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This handbook covers smart manufacturing development, processing, modifications,
and applications. It provides a complete understanding of the recent advancements in
smart manufacturing through its various enabling manufacturing technologies, and
how industries and organizations can find the needed information on how to
implement smart manufacturing towards sustainability of manufacturing practices.

Handbook of Smart Manufacturing: Forecasting the Future of Industry 4.0 covers all
related advances in manufacturing such as the integration of reverse engineering with
smart manufacturing, industrial internet of things (IIoT), and artificial intelligence
approaches, including artificial neural network, Markov decision process, and
heuristics methodology. It offers smart manufacturing methods like 4D printing,
micro-manufacturing, and processing of smart materials to assist the biomedical
industries in the fabrication of human prostheses and implants. The handbook goes on
to discuss how to accurately predict the requirements, identify errors, and make
innovations for the manufacturing process more manageable by implementing various
advanced technologies and solutions into the traditional manufacturing process.
Strategies and algorithms used to incorporate smart manufacturing into different
sectors are also highlighted within the handbook.

This handbook is an invaluable resource for stakeholders, industries, professionals,
technocrats, academics, research scholars, senior graduate students, and human
healthcare professionals.
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Preface

Smart manufacturing is a broad category of manufacturing that employs computer-
integrated manufacturing, high levels of adaptability and rapid design changes, digital
information technology, and more flexible technical workforce training. Other goals
sometimes include fast changes in production levels based on demand, optimization of
the production system, efficient production, and recyclability. This book is expected to
provide the compiled smart manufacturing knowledge to the involved stakeholders
from users in the industry to the academics and researchers. The detailed description of
various smart manufacturing techniques like 3D printing, 4D printing, and approaches
that makes manufacturing digital such as Industry 4.0 techniques are included in this
book along with various smart materials like polymers, metals, ceramics, composites,
biomaterials, biodegradable materials, responsive materials, functionally graded
materials, and various applications of smart industries. In addition to above
various case studies of smart manufacturing specially related to production,
mechanical, industrial, computer science, electronics engineering, and biomedical
are covered to help undergraduates, postgraduates, and research scholars. This
compilation will bring to its readers the latest developments/advancements in
smart manufacturing, which is currently not available at one place. This book will
bridge the gap between R&D in smart manufacturing and professionals.

This book is an outcome of the extensive research accomplished by various
researchers, academicians, scientists, and industrialists in smart manufacturing.
The area is under-explored and the outcomes are worth the research effort.
Experimentation, modeling, characterization, and simulation techniques are the
powerful tools for developing new concepts, approaches, and solutions to devise
valuable information on the process which led to need of compiling this work.
Since, the information related to smart manufacturing is scattered into patents
and research publications and not at one place in a systematic form, editors
recognize their ethical responsibility to compile, share, and spread the knowledge
accumulated and technology developed, with the students, researchers, and
industry people, to draw the benefits of this work in the form of a book and
gain technical competence in the frontal area.

The book consists of 18 chapters that describe perspectives of smart manufacturing
with Industry 4.0 aspects. “Smart Manufacturing and Industry 4.0: State-of-the-Art
Review” determines the dimensions that help in implementing smart manufacturing in
the 14.0 environment in SMEs. “Study and Analysis of IOT (Industry 4.0): A Review”
provides an overview of analysis of IOT adaptation effect in past and present
industries. “Recent advances in Cybersecurity in Smart Manufacturing Systems in the
Industry” discusses advances in the security of smart manufacturing systems, strengths
and weaknesses of the manufacturing systems, existing threats, and preparedness for
future cyber-attacks. “Integration of Circular Supply Chain and Industry 4.0 to
Enhance Smart Manufacturing Adoption” focuses to develop a framework based on

vii
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the Fuzzy Analytical Hierarchy Process (FAHP), one of the multi-criteria decision-
making methods (MCDM), which computes and assigns weights to each identified
circular supply chain practice within an industry. “Artificial Intelligence with
Additive Manufacturing” summarizes the role of artificial intelligence in additive
manufacturing in a manner to show how innovative additive manufacturing plays a
role in today’s industry. “Robotic Additive Manufacturing Vision towards Smart
Manufacturing and Envisage the Trend with Patent Landscape” foresees robotic
additive manufacturing in various aspects covering basic system step to futuristic
vision. “Smart Materials for Smart Manufacturing” demonstrates the various kinds
of smart nanomaterials and their advantageous properties in both historical and
future applications. “Smart Biomaterials in Industry and Healthcare” explores
smart materials for bringing advancement in biomedical engineering and other
industrial applications. “Ferroelectric Polymer Composites and Evaluation of
Their Properties” presents the results of a study of ferroelectric polymer
composites with a high permittivity. “4D Print Today and Envisaging the Trend
with Patent Landscape for Versatile Applications” analyzes the future trend with
the aid of patent landscape analysis. “Investigating the Work Generation Potential
of SMA Wire Actuator” aims to develop an elementary mathematical model of an
SMA wire actuator in biasing conditions on the SIMULINK platform while
including the traveled path history of SMA material and thereby, carries out a
parametric study that determines the most influencing parameter that affects the
work generation capability of wire actuator. “Troubleshooting on the Sample
Preparation during Fused Deposition Modeling” deals in-depth with the challenges
and issue during the printing and suitable solution for better print quality. “Hybrid
Additive Manufacturing Technologies” focuses to produce and compare research
studies on the different hybrid additive manufacturing processes. “Smart
Manufacturing Using 4D Printing” deals with the concepts and regulations
governing 4D printing, along with the materials utilized, applications, and
obstacles that still need to be removed. “Developments in 4D Printing and
Associated Smart Materials” provides a brief overview of 4D printing processes
using various composites and intelligent materials including smart materials, and
shape memory alloys. “Role of Smart Manufacturing Systems in Improving
Electric Vehicle Production” explores the current market need for manufacturing
that closely relates to an electric vehicle and develops a structural framework that
utilizes the interpretative structural modeling approach and MICMAC approach to
achieve the objective. “Safety Management with Application of Internet of Things,
Artificial Intelligence, and Machine Learning for Industry 4.0 Environment”
evaluates the major issues regarding health and safety integration with the Industry
4.0 revolution. “CPM/PERT-Based Smart Project Management: A Case Study”
optimize the design and installation time of the 8-megawatt power plant to be built
for a cement factory in Barbados.

This book is intended for both the academia and the industry. The postgraduate
students, PhD students, and researchers in universities and institutions, who are
involved in the areas of smart manufacturing with Industry 4.0 perspectives, will
find this compilation useful.
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1.1 INTRODUCTION

The term “‘smart manufacturing,” or SM, was used to describe a new approach to
production that is in step with the trends of “industry 4.0”. The potential of 14.0
in data networking and information technology have considerable effect on man-
ufacturing operations [1]. With big data processing, artificial intelligence, and
intelligent robots, “smart manufacturing” improves factory output while cutting
costs in energy and labour. This allows for the machines and tools that are used in
smart manufacturing to be interconnected with one another [2]. Smart manu-
facturing is a subset of 14.0 that seeks to improve production by applying Al
techniques including machine learning, big data analytics, and computer simula-
tions. [3]. It also refers to the adoption of cutting-edge cyber technologies by
corporate executives, including enhanced sensing, control, modelling, and platform
technologies in 14.0 environment [4].

The manufacturing plans of most influential countries in the global market are
focused on the industries of the future. This is a major development in the imple-
mentation of intelligent production methods. Germany was the first country to
launch the 14.0 initiative for smart manufacturing, which is now recognized across
the globe as the generational leap in technology that will revolutionize the manu-
facturing industry [2]. 14.0 was recognised for the first time in German industries,
where it has led to increased productivity with the adoption of SM practices and
more effective utilisation of the resources that are available [5,6]. It encouraged the
businesses to adopt smart manufacturing practices, IIoT, cloud analytics and big
data etc. Notably, it has resulted in high performance and, in comparison to the past,
significantly greater positive effects. Role of work, management, and social eco-
system elements in SM need to be considered. [7]. The job profiles are undergoing
transformations as a direct result of the opportunities made available by 14.0.
Leaders in the corporate and public sectors, as well as academics and practitioners,
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need to collaborate to learn more about smart manufacturing’s potential and its
necessary infrastructure. [8,9].

At present, investigations into smart manufacturing are underway, but lacks
Industry 4.0 adoption. Also, the present literature is devoid of assessment of the
different facets of Industry 4.0 [10]. Several supplementary investigations have
delved into the current literature and identified hindrances to the adoption of
intelligent manufacturing [10-13]. Zhou et al. [14] examine the main topics of
smart factories and SM within the context of Industry 4.0, while also presenting
obstacles, prospects, strategic planning, and crucial technologies.

The adoption of 14.0 concept among practitioners is popular as a means of
putting smart manufacturing practises into effect. Industry 4.0 is not yet ready to be
implemented because there is a lack of technical know-how and terminology [15].
Currently, there is limited knowledge about the possible advantages and dis-
advantages associated with the introduction of intelligent manufacturing [16,15].
Companies are unable to implement 14.0 because they are unable to comprehend the
particulars of the implementation that are relevant to their own organisation [17].
Organizations have not conducted any specific research in their business operations,
as such research has not been found [17,15]. As a direct consequence of this, the
vast majority of businesses are unable to devise an appropriate strategy for im-
plementing industry 4.0 [18].

For in-depth understanding of the dimensions that influence the success of
14.0 implementation, a Petersen et al. [19] guidelines-based SLR was carried out.
The participants in this study will be provided with a tool that will assist them
in determining which aspects of their organization are the most important and in
formulating a strategy to improve those aspects using the findings of this study.

The entire research paper is broken up into six sections. After the introduction
has been finished for section 1, the related work, which is contained in section 2, is
presented. The discussion of the methodology can be found in Section 3. Section 4
contains a presentation of the results. In section 5, the validity threats are detailed,
and in section 6, the conclusions are discussed.

1.2 RELATED WORK

Numerous research has been performed to identify and evaluate dimensions. All the
studies are distinct from one another in terms of the approaches and procedures that were
utilized to give the facets of putting the 14.0 concept into practice in manufacturing
firms. The contributions that were made by the related work can be found in this section.

In order to give the reader a full picture of what SMSs are and how they work,
Qu et al. [20] summarises the background, definition, goals, functional require-
ments, business needs, and technological requirements of SM. At the same time,
it describes where things stand in terms of progress. Based on this, we present a
model of autonomous smart manufacturing that is driven by fluctuating demand
and key performance measures. The technological differences between traditional
production and smart manufacturing were explored by Phuyal et al. [2]. In this
study, as well as its current implementation status. Recent developments and their
consequences were reviewed for this field.
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To ascertain the dimensions, Elibal and Ozceylan [21] conducted a relevant
literature study. The authors employed various database search to examine
90 distinct studies. There is a discussion on the categorization of the studies,
which includes things like meta-models, combinations of models, comparison
models, and so on. To conduct this research, qualitative analysis is performed.
In the study, the descriptive evaluation model for the review study was pre-
sented, and the limitations of the existing model were discussed. The study
has some problems with its validity. Ghobakhloo et al. [7] in their work
determined drivers of 14.0 concept. They also described a descriptive evaluation
of the 745 studies that were eligible for consideration. The study found that
organisational factors, technology factors, and environmental factors are the
primary determinants of 14.0. The author discussed both the study’s theoretical
underpinnings and its potential real-world applications. However, the study
does not address whether the model being used is accurate. Hizam-Hanafiah
et al. [22] and Kamble et al. [23] analysed various studies and proposed
numerous dimensions. The authors identified technology as the most crucial
dimension, with 44 percent of the 158 dimensions pertaining to technology.
Consequently, technology is deemed the most significant factor. They refer to
three critical dimensions, including technology, based on aspects, and process
integration. The author put forth strategic guidelines in their proposal. The
study does not include the validation component. In their presentation on 14.0
dimensions, Liao et al. [24] used SLR. The author went over the repercussions
of putting industry 4.0 into practice as well as the research agenda for the
foreseeable future. However, many of the studies suffer from the same types
of shortcomings.

Despite the significance and potential opportunities in SM fields with 14.0
adoption, there has been limited research conducted on identifying the dimensions
of SM. In this study, the dimensions are identified from selected studies and ranked
according to their importance [25]. However, previous studies lack validation as-
pects as they mostly rely on qualitative analysis without strong evidence to support
the SLR. Therefore, the dimensions are identified quantitatively from the selected
studies to provide stronger evidence.

1.3 METHODOLOGY

This section presents details about the research techniques that are employed.
Following Petersen et al. [19] guidelines for conducting SLR and Aria and
Cuccurullo [26] for conducting bibliometric mapping, methodology based on
five phases is adopted. In the first phase, the authors define the parameters of the
work and formulated research questions. Three research questions are formu-
lated. RQ1 and RQ2 were answered using SLR and RQ3 was answered fol-
lowing the bibliometric analysis. Search methodology is the focus of the next
phase. In this step, the author searched for relevant articles in a scientific da-
tabase by entering a string of search terms that makes use of “AND” and “OR”
Operators. In accordance with the approach proposed by Kitchenham and
Charters [27], a search string was constructed by combining relevant keywords
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Dimensions extraction

FIGURE 1.1 Methodology flowchart.

using PICO approach. The third phase presents screening of the studies. In
the fourth phase, the work is reviewed on the basis of their titles and keywords.
The final phase of the study involved mapping research questions. To minimize
bias in the study, a quality evaluation was conducted. The results were analyzed
and presented in Figure 1.1, which illustrates the research process.

1.3.1 RESEARCH QUESTIONS
The following research questions are framed to meet the research objectives:
RQ1: What are 14.0 dimensions which help in smart manufacturing?

RQ2: What are those dimensions which are critical for SM systems?
RQ3: What are the future research directions for SM systems?
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1.3.2 SEARCH STRATEGY

The work utilized the PICO (Population, intervention, comparison, and outcome)
approach recommended by Kitchenham and Charters [27] to guide the search
process.

1.3.2.1 Population

It refers to the targeted group. In this study, the population was Smart
Manufacturing or Industry 4.0 elements.

1.3.2.2 Intervention
Various maturity models and industry reports served as interventions.

1.3.2.3 Comparison

Empirical studies were conducted to compare the different smart manufacturing
techniques and methods.

1.3.2.4 Outcomes
The study’s outcomes involved the extensive literature review and empirical
analysis of dimensions.

To conduct the study, the author searched for studies in popular databases
utilizing search strings tailored to each database. The author utilized the “AND”
operator to form the search string. Search string for the databases is as follows:

(“smart manufacturing” AND “industry 4.0”)

1.3.3  SELECTION OF STUDIES

Our study used screening criteria to select relevant articles. The inclusion year
(2007-2022) for articles in English language. We identified seven criteria for
selecting articles, labelled as C1 to C7, which are listed in Table 1.1, we provide the
criteria that will be used to determine what will and will not be considered for
screening.

1.3.4 DATA EXTRACTION

The study has gathered information regarding smart manufacturing. Additionally,
a data attributes sheet has been generated that outlines the research questions
(See Table 1.2).

1.3.5 QUALITY EVALUATION

According to the standards in Table 1.3, a quality evaluation has been performed.
The purpose of this step was to ensure that only relevant studies were considered
and to strengthen the validity of our findings. For a comprehensive breakdown of
the quality evaluation scores, please refer to Table Al in appendix section.
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TABLE 1.1

Criteria for Screening

Criteria Id Criteria Type Explanation

Cl1 Inclusion Publication year: 2007-2022

C2 Inclusion English language articles

C3 Exclusion Books, book chapters, dissertations, and theses

C4 Exclusion Articles containing less than six pages

C5 Inclusion Articles including the terms “SM,” “I4.0,”

and “digital transformation”.

C6 Inclusion Articles that address SM and 14.0.

TABLE 1.2

The Data Attributes in the Present Study

Class Elements Address Research

Question

Intuitive information Publication year, publisher, author, 1
title and abstract

Methodology Study design, case study, survey, 2
evaluation study

Setting Work motivation, validity threats, 2
subjective research

Results and Work limitations, address challenges, 1,2

conclusion future work discussion

TABLE 1.3

Quality Evaluation Parameters (QEP)

QEP ID Description

QEP1 Does the article state its research aims clearly?

QEP2 Does the study explore dimensions related to its research aims?

QEP3 Does the article provide a literature review and outline the main

contributions?

QEP4 Does the work describe the design of research methodology?

QEP5 Does the study present research findings?

QEP6 Are the research objectives and conclusions of the work explained in a

clear manner?

QEP7 Does the article discuss future research or areas for further investigation?




8 Handbook of Smart Manufacturing

1.4 RESULTS AND DISCUSSION
1.4.1 DiscussioN oN RQ1 anp RQ2

In accordance with Petersen et al. [19], the results of SLR are discussed. A pilot
study was conducted using PICO criteria [28] to develop the search string.
Applying the search criteria to the databases identified 3001 studies, which were
screened based on selection criteria and publication date from 2007 to 2022. This
resulted in 115 studies, with 40 duplicates removed, leaving 75 studies for quality
assessment. Based on quality scores less than 3, approximately 13.37% of studies
were removed, and 65 final articles were selected for the study. The search results
are shown in Table 1.4. The number of academic studies showed a constant trend
from 2007 to 2015, with only 1 or 2 studies, but the trend increased continuously
from 2016-2022. The distribution of primary research according to year is pre-
sented in Figure 1.2.

The author aimed to respond to RQ1 by identifying dimensions. Additionally,
the author calculated the frequency/percentage of each dimension. The authors
identified 8 dimensions. To address RQ2, the author selected five dimensions that
had a percentage equal to or greater than 25%. Table 1.5 provides the order and
variables of the identified dimensions.

1.4.1.1 Technology (Eg)

The study found that technology is the most significant dimension in SMEs’ digital
readiness, with 92.31% of the selected studies focusing on various technological
areas. Cyber-physical systems, as noted by Rahamaddula et al. [29] and Swarnima
et al. [30], are particularly critical for integrating digital and physical entities. Saad
et al. [31] outlines the importance of technology in smart manufacturing in industry
4.0 environment has further highlighted the growing significance of AI, ML, and
cloud computing [32-34].

1.4.1.2 Organizational strategy (E;)

The study identifies the second most significant dimension as strategy with a fre-
quency of 30. 46.15% studies considered organization strategy as a dimension
for smart manufacturing. Strategy involves planning for products and services
that align with smart manufacturing requirements. Additionally, the strategy
includes the funding strategy, which refers to the financial investment made for
implementing smart manufacturing practices.

1.4.1.3 People/culture/employees (Es)

The current research reveals that people/culture is identified as crucial dimensions.
It is ranked at 5 with frequency 17 and 26.15%. This dimension relates to the
employee attitude towards use of digital means for work [35,36,29]. As a final
recommendation, it is essential to foster a learning culture to achieve smart man-
ufacturing culture [37]. People/culture/employees are crucial to the success of SM.
A skilled workforce and a culture of collaboration and continuous improvement are
essential for implementing and optimizing advanced technologies.
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Year-wise publication

128 10 10@
106 80

8

60l

4 28 20 20
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Frequency

OBl
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Publication year

FIGURE 1.2 Year-wise studies.

1.4.1.4 Processes (E4)

smart manufacturing processes are crucial to the success of modern manufacturing
operations. By optimizing processes, manufacturers can increase efficiency, reduce
waste, improve product quality, and be more responsive to customer needs, ulti-
mately leading to greater competitiveness in the marketplace. Findings reveals that,
processes with frequency 27 and 41.54 % were ranked third. This dimension en-
compasses various types of processes such as business, communication, and
management processes.

1.4.1.5 Products (Eg)

Product as a dimension (Frequency 21, percentage 32.31) ranked at four. One of the
main goal of SM is to produce high-quality products that meet or exceed customer
expectations while minimizing waste and reducing costs. It requires in-depth
knowledge of the product and its manufacturing process [34]. Digital features in
products enhance customer interest and promote association with the industry 4.0
ecosystem [38—41].

1.4.1.6 Customers (E5)

According to the study, the sixth-ranked dimension is customers (Frequency 12
and percentage 18.46). Customers are important in smart manufacturing because
they have high expectations for the products they purchase. They want products
that are high-quality, reliable, and meet their specific needs. By understanding
customer preferences and behaviours, manufacturers can tailor their products
to meet those needs more effectively. This can lead to increased customer
satisfaction and loyalty, which is essential for the long-term success of any
business [5,29].

1.4.1.7 Innovation (E,)

According to the information provided in Table 1.5, innovation (Frequency 10,
percentage 16.67) is ranked seventh among the critical dimensions for industry 4.0.
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Innovation allows manufacturers to improve their processes and operations,
resulting in reduced costs and improved quality. For example, the implementation
of predictive maintenance systems can reduce downtime and prevent costly
equipment failures. Similarly, the use of robotics and automation can increase
production efficiency and reduce labour costs.

Innovation can also enable manufacturers to create new products and services,
opening new markets and revenue streams. For example, smart products equipped
with sensors can provide valuable data used to improve customer satisfaction.

1.4.1.8 Services (E,)

According to the findings presented in Table 1.5, the dimension of services ranks
at the eighth position (frequency 9, percentage 13.85. In 4.0, services refer to
the digital features offered by an organization that attract end-users to adapt to
the industry 4.0 environment. Such services may include product configuration,
development, and simulation, as well as remote and condition monitoring, and
other data-driven services that are integrated with digital technologies.
Sections 4.1.1 through 4.1.8 presents discussion on variables. Based on the
analysis, it is apparent that Technology (ES8), Organizational strategy (E1),
Processes (E4), Products (E6), and People/culture/employees (E3) are the most
crucial dimensions for SMEs. Dimensions reporting a frequency of more than 25%
considered critical. The selection of these critical dimensions is subjective, and
further input from experts in the field may be necessary to support the findings.

1.4.2 DiscussioN oN RQ3

For the identification of future research theme, the authors have conducted bib-
liometric analysis. The work is done on Bibliometrix and Vosviewer. The authors
selected the WoS database. Authors designed the search string such that it covers
the objective of the chapter. The search string is as follows: (“smart manu-
facturing” AND “industry 4.0”). the authors conducted the search from the web
of science database using the string followed by screening of the articles
(Table 1.6).

186 articles are selected for further analysis. The authors have gone through the
most relevant sources. The analysis shows that the IJPR journal receives a total
of 598 citations on the topic followed by Journal of manufacturing systems with
386 citations. Figure 1.3 shows the most cited sources form the smart manu-
facturing and industry 4.0.

The authors now conducted the keyword cooccurrence analysis using
VOSviewer. Which result in making the five clusters. Figure 1.4 shows the
keyword cooccurrence analysis and clusters. These clusters are identified by the
colors. Each cluster contain several elements. The details of the clusters are given
in Table 1.7.
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TABLE 1.6

Screening Results

Description Type Article
Count

Search using keywords (“smart manufacturing” AND Inclusion 609

“industry 4.0”)

Review article Exclusion 504

Editorial material Exclusion 495

Proceeding paper Exclusion 492

Web of science categories such as engineering industrial, operation Inclusion 233

management, Engineering manufacturing, computer science and
Al, automation control systems, engineering mechanical
Citation topics meso such as design and manufacturing, supply Inclusion 186
chain and logistics, management, Al and ML, manufacturing,
human computer interaction, knowledge engineering and
representation

Analysis of title, abstract, keywords Inclusion 184

P COMPUT IND @
8
2 D
(=]
102}
3 9
)

3 INTELL MANUF 150

COMPUT IND ENG 177

PROCEDIA MANUF 171
ROBOT CIM-INT MANUF "6

N. of Local Citations

FIGURE 1.3 Most cited sources.

1.4.2.1 Theme based on blue cluster.

“Enhancing Smart Manufacturing through CPS and Industrial Internet:
Investigating Decision-Making in Smart Factories.”

The theme directs researchers and academicians to exploring the challenges
and barriers to the implementation of SM systems in I4.0 environment and
developing strategies to overcome them. The research will investigate how CPS



16 Handbook of Smart Manufacturing

Developing an integrated approach to lean
production using big data analytics, Al, and
loT.

Enhancing Smart Manufacturing through
CPSand Industrial Internet: Investigating

Decision-Making in Smart Factories.
innowatign

aturity model
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achinejlearning
archigécture

pfart manufagguring systems
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claud integgation .
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manufacturing
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and service-oriented
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optimizatici

bargiers

smaytifactory

productian systems 7 sirulation
logistics

cloud manufacturing

Enhancing Smart Manufacturing through
CPS and Industrial Internet: Investigating
Decision-Making in Smart Factories

FIGURE 1.4 keyword cooccurrence network analysis with research themes.

and IIoT can be integrated to create a smart factory environment. The decision-
making processes involved in the implementation of such systems will also be
studied to ensure effective implementation. Finally, the proposed strategies will
be evaluated in terms of their effectiveness in addressing the identified challenges
and barriers and their ability to facilitate the implementation of SM systems in
14.0 environment.

1.4.2.2 Theme based on yellow cluster.

“Designing and optimizing cloud-based systems for logistics using digital twins,
ontology, and simulation.”

This covers areas on utilizing cloud manufacturing, digital twins, and simulation
technologies to design and optimize manufacturing and logistics systems. The
design aspect of this theme emphasizes the importance of considering both product
and process design in the development of such systems. Ontology can be used to
standardize data and communication protocols, while logistics can help ensure
efficient material flow and inventory management. Finally, the use of digital twins
allows for virtual testing and optimization of the proposed systems before imple-
mentation, reducing risks and costs.
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1.4.2.3 Theme based on red cluster.

Developing a framework for optimizing performance in smart manufacturing
systems through integration, cloud, and service-oriented architecture.

This theme focuses on developing framework that incorporates elements of cloud
computing, service-oriented architecture, and integration to optimize performance
in smart manufacturing systems. The framework will be developed through digital
transformation of existing manufacturing systems and supply chain networks.
Optimization techniques such as genetic algorithms will be used to fine-tune the
system performance. The use of SM systems can help ensure effective data col-
lection, decision-making. Finally, the framework will be evaluated to improve the
performance of SM systems in real-world settings.

1.4.2.4 Theme based on green cluster.

“Developing an integrated approach to lean production using big data analytics, Al,
and IoT.”

The theme focuses on utilizing big data analytics to improve SCM by developing a
framework that incorporates IoT, ML, and Al. The framework will be deployed on
cloud computing platforms and will leverage lean production principles to reduce
waste and improve efficiency. The internet will play a key role in facilitating data
exchange and communication between different supply chain partners. The use of
ML will enable prediction of supply chain events and help in making data-driven
decisions.

1.4.2.5 Theme based on purple cluster.

“Developing a maturity model for effective innovation management
implementation”.

It focuses on developing a maturity model for effective innovation management
implementation. The research points towards identification of factors that help in
innovation management implementation. The maturity model can help organiza-
tions assess their current innovation management capabilities and identify areas for
improvement. The research can use case studies to evaluate the effectiveness of
model in different organizational contexts. The findings of the research can help
organizations improve their innovation management capabilities and drive growth
and competitiveness.

1.4.2.6 Co-citation network analysis

The authors have conducted the co-citation network analysis for deeper under-
standing of the emerging themes. Analysis was done using the tool VOSviewer. The
result of co-citation network reveals that there are four clusters with minimum
cluster size 17 and minimum link strength 2. Figure 1.5 shows the co-citation
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FIGURE 1.5 Co-citation network analysis of articles (VOS viewer).

network analysis of the selected articles. Table 1.8 presents the co-citation network
details with top terms and themes.

The themes discussed can be used for research in smart manufacturing by pro-
viding a framework for investigating and improving various aspects of manufacturing
operations, including maintenance, supply chain management, logistics, quality
control, and performance optimization. For example, researchers can explore how
data-driven approaches, such as condition-based monitoring and predictive mainte-
nance, can be leveraged to improve equipment reliability and reduce downtime.
Collaborative networks and cyber-physical systems can be studied to enable effective
communication and coordination between different parts of the manufacturing pro-
cess, from suppliers to customers. Augmented reality and machine vision can be
investigated to enhance human-centered manufacturing, while blockchain and secu-
rity monitoring can be explored to ensure data integrity and cyber resilience.
Optimization techniques, such as simulation modelling and parameter identification,
can be applied to improve manufacturing efficiency and quality.

Overall, the discussed themes provide a comprehensive framework for investi-
gating various research questions related to smart manufacturing and offer oppor-
tunities for improving manufacturing processes through the integration of advanced
technologies and data-driven approaches.

1.5 VALIDITY THREATS

Despite the use of SLR guidelines there are still potential validity issues with the
findings. To further minimize bias, we followed the selection criteria guidelines and
invited a guest researcher to validate the study selections, resulting in a 70% agreement
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on the selections. However, there is still the possibility of publication bias, where re-
searchers may only present positive results from their research. To address this, we
utilized multiple search libraries. Finally, there is a possibility of data extraction bias,
but we minimized it by using a data extraction template to record unbiased data.
Also, there may be the possibility of biasness while conducting bibliometric anal-
ysis such as biasness in database selection, incompleteness of data, citation practices,
self-citations, inaccurate citation data, changing publication practices etc. However,
to avoid such threats, the authors have conducted the word co-occurrence network
analysis and co-citation network analysis for exploring future research directions.

1.6 CONCLUSION

Smart manufacturing has emerged as a transformative approach to manufacturing
that integrates cutting-edge technologies and innovative processes to enable more
efficient, flexible, and sustainable production. The success of smart manufacturing
depends on several dimensions that are critical for achieving operational excellence
and competitive advantage. To this end, the author conducted review of studies
published from 2007 to 2022, eight dimensions that aid manufacturing firms in
opting smart manufacturing practices. RQ1 was addressed by extracting data from
65 studies to identify 8 key dimensions, namely technology, organizational strategy,
people/culture/employees, processes, products, customers, innovation, and services.
To address RQ2, dimensions (Count percentage > 25%), which included tech-
nology, organizational strategy, products, processes, and people/culture/employees.
The RQ3 was addressed by conducting a bibliometric analysis resulting in five
potential research directions (keyword co-occurrence network analysis) and another
four themes (using co-citation network analysis). This finding underscores the high
demand for research on smart manufacturing. These findings can inform future
smart manufacturing research. Further work on these themes can add value to
research domain and ultimately lead to achieve socio-economic goals.
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