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Abstract

This special issue explores advancements in the next generation manufacturing and service
systems by examining the novel methods, practical challenges and opportunities in the use of
big data analytics. The selected articles analyse a range of scenarios where big data analytics
and its applications were used for improving decision making in manufacturing and services
sector such as online data analytics, sourcing decisions with considerations for big data
analytics, barriers in the adoption of big data analytics, maintenance planning, and multi-sensor
data for fault pattern extraction. The paper summarises the discussions on the use of big data
analytics in manufacturing and service sectors.

1. Introduction

Manufacturing and services industries are now dealing with increasingly massive amount of
datasets in short time due to adoption of internet of things (1oT), sensors for asset monitoring,
weblogs, social media feeds, product and parts tracking and others (Tien, 2013). Storing big
datasets is not new for these industries but gathering actionable and manageable insights from
the data is often lacking. This is also termed as ‘data rich and information poor’. Big data
analytics refers to the capability of organisations for systematic and computational analysis of
big data sets, popularly characterised by 5Vs, i.e. volume, velocity, variety, veracity and value
adding.

Big data analytics (BDA) has the potential to transform and advance manufacturing and service
systems in future. It can help industries in making informed decisions such as better forecast
for products, performance management across multiple manufacturing and service units,
improving the quality of products and services, providing greater visibility into operations,
understanding the customer preferences and buying patterns, real time manufacturing process
and asset condition monitoring, product design, customer service and like these others.
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Furthermore, challenges related to supply chain management in service and manufacturing
sector have also added to the complexity in presence of big data (Govindan et al., 2018).

Inception of Web 2.0 together with increasing growth in social media and networks has
empowered consumers to make better decisions. Differences in product offerings by competing
organisations are closed at an increasing pace to win battle for customers (Singh et al., 2018).
BDA s also critical to the success of Industry 4.0, a German government initiative, which
promotes the integration of IT, manufacturing and operational systems. The benefits of using
BDA is enormous but its adoption in many organisations is still in nascent stage.

2. Literature review on big data analytics in manufacturing systems

To provide an overview of the topic for this special issue, a broad search in Scopus database
was conducted to identify papers published in the area of big data analytics in manufacturing.
Keywords such as “big data” and “manufacturing” was selected for the search. Figure 1
illustrates the number of papers published on the topic from 2009 — 2018. In total, there were
1020 papers found after excluding non-English papers.
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Figure 1: Number of papers published yearly (2009-2018) (as per Scopus)

In terms of journal papers, Procedia CIRP was a leading journal in the area with most
contributions on the topic of big data analytics in manufacturing (see Fig 2).
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Figure 2: Documents published per year by journals (as per Scopus)



Upon further investigation into the list of papers found in Scopus database, we obtained the
distribution of papers published in various sources. Figure 2 illustrates this distribution. Figure
3 classifies the publications into articles, conference proceeding, book chapters, reviews,
books, editorial and others. Figure 4 illustrates the distribution of papers according to the
country of origin. Top 10 countries were shown with US occupying the top spot with 242
papers followed by China and Germany with 239 and 87 papers respectively. In terms of
subjects areas of these papers, computer science, engineering, decision sciences, mathematics
and business management were the top 5 areas (See Fig 5). Further, we have summarised top
20 highly cited papers published on the topic (based on Scopus) in Table 1.
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3. Papers selected in this special issue

This special issue focused on publishing original research papers dealing with big data analytics
conceptualisation, theoretical knowledge expansion and its real world application in advancing
manufacturing or service systems. This issue particularly welcomed papers on the topic of
analysing open data or publically available large datasets for improving manufacturing/service
operations. Following a rigorous review process, we have selected following research papers
to be included into this special issue. The following text introduces these papers.

Dutta et al., (2018) looked at the use of big data analytics in asset liability management and
asset allocation in uncertain economic situations using stochastic linear programming (SLP).
Issues such as the optimal number of scenarios and its impact on the stability of the model was
investigated. It was shown that a stochastic model with fewer scenarios resulted in higher
improvements in both return side measures as well as risk side measures in comparison with a
mean value model or a partial mean value model. An experimental design was also presented
to test the relevance of the proposed model.

Srinivas and Rajendran, (2018) focussed on the growing problem of decline in University
enrolments and retention rates. With the inception of Web 2.0 and increased information
availability, students are making informed choices regarding university education. This paper
used online student reviews together with advances text analytics to identify the current
strengths, weaknesses, opportunities and threats (SWOT) of a university. Their approach
included an ensemble of Latent Dirichlet Allocation (E-LDA) topic models to identify topics
that are predominantly discussed in the online reviews and categorize each review sentence
into the most related topic. Then a sentiment analysis was conducted followed by a topic-based
opinion summary (TOS) analysis for a university. A case study was used to highlight the
applicability of proposed research to improve university recruitment and retention policy and
procedures.



Table 1: Top 20 highly cited papers on the topic from Scopus
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Baek and Kim, (2018) focussed on the developing a data analytic technique for identifying significant sensor signals for detecting faults in the
manufacturing systems. The abrupt variance and the discernibility index of multi-sensor signals was analysed by extending the conventional
statistical variance and the Fisher criterion for better performances. Based on the sensor signals, a set of most significant sensors were selected to
detect abnormal cylinder temperature and engine knocking. This research illustrated that an improved detection results can be obtained when the

multi-sensor signals in multiple overlapping regions was present regardless of the operational states.




Kumar et al., (2018) looked at the use of big data tools for conditioned based maintenance in
manufacturing systems. An approach for health state estimation to facilitate autonomous
diagnostics was developed using a polynomial regression models. In particular, a model based
sequential clustering on time series sensor signals for estimating health states of a cutting tool.
The results of the model validates the performances of method on a CNC machining test-bed
equipped with sensors.

Shukla and Mattar, (2018) proposed an approach for smart sustainable auditing systems. It aims
to identify the critical barriers and their dynamic interrelations in the application of big data
analytics (BDA) based smart sustainable auditing system. An Interpretive Structural Modelling
(ISM) approach was used to model BDA adoption barriers and their relationships. The results
provide users with guidelines to prioritise the interventions to facilitate the adoption of BDA
in the sustainable auditing systems.

Alkahtani et al., (2018) proposed a decision support system which relied on the ontology and
data mining approaches with a view to improve quality of products whilst minimizing warranty
costs. This study involved integrating ontology-based text mining, self-organizing maps,
reliability and cost optimization to identify manufacturing faults. The warranty data was
effectively mapped to the design information, which was ultimately used for optimising design
parameters for better reliability, and reduced cost. Warranty database comprised of textual data
obtained from customers. An ontology-based text mining was used to identify hidden
knowledge in these datasets. Then a Self-Organizing Maps (SOM) was used to relate the
information gathered through warranty database to the manufacturing datasets. In the final step,
optimal values of design parameters were obtained by identifying areas where improvements
have resulted in the highest reliability for the lowest cost.

Lamba et al., (2018) proposed a mixed-integer nonlinear program (MINLP) for supplier
selection considering optimal lot-sizes in multi-periods and multi-products setting. The overall
objection of this formulation and solution procedure was to reduce overall supply chain cost as
well as associated cost of carbon emissions. The model used parameters involving different
dimensions of Big Data (volume, velocity and variety). The model was validated with a set of
simulated datasets comprising of essential parameters based on big data analytics.

Cui et al., (2018) analysed the impact of a free trade agreement (FTA) among China, Japan,
and South Korea using big data analytics. The study involved game theory and the computable
general equilibrium approach. The findings illustrate that FTA with agricultural protection not
only stimulates economic growth in the three countries but also reduces Japan and South
Korea’s agricultural concerns and impact on employment. In addition, it indicates that China
will increase imports of energy-intensive products from Japan and South Korea, which may
reduce domestic output and generate environmental benefits. It was highlighted from the study
that the trilateral FTA with agricultural protection may reduce carbon emission in Northeast
Asia by 6.53 million tons.

Moktadir et al., (2018) investigated the barriers in application of big data analytics in
manufacturing supply chains in the context of Bangladesh. A comprehensive set of barriers



related to big data and big data analytics was identified and examined using a Delphi-based
analytic hierarchy process (AHP) together with a sensitivity analysis to justify robustness of
the barrier rankings. An empirical dataset from five Bangladeshi manufacturing firms were
used in this study. The results of this study highlighted key barriers in big data adoption in
manufacturing supply chains in Bangladesh. The results can help managers to understand
critical barriers and potential benefits of using BDA in manufacturing supply chains.

Dev et al., (2018) proposed a big data architecture (BDA) for key performance indicators (KPI)
data of a supply chain. The conceptual framework is proposed under RFID integrated with
cloud based ERP systems. Within the big data analytics framework, the model was highlighted
to be useful as a decision support tool to help companies to evaluate their KPIs in a real-time
dynamic system. The study attempts to (i) construct a bridge between discrete event simulation
and big data analytics (ii) provide a novel method for the pairwise comparison within the
clusters and among different clusters for ANP is determined through a simple heuristic method,
and (iii) extends the studies on evaluating the KPIs in a real-time by including the role of
predictive analytics.

Liu, (2018) proposed a novel Chinese text classification model for the project management
office using fuzzy semantics and text mining techniques. In first step of this methodology, a
content analysis was used to convert important textual information and compiled it into a
keyword index. In the following step, a customer classification and decision algorithm for grey
fuzzy situations was developed to categorize the textual data. In the final step, an effective
marketing strategy was formulated to target the various customer combinations, growth
models, and the best modes of service. A real database of a company was used to highlight the
implementation of the proposed approach.

Verma et al., (2018) proposed a big data approach for detecting households with Plug-in
Electric Vehicles (PEVs) and to provide customized PEV charging incentives to managing
imbalance in the grid system. The utility industry has strong motivation to provide extra
demand due to PEVs in off-peak hours. The big data analysis method proposed in this paper
used high frequency advanced metering infrastructure (AMI) data obtained from a large-scale
utility company in Midwest USA. The results achieved an accuracy of 80% or more in
successfully detecting households with PEVs.

Srinivasan et al., (2018) introduced a novel approach to investigate the impact of climate
change on food sourcing decisions. In particular, the impact of environmental changes on the
suitability of different regions in terms of growing certain food items has been assessed. A
three-stage approach was proposed to guide food sourcing decisions by incorporating climate
change data. Uncertainties in climate change are modelled using range of publicly available
datasets to calculate the suitability and risk indices associated with growing a crop in a
particular geographical area. Results from a case study illustrates that sourcing decisions of
popular food items are likely to require significant adaptations due to changes to the suitability
of certain regions.
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Dinis et al., (2018) focused on Bayesian networks based capacity planning problem faced by
aircraft Maintenance, Repair and Overhaul (MRO) companies. A Bayesian networks as a
predictive big data tool was used to manage the uncertainty in the maintenance workloads and
to improve the capacity planning decision-making in presence of incomplete information. A
real industrial dataset referring to aircraft maintenance projects of a Portuguese MRO was used
to develop Bayesian networks. The benefits of big data analytics tool in aircraft maintenance
were demonstrated through examples referring to capacity planning and sales planning.

Fahmideh and Beydoun, (2018) proposed an approach for goal-obstacle analysis and selecting
suitable big data solution architectures that satisfy preferences and constraints of stakeholders
in presence of the decision outcome uncertainty. The approach employs goal-oriented
modelling and fuzzy logic to identify obstacles causing quality goal failures and to find an
optimal set of architectural decisions for the big data enablement process in manufacturing
systems. The effectiveness of the proposed approach was highlighted via reengineering a
hyper-connected manufacturing collaboration system to a new big data architecture.

Tewari and Dwivedi, (2018) explored a big data-driven ensemble learning for a petroleum
reservoir development and characterization problem. The problem involved detection and
recognition of underlying subsurface rock’s lithofacies. This study employed the real-time
well-logs data collected from variety of sensing tools. The proposed methodology used
ensemble technique to combine diverse opinions of experts to obtain overall prediction
decisions. The proposed big data analytics includes development and comparative
performances of popular ensemble methods such as Bagging, AdaBoost, Rotation forest,
Random subspace, and DECORATE. Comparative analysis was conducted on the Kansas
(U.S.A)) oil-field data and the supremacy of proposed method over the existing techniques used
for quantitative lithofacies modelling was established.

4. Conclusion

Finally, the application of big data analytics in advancing the knowledge in manufacturing and
service sectors is growing rapidly and selected papers highlight some of the innovative
applications in this area.

We are happy to guest edit this special issue and we believe that the papers selected in this
special issue will advance our understanding of next generation manufacturing and service
systems with the help of big data analytics-based approaches. We would like to thank Professor
Mohamed Dessouky and Professor Yasser Dessouky, editors of Computers & Industrial
Engineering, for accepting our special issue proposal. We extend our sincere thanks and
appreciation to all contributors and anonymous referees for their valuable time and efforts in
the review process.
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