework for layout design effectiveness

6 Mishra 2024 Application of layout planning in healthcare

7 Rubbo and Cecconello 2025 Layout modification in job shop manufacturing

8 Ahmad et al. 2004 Review of layout modeling techniques

9 Sharma and Singhal 2016 Evaluation of layout alternatives using MCDM

10 Shahin and Poormostafa 2011 Integration of simulation and quality tools in layout optimization

11 Jasrotia and Sengottaiyan 2024 Use of SLP for improving plant layout

12 Gao et al. 2023 SLP and simulation integration for layout design

13 Liu and Zhao 2015 SLP-based logistics center layout

14 Lin and Wang 2019 FAHP-based planning in healthcare facilities

15 Rodriguez and Oliveira 2022 FAHP and VIKOR integration with SLP

16 Suman et al. 2021 FAHP for facility selection in the furniture industry

17 Agarwal and Singholi 2018 FAHP-FTOPSIS for layout performance analysis

18 Sharma and Singhal 2017 Fuzzy TOPSIS in procedural layout selection

19 İnce and Taşdemir 2024 Hybrid AHP-CORELAP in furniture layout planning

20 Van Dua et al. 2024 Entropy method in materials selection

21 Libório et al. 2024 Use of entropy with expert judgment

22 Ali et al. 2024 Risk analysis using fuzzy VIKOR and entropy

23 Shemshadi et al. 2011 Entropy for supplier evaluation

24 Wu et al. 2022 Comparative analysis of PCA vs entropy

25 Wang et al. 2022 Road transport sustainability using entropy weighting

26 Balcerzak 2020 Institutional performance analysis using entropy-TOPSIS

27 Ding 2011 Fuzzy TOPSIS development

28 Torfi et al. 2010 Hybrid Fuzzy AHP–TOPSIS method

29 Alshamrani et al. 2023 Integrated BWM–TOPSIS for renewable energy analysis

30 Li et al. 2023 Simulation and entropy-based NR-TOPSIS for terminal layout

31 Liu et al. 2024 TOPSIS for construction site layout

32 Sirbiladze et al. 2021 Fuzzy TOPSIS for emergency service facility planning

33 Dresanala et al. 2023 Integrated SLP and TOPSIS for sustainable layout design
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preliminary interviews with experts and identified as the main
drivers of the performance in the chosen industrial case.
Omitting factors may make the experiment cumulatively less
influential and result in a lower consistency of the comparisons
between pairs. Furthermore, the three criteria represent a significant
concern to the company: flexibility of operations, space utilisation,
and employee comfort, which have been mentioned among the key
points during previous audits. The criteria (C1: Layout Flexibility,
C2: Shop Floor Utilisation, C3: Ergonomics) were finalised based on
expert consultations and prior internal audits, which identified these
factors as the most critical to the company’s operational
performance.

3.2 Fuzzy Analytic Hierarchy Process (FAHP)

The FAHP was selected for this study because it incorporates
fuzzy logic into traditional AHP, allowing expert judgments to be
expressed with linguistic terms rather than precise numbers. This is
particularly useful in layout planning, where human evaluations are
often uncertain or subjective. The FAHP method is an expansion of
the common AHP involving the use of fuzzy logic to solve the
ambiguity and imprecision in human judgment. In real-life-based
decisions, such as in layout design, professionals will be very slow or
inconsistent in providing precise numbers in their preferences.
FAHP enables decision-makers to employ linguistic (e.g.,
moderately more important) variables that are transformed to
triangular fuzzy numbers (TFNs), denoting the scope of the
uncertainty.

This research has followed the extent analysis technique of
Chang wherein fuzzy synthetic extent measures are calculated per
criterion. The following steps are:

Step 1: Hierarchical Structuring - the decision goal (optimal
layout selection) has been prioritised to the top level,
criteria (C1C3) at the middle level and layout
alternatives (L1,L5) at the bottom level.

Step 2: Fuzzy Pairwise comparison matrix- Experts were asked
to compare criteria in linguistic terms, which were
converted into TFNs (see Table 2). Symmetric fuzzy
numbers (such as (2,3,4) in moderately more
important) make it easy to perform the calculation
and spreads on both sides of the central point. To
remain consistent with the Saaty scale, the terminal
linguistic set was defined as (9, 9, 9). This choice avoids
extrapolation beyond the scale and reduces ambiguity
at the upper bound.

Step 3: Calculation of Fuzzy Synthetic Extent Analysis-
Performed comparison extent analysis with each of the
fuzzy comparisons to obtain relative importance.

Step 4: Defuzzification and Normalisation- Final weights were
obtained after obtaining crisp values by use of the centroid
method and normalisation.

This method offers mathematical completeness and meaning by
having symmetric fuzzy sets. Doing so (keeping the lower and upper
bounds at the same distance as the modal value) makes the
comparisons easier. The comparisons become more

understandable and less biased, particularly in a group decision-
making scenario.

Experts use words like “equally important” and “moderately
more important” to compare criteria. These words are then turned
into triangular fuzzy numbers (TFNs). Table 2 shows the linguistic
scale below:

The fuzzy numbers in Table 2 are symmetric triangular fuzzy
numbers. Hence, the mode (supposedly accurate judgment) is at the
centre between the low and the high value. This symmetry eases the
process of comparison and depicts that the doubt of expert opinions
is balanced. Symmetric sets provide consistency in their respective
group decision-making, and less bias in their calculations might
occur in terms of overly-skewed calculations of preferences.

In the context of the current research, the expert contribution
was obtained throughsystematic interviewing and in situ
communication with experienced staff. Five experts working in
the production and planning departments in the plant were
chosen; they had at least 7 years of experience in layout
planning, operations, or ergonomics. These specialists were
requested to do two-by-two comparisons with the help of the
linguistic scale, which is presented in Table 2. The geometric
mean of the judgments was taken to build the fuzzy pairwise
matrixusingthe fuzzy AHP process.

3.3 Entropy weighting method

The entropy method is a set of methods that are based on
mathematical calculations to find objective weights according to the
level of information and variation in the dataset. In contrast to
FAHP, which makes use of human assessment, Entropy uses only
the variance of information in its alternatives. A criterion that allows
a wide range of differences between options contains more
information and consequently will have a greater average weight.

The following steps were applied:

Step 1: Construct the Decision Matrix: Using the raw scores
provided by experts for each layout across all criteria.

Step 2: Normalise the Matrix: Ensures uniformity by scaling the
data between 0 and 1.

Step 3: Calculate Entropy (Ej): Measures the uncertainty
associated with each criterion.

Step 4: Compute Degree of Diversification (dj = 1 – Ej): Captures
how varied the values are.

Step 5: Calculate Final Entropy Weights (wj = dj/∑dj): Higher
variation leads to greater weight.

TABLE 2 linguistic scale and respective fuzzy number.

Linguistic scale Triangular fuzzy number

Equally important (1, 1, 1)

Moderately more (2, 3, 4)

Strongly more (4, 5, 6)

Very strongly more (6, 7, 8)

Extremely more (9, 9, 9)
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Entropy weights indicate the original information provided by
each of the criteria in order to clarify the differences between
alternatives. Combining the FAHP (subjective expert judgment)
and the Entropy (objective variation) in the present research results
in a more balanced and reliable decision-making framework. An
illustrative example of the entropy weight calculation is provided in
Section 4.3 before Table 3.

3.4 Hybrid weight calculation

To ensure a balance between expert judgment and data-driven
analysis, the final weight for each criterion is calculated using a
simple average of FAHP and Entropy weights:

Wfinal � WFAHP +WEntropy( )/2

3.5 TOPSIS method for layout ranking

Using the final weights, TOPSIS ranks the different layout
options. The method includes:

Step 1: Make the Weighted Normalized Matrix

To get the final weight for each criterion, the normalized values
are multiplied by the final weight.

Step 2: Find the Positive Ideal Solution (PIS) and the Negative
Ideal Solution (NIS).

PIS is the best value for each criterion, and NIS is the worst.

Step 3: Find the Euclidean Distances between PIS and NIS

D+
i �

�����������∑ xij − x+
j( )2√

D−
i �

�����������∑ xij − x−
j( )2√

Step 4: Find the Relative Closeness (Ci)

Ci � D−
i

D+
i +D−

i

Step 5: Put the options in order of preference

Alternatives are ranked from highest to lowest based on their Ci
values. The layout with the highest Ci is thought to be the best.

3.6 Research flow and model architecture

The hybrid model suggested has an orderly pattern that is
predictable in the process of assessing the alternatives of layouts.
The flow of the localised research that was conducted in this study is
represented in Figure 6, as an FAHP, Entropy and TOPSIS method.
The steps are:

Step 1: Definition of Evaluation Criteria and Layout Alternatives

Three qualitative characteristics (Layout Flexibility, Shop Floor
Utilisation, Ergonomics) were chosen according to the consultation
with specialists.

Step 2: Weighting of criteria

The importance weights of criteria were determined with both
FAHP (subjective) and Entropy (objective) methods, which were
used separately.

Step 3: Calculation of Hybrid Weight

The results of the final criterion weights were obtained through
the average of FAHP and the Entropy values.

Step 4: TOPSIS Alternative Evaluation

The TOPSIS method was applied to the five alternatives of
layouts, considering the hybrid weights.

TABLE 3 Criterion and respective entropy weight.

Criterion Entropy weight

Layout Flexibility (C1) 0.61

Shop Floor Utilisation (C2) 0.28

Ergonomics (C3) 0.11

FIGURE 1
Research methodology flowchart.
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Step 5: Ranking and Validation

The ranking of layouts was done according to the scores
obtained using TOPSIS, and outcomes were verified by the
VIKOR method.

The flowchart (Figure 1) illustrates the integration of MCDM
techniques. FAHP (subjective weights) and Entropy (objective
weights) are applied independently to determine criterion
weights, which are then averaged to form the hybrid weights.
This ensures transparency in the process before applying TOPSIS
for ranking.

4 Case study and application

4.1 Problem description

To use the suggested FAHP–Entropy–TOPSIS framework, a small-
scale automotive parts manufacturing unit near Majholi village in
Himachal Pradesh, India, was selected for case study analysis. The
company manufactures precise parts for several tractor manufacturers
in the United States Over time, the management observed that
operations were not running as smoothly as they should have been.
For example, the production flow was inflexible, floor space was not
being utilised to its full potential, and it was challenging tomonitor what
was happening on the shop floor. The current layout of the facility was
to blame for these problems.

There are 15 sections in the production unit, each with
40 different machines. The shop floor is a rectangle that is 39 ×
25.2 m2. To address these issues, five different layout designs were
proposed: L1, L2, L3, L4, and L5. The goal was to rate these layouts
on three qualitative scales:

• Flexibility of layout (C1)
• Use of shop floor (C2)
• Ergonomics (C3)

FIGURE 2
Layout 1 for the selected industry.

FIGURE 3
Layout 2 for the selected industry.

FIGURE 4
Layout 3 for the selected industry.

FIGURE 5
Layout 4 for the selected industry.
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Figures 1–6 show these five layout options. In Figures 1–6, the
alphabets represent different machines and functional areas
within the facility. For clarity, the codes used in the figures
correspond to specific machines or sections as shown: L
(Lathe), G (Grinding), Gs (Gear Slotting), Gsp (Gear Shaping),
GTR (Gear Tooth Rounder), S, I (Store and Inspection), L1 (Extra
Space), C (CNC), Dr (Drilling), VMC (Vertical Milling
Machine), HMC (Horizontal Milling Machine), O (Office), M
(Milling), Bo (Boring), and Hb (Hobbing). This coding was used
consistently in all layout diagrams for simplicity and to maintain
readability.

Even though the present research does not formally
distinguish between make-to-order (MTO) and make-to-stock
(MTS) systems, the company in question presents the attributes
of a hybrid production model, as both custom components and
standardised ones are produced. Layout decisions are also
increasingly critical in such flexible environments because
batch sizes can change frequently, there is much retooling and
demand changes. To this end, the suggested layout structure will
support both these types of production flows as it incorporates
the nature of flexibility, space utilisation, and ergonomic
effectiveness.

4.2 FAHP-based criteria weight calculation

A group of five experts from the plant operations team used
triangular fuzzy numbers to compare the three criteria in pairs. The
FAHP-based weights that were obtained after fuzzy synthesis and
defuzzification (see Section 3.2 for more information on the
method) were as follows:

4.3 Entropy-based criteria weight
calculation

The normalised decision matrix was developed using
performance scores of each layout against the three criteria, based
on structured inputs from plant supervisors. Using entropy
calculations (as explained in Section 3.3), the following entropy
weights were derived: Table 3 shows the Criterion and respective
entropy weight. For illustration, the normalised decision matrix was
constructed using expert scores. Entropy values Ej were calculated
using Ej = –k Σ (pij ln pij), where pij is the normalised performance
of alternative i on criterion j and k is a constant. The degree of
diversification (dj) was then obtained as dj = 1 – Ej. Finally, the
entropy weights (wj) were derived by dividing dj by Σdj. For
instance, for Layout Flexibility (C1), the calculated entropy was
0.39, leading to dj = 0.61 and wj = 0.61.

4.4 Final weights (hybrid FAHP–Entropy)

The final hybrid weights for the three criteria, obtained by
averaging the FAHP and Entropy values, are:

4.5 Layout alternatives evaluation

Experts rated each of the five layout alternatives against all three
criteria using a scale of 1–9 (1 = worst performance, 9 = best). The
performance matrix is shown below (Table 4):

This matrix is then normalised, and each value is multiplied
by the corresponding final criterion weight to generate the
weighted normalised matrix, which will be used in the
TOPSIS method.

4.6 TOPSIS implementation

Using the normalised and weighted data, the following steps
are completed:

• Positive Ideal Solution (PIS): Best values in each criterion
• Negative Ideal Solution (NIS): Worst values in each criterion
• Euclidean Distances (D+ and D-): Distance from PIS and NIS
• Relative Closeness (Ci): Calculated for each layout

4.7 Interpretation of results

The TOPSIS analysis revealed that Layout 5 was the optimal
design, as it achieved the highest score in Layout Flexibility, which

FIGURE 6
Layout 5 for the selected industry.

Criterion FAHP weight

Layout flexibility (C1) 0.66

Shop Floor utilisation (C2) 0.24

Ergonomics (C3) 0.10

Criterion FAHP Entropy Final weight

Layout Flexibility (C1) 0.66 0.61 0.635

Shop Floor Utilisation (C2) 0.24 0.28 0.260

Ergonomics (C3) 0.10 0.11 0.105
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was the most significant factor in the decision-making model. It did
not do as well in terms of Shop Floor Utilisation and Ergonomics,
but its adaptability made it the best option overall.

Layout 3 came in second, doing well on all criteria, especially
Ergonomics. Layout 4 came in last, which means it might not be able
to meet the plant’s current needs.

5 Results and discussion

The findings of this study provide a structured and data-backed
method to choose the best layout for a small-scale manufacturing
facility. The proposed method combines FAHP, Entropy, and
TOPSIS to deal with both subjective expert judgments and
objective data variability. This makes the decision-making
process more balanced and reliable.

The Layout Flexibility received the most weight (0.635) of the
three chosen qualitative factors, which clearly highlights its
importance in the organisation. This indicates that the
company should be able to adjust its production schedules,
cater to the needs of individual clients, and relocate
machinery without requiring a complete reconfiguration of its
operations. Shop Floor Utilisation was the second most
important factor (0.260), which shows how important it is to
make good use of space for moving, storing, and possible growth.
From the point of view of worker safety and comfort, ergonomics
was the least important factor (0.105), which may have been
because the company was focused on manufacturing the finished
product as quickly as possible. Table 5 represents final TOPSIS
ranking. Using (9, 9, 9) for the terminal TFN produced negligible

changes in FAHP weights and did not affect the rank order
reported in Tables 6–8.

5.1 Layout ranking and performance

The TOPSIS method indicated that Layout 5 was the best choice,
as it had the highest relative closeness score (0.637). This layout did
not perform well in terms of Shop Floor Utilisation or ergonomics,
but it excelled in Layout Flexibility, which was the most important
factor. This result aligns with the company’s goal of minimising
production delays and enhancing flexibility in routing and machine
arrangements.

Layout 3 came in second place, achieving a balanced score on all
three criteria, and excelled in Ergonomics. If the organisation
decides to focus on worker-centred improvements or overall
balance in the future, this layout would be a good choice.

On the other hand, Layout 4 consistently scored low on all
criteria, which gave it the lowest overall rank. This illustrates the
importance of having a layout plan that does not make excessive
sacrifices in any one parameter. The term Ci represents the relative
closeness coefficient in the TOPSIS method, calculated as the ratio of
the distance of each alternative from the negative ideal solution to
the sum of its distances from both the positive and negative
ideal solutions.

Figure 7 shows the closeness rating of the different layouts. It can
be observed from the figure that Alternative 5 has the highest value,
and Alternative 4 has the lowest value.

Table 6 shows the final ranking, which was developed from the
Relative Closeness value. Each layout has been developed through
the SLP method, and from this table, it can be analysed that
alternative 5 is in the first position. The company’s existing
layout ranks third.

TABLE 4 Initial decision matrix (raw scores).

Layouts Layout
flexibility
(C1)

Shop floor
utilisation
(C2)

Ergonomics
(C3)

L1 5 9 3

L2 3 6 8

L3 5 9 9

L4 3 6 7

L5 9 2 2

L1–L5 represent the five alternative facility layout designs considered for evaluation.

TABLE 5 Final TOPSIS ranking results.

Layout D+ D- Relative closeness (Cᵢ) Rank

L1 0.320 0.284 0.470 3

L2 0.368 0.231 0.386 4

L3 0.252 0.297 0.541 2

L4 0.374 0.204 0.353 5

L5 0.198 0.347 0.637 1

TABLE 6 Final results.

Rank Layout

1 Layout alternative 5

2 Layout alternative 3

3 Layout alternative 1

4 Layout alternative 2

5 Layout alternative 4

TABLE 7 Comparison of layout rankings using TOPSIS and VIKOR.

Layout TOPSIS rank VIKOR rank

L1 3 3

L2 4 5

L3 2 2

L4 5 4

L5 1 1
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The results obtained from the current study have been
validated by implementing another MCDM approach. For this
purpose, the VIKOR technique has been used. To enhance the
strength of the results and authenticate those obtained through
the TOPSIS method, the same dataset was processed using
VIKOR. This technique is designed to discover a compromise
solution by balancing between the maximum group utility and
the minimum regret of the judgment maker. The final layout
ranking obtained using VIKOR is revealed in the table
below (Table 7).

The results were validated using the VIKOR method, which
produced a consistent ranking where Layout 5 also emerged as the
best alternative. This cross-method validation enhances the
reliability of the outcome.

The results of the VIKOR implementation verify the ascendancy
of Layout 5, which again came at the rank one among the available
layouts. Layout 3 also comes in second position, as indicated by the
TOPSIS results, which demonstrate its reliable performance
compared to both methods. On the other hand, it was observed
that for layouts 2 and 4, VIKOR ranked layout two as the least
enviable instead of layout 4.

Table 8 represents a summary of relative closeness scores and
the corresponding rankings to clarify the results.

It was found that there were some shifts in the lower-ranked
layouts (rank 4 and rank 5), while the top-ranked alternatives
remained unchanged (rank 1, rank 2, rank 3), which supports the
reliability of the decision-making model. This validation of the
results demonstrates that the final decision is not dependent on a
single method/technique and that the hybrid approach
implemented in this study is sound and repeatable. Figure 8
shows a comparison of the results. It also provides the
organisation with an extra level of confidence that the
recommended layout alternative 5 is robust under multiple
evaluation frameworks. The following diagram shows the
comparison of the ranks obtained from both the MCDM
techniques.

5.2 Practical implications

Making smart, efficient layout decisions is very important for
small-scale manufacturing businesses, especially those with limited
space and money. The suggested FAHP–Entropy–TOPSIS
framework lets decision-makers:

1. Take into account both human expertise and data variability,
2. Change the model as the priorities change (for example,

moving the focus from productivity to ergonomics), and
3. Compare options in an open manner by using structured logic.

The method can be used for more than just choosing a layout. It
can also be used for other complicated problems with many factors,
like deciding which equipment to prioritise, when to schedule
maintenance, or how to evaluate vendors. The results were
verified by comparing expert judgments through FAHP with the
data-driven Entropy values. The close agreement in criterion
rankings between both methods enhances confidence in the final
results. Moreover, the use of TOPSIS, which considers both ideal
and worst-case solutions, helps identify not only the best alternative

TABLE 8 Summary of layout scores and rankings.

Layout alternative Relative
closeness (Ci)

Rank
(TOPSIS)

Layout 1 0.470 3

Layout 2 0.386 4

Layout 3 0.541 2

Layout 4 0.353 5

Layout 5 0.637 1

FIGURE 7
Closeness rating of various alternatives.
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but also understand how far each alternative is from optimal
conditions.

The achieved hybrid FAHP Entropy TOPSIS model has a much
more systematic and repeatable structure in terms of decision-
making when compared to the design techniques currently
leveraged in traditional layout planning, which frequently are
based on judgment or a test-and-experimentation approach. It is
a mix of people’s experiences and objective evaluation. It minimises
bias and can be reapplied to assess plans forfuture layout or any
other management decision that involves the same type of multi-
criteria complexity. Although the case application in this study is
from the automobile parts industry, the proposed
FAHP–Entropy–TOPSIS framework can be applied to other
small- and medium-scale industries such as electronics, textiles,
or furniture manufacturing, where multiple criteria influence facility
layout decisions.

6 Conclusion and future scope

The paper introduces a hybrid model of decision-making
consisting of FAHP, Entropy, and TOPSIS with the aim of finding
a better layout selection in a small-scale manufacturing plant.
The strategy addressed three qualitative variables considered
important for the shop floor’s performance: flexibility of
layouts, space, and ergonomics. A car parts manufacturing
unit that was experiencing problems with space utilisation,
adaptability, and operational inefficiencies examined five
different layout options.

The results showed that Layout 5 was the best choice because it
was the most flexible, as determined by expert evaluation and
entropy-based analysis. Even though Layout 5 did not perform as
well on other tests, it was a good choice for a production
environment that required frequent changes and
dynamic workflows.

The proposed model successfully balanced human intuition and
quantitative rigour by using fuzzy logic, objective weighting, and
proximity-based ranking. It provided a structured method that can
be used to solve various decision-making problems in
manufacturing and other fields where multiple qualitative and
quantitative criteria are present.

6.1 Limitations

Although the presented model offers a ready-made and
systematic approach to facility layout, its limits should be
critically analysed. On the one hand, the study only examined
the qualitative dimensions of the indicators of space organisation
(flexibility, use and utilisation, and ergonomics), rather than the
quantitative parameters of the production flow, distance, or
price. Secondly, it is a single case study that used the model in
the automotive parts industry. This can be a limitation regarding
the findings, as it may be difficult to synchronise with other
industrial sectors. Moreover, despite the use of fuzzy logic, there
can still be certain subjectivity in the expert inputs, which are
valuable but not entirely objective. Even though fuzzy logic is
designed to manage uncertainty through graded truth values, the
construction of those rules and membership functions still relies
heavily on expert judgments. The above limitations represent
areas in which future studies can be conducted to expand the
model’s applicability.

6.2 Future scope

The work presented in this study has a significant potential for
further development and refinement through subsequent research:

• Adding Quantitative Factors: Future studies could use
measurable data like throughput time, material flow
cost, and distance travelled to make a more complete
assessment that includes both qualitative and
quantitative factors.

• Sensitivity Analysis: Performing a sensitivity analysis on
the weights of the criteria could helpdetermine how
changes in importance affect the final rankings of
layout options.

• Comparison with Other MCDM Methods: To validatethe
strength and consistency of the results, one could use and
compare other models like VIKOR, COPRAS, or Grey
Relational Analysis.

• Real-time Implementation: The chosen layout can be put into
action on the shop floor, and then performance metrics can be
tracked to make sure that the decision made by the proposed
framework was the right one.
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