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The main objective of this research is to select an admirable Material Handling Equipment based on
gleaned subjective properties. The researchers built a multi-index MHE evaluation module by con-
necting the general and momentous properties of material handling, which are in vogue in industrial
and manufacturing firms and are driving the MHE selection arena. The present study pivots towards
developing a competent approach that offers an efficient decision-support framework for managers of
industrial and manufacturing firms to evaluate and benchmark the noteworthy MHE amongst available
alternatives, operationalised through a built-analogous module. The Grey-TOPSIS approach, which
is principally developed by fusing Grey Set Theory and the TOPSIS technique, is employed in this
study to develop a conceptual framework for material handling equipment based on qualitative indices.
The present study provided a platform that effectively grasped the experts’ lingo and offered chains
of subjective properties for evaluating MHEs. The presented approach is built on a multi-index MHE
platform, making it easily adopted by firms that prefer an evaluated Material Handling System over
their preferred indices. The application of grey set theory is presented in the technical domain of MHE,
and the TOPSIS technique is used in this study. It is found that MHE encompasses certain input char-
acteristics that, in turn, contribute to pollution and declining ecological performance; thus, the present
study selects an admirable MHE alternative that can efficiently capture inputs that reproduce ecological
performance as output. Firms can easily implement the proposed DSF because it is presented as a set
of subjective MHE indices and can be technically applied in other decision-making fields that consider
subjectivity.

© SEECMAR | All rights reserved

1. Introduction.

Material Handling Equipment (MHE) are needed for schedul-
ing manufacturing actions, satisfying warehousing requirements,
meeting customer demands, meeting fabrication requirements,
fulfilling assembly component requirements, etc. The commer-
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cial objective of increasing revenue can be achieved by select-
ing noteworthy Material Handling Equipment for industrial and
manufacturing firms. MHEs are required in industrial and man-
ufacturing plants to hold and transfer inventories in the form of
loose or bulk inventories, from the indicated origin to their in-
tended destination. Material handling can account for 30–75%
of the total cost, and by developing a proficient material han-
dling system, firms’ operating costs can be reduced by 15–30%
(Kulak, 2005). MHEs are used in numerous activities, e.g.,
dumping materials, storing inventory, and transferring materi-
als in various ways across different manufacturing operations.
MHEs are mechanical arms, which are exploited to transmit nu-
merous varieties of raw materials, semi-finished products, and
finished goods from one point to another. They are usually used
for travelling within in-house or outdoor spaces within the plant
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or warehouse (Ataeepour and Baafi, 1999; Castillo and Peters,
2002; Furmans, 2015). They support numerous manufactur-
ing activities, including changing the size, form, and shape of
materials, as well as fabrication and assembly processes in the
manufacturing plant. These mechanical arms emit smoke and
gases that contribute to environmental pollution and pose a dan-
ger to society. Selecting appropriate MHE by measuring per-
formance indices can help reduce environmental pollution and
inform the development of ecological indices for MHE alterna-
tives. Chakraborty and Banik (2006) defined chains of material-
handling equipment indices and applied the Analytic Hierarchy
Process (AHP) to determine the practical MHE based on their
defined indices.

The firm can use this study to enhance environmental per-
formance by adopting eco-friendly MHE criteria and alterna-
tives in place of the proposed DSF. In this study, the general and
momentous MHE properties are identified to develop a practi-
cal MHE appraisal module and to outline a logical approach to
evaluating the performance of MHE alternatives. Egbelu and
Tanchoco (1984) defined an Automatic Guided Vehicle (AGV)
as material-handling equipment and categorised it as an Au-
tomatic Material Handling System (AMHS). They found that
automated guided vehicles can be used effectively to transport
goods over discrete distances. They studied the responses of
AGVs in a job-shop manufacturing environment to assess their
potential power. Sahu et al. (2017) highlighted the criteria for
MHEs, considering fiscal and ecological aspects, and drafted
an appraisal platform to select appropriate material-handling
equipment. They appraised the arena of MHE and supplied
some universal MCDM techniques that can be used to choose
MHEs for a particular application.

Nguyen et al. (2016) modelled Multi-Criteria Decision Mak-
ing (MCDM) podiums using fuzzy AHP and fuzzy ARAS (Ad-
ditive Ratio Assessment) techniques to evaluate a conveyor sys-
tem for material transfer. They identified factors related to er-
gonomics and restructuring ability and assessed their impor-
tance in the decision-making process for evaluating the con-
veyors’ material-handling system. They found that a conveyor
system can improve the performance of flexible manufacturing
cells (FMCs) and defined sets of qualitative and quantitative
criteria for evaluating potential MHE substitutes. Karande and
Chakraborty (2013) developed a functional platform based on
MCDM techniques to appraise the MH system. They adopted
the companies’ experts’ advice for identifying the quantitative
and qualitative standards for MHEs. They identified load ca-
pacity, reliability, energy consumption, cost, etc., as quantita-
tive standards, while environmental hazard, environmental per-
formance, safety, load, shape, type, etc. as qualitative stan-
dards, which are needed to fabricate a functional DSF about
MHEs. Karande and Chakraborty (2013) applied the weighted-
utility additive approach to the aforesaid standards to address
decision-making problems about MHEs. Onut et al. (2009)
suggested using fuzzy logic to resolve the MHE evaluation prob-
lem.

Mohsen and Hassan (2010) conducted a literature review to
highlight the economic and green aspects of satisfying an MHE
skeleton. They suggested developing the decision-maker’s ca-

pabilities to approve the paramount MHE. Chan (2002) devel-
oped an intelligent material handling equipment selection sys-
tem, i.e., a knowledge-based expert system called MHESA (Ma-
terial Handling Equipment Selection Advisor), for selecting and
configuring a material handling system. He used the AHP tech-
nique to determine the most favourable MHE. Tuzkaya et al.
(2010) employed the fuzzy ANP (F-ANP) method to determine
the weightings of the selection criteria for MHEs.

Additionally, they employed the fuzzy-PROMETHEE (F-
PROMETHEE) method to evaluate MHE substitutes for a man-
ufacturing company. In many manufacturing firms, robots are
referred to as MHEs because they can transfer materials from
one location to another. Datta et al. (2013) identified fiscal and
environmental measures and presented a robust MCDM frame-
work for benchmarking industrial robots. They highlighted the
use of the MULTI - MOORA (Multi-Objective Optimisation
by Ratio Analysis) technique. They implemented MULTI -
MOORA within their built MCDM platform to identify the most
suitable industrial Robot (MHE).

Additionally, Sahu et al. (2018c) presented an approach
based on a fuzzy weighted geometric aggregation operator to
appraise industrial robots (MHE). Sen et al. (2016) demon-
strated the utility of PROMETHEE (preference ranking organi-
sation method for enrichment evaluations) for solving robot se-
lection problems, using both objective and subjective evaluation
data.

Hadi-Vencheh and Mohamadghasemi (2014) defined fuzzy
weights for MHE criteria based on opinion grades: very low,
low, moderate, high, and very high importance. They applied
the VIKOR technique to select the most favourable MHE sub-
stitute. Maniya and Bhatt (2011) employed AHP to identify
the relative importance of elected measures for evaluating Au-
tomatic Guided Vehicles (AGVs) and to determine their relative
significance. They discuss an Extended-Grey Relational Anal-
ysis (E-GRA) methodology to classify the noteworthy AGV al-
ternatives. Deb et al. (2002) used fuzzy theory to model the
performance of MHEs. They assembled an MCDM framework,
along with fiscal and green measures, to assess the performance
of material-handling equipment. Fuzzy theory is implicated in
their work to define the appropriateness ratings assigned by de-
cision makers.

Additionally, a literature review is conducted within the fra-
mework of grey set theory to assist in identifying and devising
a comprehensive DSF that accommodates the inconsistent in-
formation provided by experts regarding indices. In this study,
the authors have effectively applied grey set theory to reduce in-
complete information provided by decision experts efficiently.
The concept of grey theory is employed in this work to approx-
imate probabilistic thinking, as it provides a probabilistic view
of the system, which helps explore and derive necessary out-
comes. Liu et al. (2014) and Wua and Liu (2009) explained
the operational view of applying grey set theory to a system un-
der vagueness and incomplete information. Sahu et al. (2012)
extended the application of grey set theory in decision-making.
They devised the grey-TOPSIS & Grey-COPRAS approaches,
which they concurrently applied to address the supplier selec-
tion problem. The concepts of grey numbers are exploited in
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their work to develop decision models for green supply chain
management. Liu et al. (2015a) employed grey theory to de-
velop an appraisal index for defining supplier performance at
the Commercial Aircraft Corporation of China Ltd (COMAC).
They applied grey theory at the production and development
stages and developed a grey cluster evaluation model to esti-
mate the performance of five significant related vendors broadly.

Liu et al. (2015b) proposed a grey Verhulst model to im-
prove the system’s prediction accuracy, developed based on its
existing characteristics. Hashemi et al. (2015) applied the grey
relational analysis method, along with the Analytic Hierarchy
Process (AHP), in a case study of the automotive industry to
evaluate decision criteria for supplier selection. Sahu et al.
(2014) employed grey concepts to develop an MCDM frame-
work for benchmarking computerized numerical control ma-
chine tools. They represent the procedural steps for implicating
their proposed study through a numerical case based on grey
numbers. Guo (2007) modelled stopping times using grey dif-
ferential equations and developed a methodical grey equation
system for imperfectly repaired systems. Li et al. (2015) ap-
plied grey concepts and an improved grey clustering technique
to develop a logical grey system theory for characterizing the
system. Sahu et al. (2018a) amalgamated grey sets theory with
the DEMATEL (Decision-Making Trial and Evaluation Labo-
ratory) technique and extended its application by developing a
Grey-DEMATEL approach to identify the significant enablers
responsible for producing electronic waste through the replace-
ment of working mobile phones. Luo et al. (2015) extended
the applicability of grey theory and developed the theory of
grey analysis to address the practical challenges encountered
across numerous application fields. Guo and Guo (2009) ex-
tended the application of grey theory and provided an appro-
priate mathematical foundation for grey concepts by projecting
grey modelling onto fuzzy credibility measure theory. Sahu et
al. (2018b) applied a grey-based scorecard model to the chains
of macro-micro parameters and their hierarchical structure to
describe the performance and extent of fruit supply bazaars
(FSBs). Wang et al. (2016) found that grey theory possesses
strong capabilities to reduce uncertainty and inconsistency in
the collected information.

The authors also reviewed the literature on TOPSIS tech-
niques for devising a momentous DSF. James and Chen (2015)
extended the application of the TOPSIS methodology and mer-
ged it with AHP to deliver an index-based approach for eval-
uating green suppliers. They presented a two-step procedure
in which AHP is used in the first step to shape priority impor-
tance, and TOPSIS is used in the second step to decode sup-
plier rankings. Sahu et al. (2016) employed a modified TOPSIS
method with interval-valued fuzzy numbers to assess the impor-
tance of the TOPSIS methodology in selecting the most appro-
priate supplier firm with agile attributes. Mandic et al. (2015)
presented the application of the TOPSIS technique by connect-
ing it with fuzzy logic and interpolative Boolean algebra. They
investigated whether decision makers can successfully incorpo-
rate their reasons into multi-attribute decision-making problems
using interpolative Boolean algebra. The case of telecommuni-
cations equipment, which has numerous attributes, is solved by

them to demonstrate the effectiveness of their work. Kannan et
al. (2014) presented the application of the TOPSIS method to
the decision-making process in supplier selection. They present
a fuzzy-based methodology that integrates TOPSIS techniques
to enhance decision-making for a Brazilian electronics com-
pany. They grouped the green measures from 12 existing sup-
pliers to propose applying the Fuzzy-TOPSIS approach to deci-
sion - making. Zeng and Xiao (2016) amalgamated the TOPSIS
technique with intuitionistic fuzzy sets to sort out the multiple-
criteria decision-making dilemmas and presented the applica-
tion case of the investment selection to demonstrate the appli-
cability of their proposed approach. Matawale et al. (2016)
verified the Fuzzy-MOORA and Fuzzy-TOPSIS schemes for
selecting worthy suppliers by manufacturing firms. They illus-
trated the sequence of technical steps required to execute the
Fuzzy-TOPSIS and Fuzzy-MOORA methods in an empirical
case study. Metaxas et al. (2016) and Prabhu et al. (2020)
combined the TOPSIS and AHP techniques with Fuzzy logic
to evaluate performance. As a result, the authors found that
the TOPSIS method produces robust results, and grey set the-
ory can efficiently handle incomplete information. Thus, in
the present work, the authors developed a DSF by integrating
TOPSIS with grey set theory in the application domain of ma-
terial handling equipment. Thus, the Grey-TOPSIS approach is
employed in this study to develop a conceptual framework for
material-handling equipment.

2. Problem Definition and Discussions.

System modelling can assist in precisely representing its
prevailing behaviour (Yang and Tzeng, 2011). The authors
found that the dynamic character of any system can be defined
by modelling, and that modelling can be efficiently prepared by
probabilistic thinking (Guo, 2007). Furthermore, probabilis-
tic thinking helps recognise noteworthy possible choices, and it
can be prepared using grey set theory. The variety of choices
exists in modern approximation theory, which can be used to
define probabilistic thinking, i.e., fuzzy thinking, grey think-
ing, other rough-set thinking, etc. (Guo, 2007). The conception
of grey thinking is employed in this work to approximate prob-
abilistic thinking. The authors found that significant work is
needed to review and select appropriate handling equipment for
admirable materials, which may include a Multi-Indices Deci-
sion Making (MIDM) platform under discrete and incomplete
information.

Saputro et al. (2015) reported that the high diversity of
MHE categories and types available for executing industrial
work introduces complexity in decisions regarding MHE se-
lection. It is found that MHEs are important to manufacturing
and industrial firms, as they can significantly increase firms’
revenues. Additionally, the majority of research has employed
fuzzy set theory to address subjectivity in decision-making. It is
also found that the researchers have conducted a low level of re-
search, which has implicated grey set theory in the application
domain of material handling equipment.

The authors found that decision-making and excellence in
it are responsible for effective monitoring and utilization of the
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system (Čančer and Mulej, 2013; Sen et al., 2015; Qin and Liu,
2016; Yadav and Sharma, 2015; Nishad et al., 2025), and this
can be done by building an effective DSF. Consequently, in this
study, the authors framed a DSF using a mathematical compu-
tational procedure based on grey set theory to review the per-
formance of MHEs under chains of gleaned subjective indices.
The Grey-TOPSIS approach is employed in this study to de-
velop a conceptual framework for MHEs using qualitative in-
dices. The present study provided a platform that effectively
grasped the experts’ lingo and offered a chain of subjective in-
dices for evaluating MHEs.

In numerous works, authors observed that researchers have
adopted poor subjectivity and developed unsophisticated deci-
sion - making tools to expose the technical conception of ap-
praising MHEs. Thus, the authors developed an appraisal plat-
form and coupled it with grey set theory and the renowned TOP-
SIS methodology to practically handle imperfect information
in selecting an admirable MHE. The developed Grey-TOPSIS
approach demonstrates the ability to deliver admirable MHE.
The presented approach is built on a multi-index MHE plat-
form, making it easily adoptable by firms that prefer an evalu-
ated MHS over their preferred indices. Additionally, the present
framework can be utilized by firms to preserve ecological per-
formance, which can be achieved only by identifying eco-friendly
MHE criteria to be mounted over the proposed DSF, as demon-
strated by the authors in this study.

3. Grey Sets Theory (GysT) and Its Mapping.

The information obtained from the working system is gen-
erally incomplete and vague; thus, to track it, non-deterministic
datasets are formed. Non-deterministic data sets can help ex-
press the essence of complete information by capturing the in-
complete ones. The degree of uncertainty or incompleteness
can be assessed using Grey set theory. GysT assists in repre-
senting a course of information in the form of a grey degree.
This GysT is a valuable means that can handle uncertainty in
decision tribulations under discrete data and incomplete infor-
mation (Liu et al., 2011; Mishra et al., 2013; Li et al., 2023).
The fundamental concept of GysT is offered by Deng (1982);
a few statements holding the relevant mathematical framework
of GysT are as follows (Deng, 1982):

Statement 3.1: GysT is an option to represent the uncer-
tainty and vagueness in the systems. Let X represent the uni-
versal set, then a grey set (Gys) of X is usually defined by two
mappings: µ̄Gy(x) : x→ [0, 1]

µ
Gy

(x) : x→ [0, 1]
(1)

µ̄Gy(x) ≥ µ
Gy

(x), x ∈ X, X = R, where µ̄Gy(x) and µ
Gy

(x) are
the upper and lower membership functions in Gys, respectively.
When µ̄Gy(x) = µ

Gy
(x), then Gys becomes a fuzzy set; thus Gys

possesses a state of fuzziness and can flexibly handle fuzziness
situations.

Statement 3.2: A grey system holds uncertain information
in the form of grey numbers and grey variables. GysT relo-
cates the system’s functional characteristics into mathematical
behaviour as grey numbers (Xie et al., 2011).

Statement 3.3: In the grey set, the precise values are uniden-
tified, while the upper and lower bounds are approximated. Gen-

erally, a grey set is indicated as
(
⊗Gys = G

∣∣∣µ̄Gy

µ
Gy

)
.

Statement 3.4: Gys is branded as a lower limit grey num-
ber if no more than the lower edge of Gys is probably approxi-
mated.

⊗Gys =
[
µ

Gy
,∞

]
(2)

Statement 3.5: Gys is branded as an upper limit grey num-
ber if no more than the upper edge of Gys is probably approxi-
mated.

⊗Gys =
[
−∞, µ̄Gy

]
(3)

Statement 3.6: If the lower and upper confines of Gys are
approximated, in that case Gys is defined as an interval grey set
(⊗Gys).

⊗Gys =
[
µ

Gy
, µ̄Gy

]
(4)

Statement 3.7: For a ⊗Gys =
[
µ

Gy
, µ̄Gy

]
; the corresponding

whitened value Gys(λ) can be found as follows (Liu and Lin,
2006):

Gys(λ) = λµGy
+ (1 − λ)µ̄Gy (5)

Here, λ is known as the whitening coefficient, as λ ∈ [0, 1];
it depends on the proximity with the lower and upper confines.

Statement 3.8: The basic operations of grey sets ⊗Gys1 =[
µ1

Gy
, µ̄1

Gy

]
& ⊗Gys2 =

[
µ2

Gy
, µ̄2

Gy

]
are expressed as:

⊗Gys1 + ⊗Gys2 =

[
µ1

Gy
+ µ2

Gy
, µ̄1

Gy + µ̄
2
Gy

]
⊗Gys1 − ⊗Gys2 =

[
µ1

Gy
− µ2

Gy
, µ̄1

Gy − µ̄
2
Gy

]
⊗Gys1 × ⊗Gys2 =

[
µ1

Gy
µ2

Gy
, µ̄1

Gyµ̄
2
Gy

]
⊗Gys1 ÷ ⊗Gys2 =

[
µ1

Gy
, µ̄1

Gy

]
×

 1
µ2

Gy

,
1
µ̄2

Gy


(6)

Statement 3.9: The signed distance amongst⊗Gys1 &⊗Gys2

can be computed by the signed difference between its centres
using Equation 7 (Sahu et al., 2014):

d
(
⊗GyS 1,⊗GyS 2

)
=
µ1

Gy − µ
1
Gy

2
−
µ2

Gy − µ
2
Gy

2

=
1
2

[(
µ1

Gy − µ
2
Gy

)
+

(
µ1

Gy − µ
2
Gy

)]
.

(7)

In the last few decades, firms have been pressured by leg-
islation to address ecological deficits arising from their oper-
ations. Thus, the present framework can also be utilized by
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the firm to preserve ecological performance by identifying eco-
friendly MHE criteria and alternatives to be incorporated into
the decision support framework presented by the authors in this
study.

4. Significance of the Present Work.

MHEs reciprocate an important role in designing a valuable
manufacturing system (Kulak, 2005). Hadi-Vencheh and Mo-
hamadghasemi (2014) found that MHEs’ evaluation cases usu-
ally involve a finite number of substitutes, each surrounded by
diverse quantitative or qualitative criteria or sub-criteria. Hadi-
Vencheh and Mohamadghasemi (2014) disclosed that the mate-
rial handling system has a significant impact on the efficiency of
a manufacturing system. Thus, in this work, the authors served
as the decision platform and highlighted the selection process
for a noteworthy MHE alternative amongst favoured choices,
operating under gleaned subjective indices. The subjective in-
dices are derived from the literature review to evaluate the tech-
nical domain of MHEs using the MCDM technique and grey set
theory. The authors found that MHEs are liable for contribut-
ing to environmental pollution and for generating fiscal gains
for firms. It is also found that the researchers have performed
low-level work, which has encircled MHEs within the Multi-
Indices Decision Making (MIDM) process. It is also found that
the present DSF, built under discrete and incomplete informa-
tion, is subjective and unsophisticated. The authors found that
significant work is needed to review and select the admirable
MHE, which encompasses decision-making under imperfect in-
formation.

It is also found that MCDM techniques can handle deci-
sion dilemmas involving chains of indices. Thus, the authors
identified the general and momentous indices and developed
an appraisal platform in alliance with grey set theory and the
renowned TOPSIS methodology to practically reduce imperfect
information in selecting an admirable MHE. Purchasing MHE
requires a robust decision-making framework, given the diverse
functions required by industrial and manufacturing firms.

The constant requirements of industrial and manufacturing
firms can be fulfilled by distinguishing the material-handling
equipment available in the marketplace. Various types of ma-
terial handling equipment are available in the marketplace and
perform different functions. Thus, it will be beneficial to the
firms if the available functions and alternative MHE are eval-
uated against their requirements. Thus, the present study pro-
vided a DSF for the concerned firms to select the best-suited
MHE alternative for their firm. The authors consider a group
of indices, i.e., handling cost, possession cost, control mech-
anism, logistics, nature of the movement, type of movement,
travel arena, quantity of inventory, inventory characteristics,
and type of inventory, in this study, where possession cost in-
dicates the price of the material handling equipment that is go-
ing to be purchased by the related firms, which also includes
installation and other miscellaneous charges required for im-
plementing the purchased equipment into the firm. Moreover,
inventory characteristics for MHE indicate the density, shape,
and size of the inventory that needs to be transported by the

purchasing MHE. The nature of the movement in MHE indi-
cates the equipment’s frequency and speed; the accompanying
inventory needed to be transported by the purchasing MHE to
the firms. The element logistics in MHE specifies the required
loading logistics and the type of loading required to load the
corresponding materials onto the purchasing MHE. Handling
costs in MHE are distinguishing costs per unit; these have to
be spent by the firms during the treatment of distinguishing in-
ventories by the upcoming purchasing MHE over time. Types
of movement in MHE include straight, overhead, and variable,
among others, which are prerequisites for firms implementing
a specific MHE for their working area. Travel arena responded
to the direction type (either fixed or irregular) and the distance
(i.e., in kilometres) to be travelled by the purchasing MHE to
the firm. Quantity of Inventory responded to the amount of
material required to be transported by the MHE to satisfy the
scheduled daily activities. Type of Inventory indicates the type
of substance, i.e., solid, fluid, etc., desired to be transported by
the purchasing MHE. Control mechanism specifies the driving
mechanism to be used by the purchasing MHE, e.g., automatic,
manual, etc. This also indicates the obligation to meet human
requirements when purchasing a manual MHE. The momentous
MHE indices are described in this section to broaden the view
of industrial and manufacturing firms when purchasing MHE to
schedule their routine activities. The authors present a DSF to
evaluate the decision-making process for MHE selection in this
study.

5. G-TOPSIS (Grey-TOPSIS) Approach.

Onut et al. (2009) developed a fused MCDM methodology
by combining the Fuzzy Analytic Network Process (FANP) and
TOPSIS techniques to evaluate MHEs in the steel construction
industry in Istanbul, Turkey. Hwang and Yoon (1981) proposed
the TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution) method. This technique considers the Ideal So-
lution for computation and evaluation based on the positive and
negative spheres of the decision problem. The positive sphere
assists in minimizing the cost criteria and maximizing the bene-
fit criteria, whilst the negative sphere assists in maximizing the
cost criteria and minimizing the benefit criteria. In this study,
the authors developed an appraisal platform and aligned it with
grey set theory and the renowned TOPSIS methodology to prac-
tically handle imperfect information in selecting an admirable
MHE.

In this study, to evaluate a decision-making problem, which
encloses alternatives (ξ1, . . . , ξm) and has indices (Ω1, . . . ,Ωn),
ratings and weights are assigned in the form of grey variables
to the alternatives by decision makers (∂m|1, . . . , ∂m|K). The
structure of the grey decision-making problem accompanying
the ratings and weights of alternatives (ξ1, . . . , ξm) and indices
(Ω1, . . . ,Ωn) is represented by Equation 8, denoted by G =

(⊗Gysi j)mn, where each element ⊗Gysi j aggregates the grey rat-
ings assigned by the K decision-makers (∂m|1, ∂m|2, . . . , ∂m|K)
to alternative ξi with respect to index Ω j:
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G =
(
⊗Gysi j

)
mn
, i = 1, . . . ,m; j = 1, . . . , n (8)

The aggregated Grey-MIDM matrix for conceptualizing the
G-TOPSIS approach GysT is shown by Equation 9, where -
⊗ ˆGysi j, the aggregated grey variables, are assigned to alterna-
tives (ξ1, . . . , ξm) having indices (Ω1, . . . ,Ωn):

Ĝ =


⊗ ˆGys11 ⊗ ˆGys12 · · · ⊗ ˆGys1n
⊗ ˆGys21 ⊗ ˆGys22 · · · ⊗ ˆGys2n
...

. . .
...

⊗ ˆGysm1 ⊗ ˆGysm2 · · · ⊗ ˆGysmn

 (9)

The normalized grey decision matrix is disclosed by Equa-
tion 10. Normalization is required to preserve the equivalence
property among indices.

norm∗G =


⊗Gys∗11 ⊗Gys∗12 · · · ⊗Gys∗1n
⊗Gys∗21 ⊗Gys∗22 · · · ⊗Gys∗2n
...

. . .
...

⊗Gys∗m1 ⊗Gys∗m2 · · · ⊗Gys∗mn

 (10)

The transformation of normalization is done based on the
property of the indices. For a benefit characteristic, ⊗Gys∗i j
should be expressed by employing Equation 11, and for a cost
characteristic, ⊗Gys∗i j should be expressed by employing Equa-
tion 12.

⊗Gys∗i j =

 µGyi j

µGymax
i j

,
µ̄Gyi j

µGymax
i j

 , such that µGymax
i j
= max

1≤i≤m

{
µ̄Gyi j

}
(11)

⊗Gys∗i j =

µGymin
i j

µ̄Gyi j

,
µGymin

i j

µ
Gyi j

 , such that µGymin
i j
= min

1≤i≤m

{
µ

Gyi j

}
(12)

Let βi = (β1, β2, . . . , βn) be the relative weight vector of the
indices (Ω1, . . . ,Ωn); that transforms the weighted normalized
grey decision matrix. The weighted normalised grey decision
matrix is depicted in Equation 13, which accounts for the rela-
tive importance of each decision attribute.

δ∗ =


⊗δ11 ⊗δ12 · · · ⊗δ1n

⊗δ21 ⊗δ22 · · · ⊗δ2n
...

. . .
...

⊗δm1 ⊗δm2 · · · ⊗δmn

 (13)

Where ⊗δi j = ⊗Gys∗i j × βi, and βi is the relative weight
vector of the indices (Ω1, . . . ,Ωn). The positive and negative
ideal alternatives are accounted for from the matrix δ∗ to de-
cide the significant choice (Hwang and Yoon, 1981; Oztaysi,
2014). The positive ideal alternative (Pos+) and the negative
ideal alternative (Neg−) evaluate the separation measure from
Pos+ and Neg−, in the form of ℓ∗i and ℓ−i (Sahu et al., 2016).

Pos+ =
{[

max
1≤i≤m

δi1,max
1≤i≤m

δ̄i1

]
,
[
max
1≤i≤m

δi2,max
1≤i≤m

δ̄i2

]
, . . . ,

[
max
1≤i≤m

δin,max
1≤i≤m

δ̄in

]}
=

{
⊗δ+1 ,⊗δ

+
2 , . . . ,⊗δ

+
n
}

=
{(
δ+1 , δ̄

+
1

)
,
(
δ+2 , δ̄

+
2

)
, . . . ,

(
δ+n , δ̄

+
n

)}
(14)

Neg− =
{[

min
1≤i≤m

δi1, min
1≤i≤m

δ̄i1

]
,
[

min
1≤i≤m

δi2, min
1≤i≤m

δ̄i2

]
, . . . ,

[
min

1≤i≤m
δin, min

1≤i≤m
δ̄in

]}
=

{
⊗δ−1 ,⊗δ

−
2 , . . . ,⊗δ

−
n

}
=

{(
δ−1 , δ̄

−
1

)
,
(
δ−2 , δ̄

−
2

)
, . . . ,

(
δ−n , δ̄

−
n

)}
(15)

ℓ+i =

m∑
j=1

√
1
2

[(
δ+j − δi j

)2
+

(
δ̄+j − δ̄i j

)2
]

(16)

ℓ−i =

m∑
j=1

√
1
2

[(
δ−j − δi j

)2
+

(
δ̄−j − δ̄i j

)2
]

(17)

Q+i =
ℓ−i

ℓ+i + ℓ
−
i

(18)

The relative closeness coefficient (Q+i ) should be computed
from Equation 18 to adorn the decision results, such that 0 ≤
Q+i ≤ 1. In this work, the authors merged GysT with conven-
tional TOPSIS. The same is called G-TOPSIS and yields the
necessary outcome. Additionally, this study highlights the case
of MHEs to assess the behaviour and validity of the proposed
G-TOPSIS approach. The Grey-TOPSIS approach demonstrates
competence in delivering admirable MHE. The said approach
is built on a multi-index MHE platform to be easily adopted by
firms that prefer an evaluated MHS over their preferred indices.

6. Discussions and Implications.

Selection and configuration of a material handling system
for the transportation and storage of materials require artifi-
cial intelligence in decision-making (Chan, 2002). Adopting
appropriate MHE is important for effectively operating busi-
ness activities. The concerned firms can define the appropriate
MHE by capturing the related performance attributes. Signifi-
cant MHE can also help reduce environmental pollution by con-
sidering ecological indices in the built MHE alternatives plat-
form. Additionally, opting for the significant MHE can help in-
crease firms’ profits. Thus, in this study, the authors developed
a multi-index MHE evaluation module that linked the general
and momentous MHE indices for use by industrial and manu-
facturing firms. Tuzkaya et al. (2010) found a lack of system-
atic approaches in the field of MHEs and stressed the need to
develop novel approaches to quantify intangible factors. The
present study developed a robust approach that can offer man-
agers of industrial and manufacturing firms an efficient DSF for
evaluating and benchmarking the commendable MHE amongst
available alternatives.

A DSF, combined with the TOPSIS approach and grey set
theory, is presented to identify the most noteworthy MHE al-
ternative amongst available chains effectively. The decision-
makers should follow the steps below to execute the proposed
DSF in their respective firms.
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6.1. First Step: Identify the Significant MHE Characteristics.
Identify the significant MHE characteristics needed to un-

dertake the required operations, such as production, transfor-
mation, assembly, fabrication, etc., by the selected MHE within
the firms.

To implement the proposed DSF by managers, it is first nec-
essary to recognise the significant MHE characteristics, which
can help relate the obligatory daily activities to the required ma-
terial handling equipment. Managers or decision-makers must
first organise brainstorming sessions to define the key MHE
characteristics essential for the material handling equipment to
execute the firm’s routine activities effectively. Brainstorm-
ing sessions should adapt the group decision-making process,
which should be accompanied by experts, top authorities, or
the board of directors, to produce a list of MHE characteris-
tics relevant to their firms’ routine activities. In this study,
the authors provided a set of subjective MHE indices to help
managers more effectively identify MHE characteristics in their
firms.

6.2. Second Step: Categorise the Available Market MHE Alter-
natives.

Categorise the available market MHE alternatives that can
efficiently operate under the required conditions, and relate them
to the firm’s material handling activities.

Next, it is required to identify the group of MHE alterna-
tives available in the market that can be effectively worked with
the existing firm’s conditions and can incorporate the concerned
firm’s material handling activities. The same can be discussed
during the same brainstorming sessions, in line with the opin-
ion of the board of directors, top authorities, managers, etc. For
this, the concerned firms should first procure details on the han-
dling materials’ sizes, lengths, and types to be handled by the
installed MHE. The present study furnished a DSF based on a
group of momentous subjective indices, which are discussed in
Section 4.

6.3. Third Step: Implications of Grey Set Theory for Allocating
Linguistic Views of Decision Makers.

Table 1: Priority importance linguistic weights of MHE indices.

Source: Authors.

Next, to efficiently handle brainstorming sessions and un-
derstand the perceptions of the concerned decision-makers, grey

Table 2: Appropriateness linguistic ratings for Industrial trucks.

Source: Authors.

set theory is utilised. Grey sets theory is implicated in the al-
location of decision makers’ linguistic views, as numerous re-
searchers have stressed the use of subjective criteria and linguis-
tic methods for evaluating alternatives (Onut et al., 2009; Dong
and Wan, 2016). The decision-makers’ views on the importance
weights of the MHE Indices are presented in Table 1. MHE al-
ternatives, i.e., Industrial trucks, Belt Conveyor systems, Hoists
& Cranes, Automatic Guided Vehicles (AGV), and Monorails,
are employed in this study to model a DSF and represent the
group of alternatives. The appropriateness linguistic ratings of
the alternatives are acquired during brainstorming sessions. The
same are disclosed in Tables 2-6. The rounds of brainstorming
sessions are needed to collect decision-makers’ perceptions of
the indices and to organize the case into an MCDM matrix.

Table 3: Appropriateness linguistic ratings for Belt Conveyor
systems.

Source: Authors.

6.4. Fourth Step: Transformation of Appropriateness Ratings
and Priority Importance.

Transformation of appropriateness ratings and priority im-
portance relating to the MHE alternatives.

The appropriateness linguistic ratings and priority impor-
tance’s about the MHEs alternatives are acquired from deci-
sion makers based on their experience, knowledge and prac-
tices; thus it is required by the decision makers to visit the nu-
merous manufacturing firms, where the scrutinized MHE al-
ternatives are in operational mode, there, the decision makers
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Table 4: Appropriateness linguistic ratings for Hoists & Cranes.

Source: Authors.

Table 5: Appropriateness linguistic ratings for Automatic
Guided Vehicles (AGV).

Source: Authors.

can oversight the MHE performance and can best approximate
the appropriateness ratings and priority importance relating the
MHE alternatives; which are needed to be transformed in the
form of appropriateness grey ratings and priority importance’s.
The aggregated grey priority importances are shown in Table 7.
The grey linguistic scale, as presented by Sahu et al. (2012), is
adopted in this study to provide decision information.

6.5. Fifth Step: Implication of the G-TOPSIS Technique.

Implication of the G-TOPSIS technique for defining the note-
worthy MHE alternative.

Next, the G-TOPSIS approach, as discussed in Section 5,
is used to identify the most significant MHE choice accompa-
nying the group decision-making process. The presented G-
TOPSIS approach is the amalgamation of the TOPSIS method-
ology and the theory of grey sets. The Grey aggregated appro-
priateness ratings, and associated G-TOPSIS values, implicat-
ing the distinguishing values of the normalized grey vector and
the weighted normalized grey vector for different MHE alterna-
tives are disclosed in Tables 8-12. The positive ideal alternative
values and negative ideal alternative values are disclosed in Ta-
ble 7, and the corresponding distances from the positive ideal
alternatives and negative ideal alternatives are presented in Ta-
bles 13-14.

The appropriate selection of MHE by the concerned man-
ufacturing or industrial firms can be effectively captured by

Table 6: Appropriateness linguistic ratings for Mono rails.

Source: Authors.

Table 7: Grey aggregated priority weights and ideal possible
values of MHE indices.

Source: Authors.

defining the relevant performance attributes and by conceptual-
ising the present study. The results of the G-TOPSIS approach
are disclosed in Table 15, which are subsequently used to define
the ranking of the MHE alternatives. Selecting the appropriate
MHE can help increase the profits of the concerned manufac-
turing firms.

Additionally, significant MHE can help reduce environmen-
tal pollution by considering ecological indices in the built MHE
alternatives platform. Adopting commendable MHEs can re-
duce manufacturing lead times, enhance the efficiency of in-
ventory flow, and improve facility utilisation and productivity
(Kulak, 2005). Anand et al. (2011) presented a hypothetical
case study to demonstrate the use of the ANP (Analytic Net-
work Process) technique for evaluating the MHE problem in
FMS design. Anand et al. (2011) found the conveyor to be a
superior alternative for designing an FMS using ANP under the
case situation they considered. The main aim of their work is
to impart technical knowledge of the ANP technique to practi-
tioners for formulating strategic decision-making policies in the
MHE evaluation problem related to FMS design.
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Table 8: Grey aggregated appropriateness ratings and associ-
ated G-TOPSIS values for Belt Conveyor systems.

Source: Authors.

Table 9: Grey aggregated appropriateness ratings and associ-
ated G-TOPSIS values for Hoists & Cranes.

Source: Authors.

7. Conclusions.

The presented work developed a competent approach and
offered a DSF that can help decision-makers in industrial and
manufacturing firms evaluate and benchmark worthy MHE al-
ternatives. This study projected a DSF, which can be capa-
bly used in decision-making situations by the numerous indus-
trial and manufacturing firms, only by considering distinct cri-
teria such as ecological criteria, financial criteria, or ecologi-
cal cum fiscal criteria connected into a single module, to opt
for an admirable MHE alternative. In this work, the authors
presented a decision platform that considers subjectivity and
highlighted the procedural selection of a noteworthy MHE al-
ternative amongst favoured choices. In this study, the authors
align grey set theory with the renowned TOPSIS methodology
to practically handle imperfect information in selecting an ad-
mirable MHE. The firm can utilise the presented framework
to improve ecological performance by identifying eco-friendly
MHE criteria and alternatives for installation on the DSF. The

Table 10: Grey aggregated appropriateness ratings and associ-
ated G-TOPSIS values for Automatic Guided Vehicles (AGV).

Source: Authors.

Table 11: Grey aggregated appropriateness ratings and associ-
ated G-TOPSIS values for Mono rails.

Source: Authors.

authors provided a platform that effectively captures the lingo
of experts and offers a chain of subjective indices for MHE eval-
uation.

The presented study can be adopted by novel academicians,
scholars and practitioners for developing an additional DSF by
utilizing other distinguished MCDM techniques, i.e., VIKOR
(VIseKriterijumska Optimizacija I Kompromisno Resenje), -
GRA (Grey Relational Analysis), MOORA (Multi-Objective
Optimisation by Ratio Analysis), and SAW (Simple Additive
Weighting) to adorn robust decision results. Due to its reliance
on grey set theory, the presented work demonstrates the ability
to address the risks associated with decision-makers’ subjective
perceptions. The crucial outputs of the presented work are:

a) The study developed an intended DSF that can support
decision-makers or directors of distinguished industrial
and manufacturing firms in adopting an MHE alternative,
to be operational under their required grounds.

b) The subjective opinions of decision makers, which are
vague, inconsistent, and incomplete, can be aggregated
using the projected Grey-TOPSIS approach.

c) The projected DSF can assist managers in other segments,
such as cement, steel, automobiles, and oil refineries,
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Table 12: Distances from positive ideal alternative.

Source: Authors.

Table 13: Distances from negative ideal alternative.

Source: Authors.

in benchmarking the selection dilemmas associated with
MHE alternatives.

d) The presented DSF can be supplementary utilised to bench-
mark an admirable MHE, which is surrounded by chains
of subjective or objective cum subjective indices.

e) The study can help firms maintain their green image in
line with government or administrative regulations.

8. Future Scope.

Academicians, scholars, and practitioners can further ex-
tend the built MHE evaluation platform to develop a more com-
pact hierarchical MHE structure comprising additional MHE-
related indices and their interrelated sub-indices. Additionally,
a zone of other MCDM techniques, i.e., VIKOR (VIseKriteri-
jumska Optimizacija I Kompromisno Resenje), ANP (Analyt-
ical Hierarchy Process), GRA (Grey Relational Analysis), and
MOORA (Multi - Objective Optimisation by Ratio Analysis),
needs to be incorporated into the built structure to achieve a
more compact decision result. Moreover, the fuzzy logic con-
cept must also be incorporated into the built structure. Addi-
tionally, there is a need to develop a hierarchical structure for
MHE, with second, third, fourth, and so on levels, and to dis-
tinguish the implications of fuzzy logic. MCDM techniques
also need to be incorporated into these hierarchical structures
for MHE, second, third, fourth, and so on.

Table 14: G-TOPSIS decision-making matrix.

Source: Authors.
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[53] Tuzkaya, G., Gülsün, B., Kahraman, C. & Özgen, D.
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