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ABSTRACT 
In the data-driven economy, turning data into actionable analytics is the best way to boost efficiency, quality, 
and productivity.  The manufacturing processes are getting more and more complex due to increasing demands.   
Manufacturers of all types of products are finding significant value in big data. The application of big data 
technologies in manufacturing sector is a relatively new interdisciplinary research area which incorporates 
automation, engineering, and data analytics.  This paper provides an introduction on the use of big data in 
manufacturing. 
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INTRODUCTION 
Big data is everywhere and the big data revolution is upon 
us. Data has been helping businesses make better decisions 
for centuries. As shown in Figure 1, businesses from all types 
of industries have greatly benefited by adopting big data 
solutions [1]. This is true of healthcare, energy, finance, 
telecommunication, marketing, and sports. The 
manufacturing industry has joined the big data bandwagon 
as well. The manufacturing industry adds a lot of value to any 
nation’s economy. Manufacturing is critical to national 
economies by providing jobs and improving innovation. It is 
well known as the most challenging and complex industry as 
far as variety of the products are concerned. There are 
different types of manufacturing including biopharmaceutical 
manufacturing, chemical manufacturing, discrete 
manufacturing, advanced manufacturing, smart 
manufacturing, cloud manufacturing, offshore manufacturing, 
lean manufacturing, green manufacturing, distributed 
manufacturing, predictive manufacturing, and computer-
aided manufacturing.  Big data has been a fast-changing 
research area with many new opportunities for applications 
in manufacturing. Big data analytics can provide the 
manufacturing industry the need to succeed in an increasingly 
complex environment. 
 
BIG DATA CHARACTERISTICS 
Big data (BD) is a relatively newer technology that can help 
the food industry. The three main sources of big data are 
machines, people, and companies. Big data can be described 
with 42 Vs [2].  The first five Vs are volume, velocity, variety, 
veracity, and value [3]. 
 
• Volume 
This refers to the size of the data being generated both inside 
and outside organizations and is increasing annually.  Some 
regard big data as data over one petabyte in volume.  
 
• Velocity 
This depicts the unprecedented speed at which data are 
generated by Internet users, mobile users, social media, etc.  
 

 
 
Data are generated and processed in a fast way to extract 
useful, relevant information. Big data could be analyzed in 
real time, and it has movement and velocity. 
 
• Variety 
This refers to the data types since big data may originate 
from heterogeneous sources and is in different formats 
(e.g., videos, images, audio, text, logs). BD comprises of 
structured, semi-structured or unstructured data.  
 
• Veracity  
By this, we mean the truthfulness of data, i.e. weather the 
data comes from a reputable, trustworthy, authentic, and 
accountable source. It suggests the inconsistency in the 
quality of different sources of big data. The data may not 
be 100% correct.  
 
• Value 
This is the most important aspect of the big data.  It is the 
desired outcome of big data processing. It refers to the 
process of discovering hidden values from large datasets.  
It denotes the value derived from the analysis of the 
existing data. If one cannot extract some business value 
from the data, there is no use managing and storing it. 

 
On this basis, small data can be regarded as having low 
volume, low velocity, low variety, low veracity, and low 
value. Additional five Vs has been added [4]: 
 
• Validity 
This refers to the accuracy and correctness of data. It also 
indicates how up to date it is. 
 
• Viability 
This identifies the relevancy of data for each use case. 
Relevancy of data is required to maintain the desired and 
accurate outcome through analytical and predictive 
measures.
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• Volatility 
Since data are generated and change at a rapid rate, 
volatility determines how quickly data change. 
 
• Vulnerability 
The vulnerability of data is essential because privacy and 
security are of utmost importance for personal data. 
 
• Visualization 
Data needs to be presented unambiguously and attractively 
to the user. Proper visualization of large and complex clinical 
reports helps in finding valuable insights. 
 
Figure 2 shows the 10V’s of big data.  Instead of the 10V’s 
above, some suggest the following 5V’s: Venue, Variability, 
Vocabulary, Vagueness, and Validity) [5]. 
 
To thrive in today’s complex business environment, 
businesses must adopt a data-driven culture and leverage 
analytics platforms to make key decisions that improve 
productivity. Industries that benefit from big data include 
the healthcare, financial, airline, travel, restaurants, 
automobile, sports, agriculture, manufacturing, and 
hospitality industries. Big data technologies are playing an 
essential role in farming: machines are equipped with 
sensors that measure data in their environment. 
 
BIG DATA ANALYTICS  
Every day, data is growing bigger and bigger, and big data 
analysis (BDA) has become a requirement for gaining 
invaluable insights into data such that companies could 
gain significant profits in the global market. Once the big 
data is ready for analysis, we use advanced software 
programs such as Hadoop, MapReduce, MongoDB, and 
NoSQL databases [6].  Big data analytics refers to how we 
can extract, validate, translate, and utilize big data as a new 
currency of information transactions. It is an emerging 
field that is aimed at creating empirical predictions. Data-
driven organizations use analytics to guide decisions at all 
levels [7]. 
 
Data scientists know how to use tools that identify patterns 
and relationships that may otherwise remain hidden.  They 
are part of virtually every major industry, and 
manufacturing is no exception.  Manufacturing big data 
analytics is expected to ensure better practices, decision-
making, and a sustainable future for humankind.  This will 
involve artificial intelligence and machine-learning 
technologies to determine better manufacturing practices 
and decision-making [8]. 
 
The manufacturer industry is beginning to deploy big data 
analytics for two essential tasks: gain control of the vast 
amounts of data generated and use the right information 
to drive productivity and enhance decision-making. One-
way manufacturers can take more control of their quality 
parameters is through data analytics.  To stay competitive 
and keep pace with consumers’ fickle buying habits, the 
manufacturing industry must consider implementing data 
analytics tools.  The good thing about data analytics is that 
it can be implemented anywhere in the world. 
 
BIG DATA IN MANUFACUTING 
Data has long been the lifeblood of manufacturing. 
Manufacturing data is key to conducting data-driven 
manufacturing. Most manufacturing data is standardized 
which is supported by various industrial vendors and 
associations. Big data in manufacturing is generated from 
the production and process, from machines such as pumps, 
motors, compressors, meters, sensors, controllers or 
conveyers. In order to benefit and gain insight from the 
data collected, it must be analyzed and visualized.  When 
big data is analyzed, it opens a window of opportunity for 

manufacturers to identify and fix problems before they get 
worse. 
 
Six key drivers of big data applications in manufacturing 
have been identified as system integration, data, 
prediction, sustainability, resource sharing, and hardware. 
Based on the requirements of manufacturing, nine 
essential components of big data ecosystem have been 
identified as ingestion, storage, computing, analytics, 
visualization, management, workflow, infrastructure, and 
security [9]. Figure 3 shows big data in manufacturing [10]. 
 
APPLICATIONS OF BIG DATA IN MANUFACTURING 
The data in manufacturing is often used for operational 
purposes manufacturing organization. Figure 4 shows how 
car manufacturers use big data [11].  Different applications 
of big data in manufacturing include [12]: 
 
• Preventive Maintenance 
Operational efficiency relies on the availability of the 
machinery in the production process. Manufacturers can 
use the best big data analytics software to determine the 
status of the machine. This approach is often called 
preventive maintenance. 
 
• Product Design 
Developing new products can be expensive. Big data 
analytics software can analyze data and help identify 
trends and market changes that can be fed into the design 
of new products. 
 
• Production Management Automation 
Automation of the production management is probably the 
hardest way of using big data in manufacturing processes. 
A good example of production management automation is 
the case with GE’s wind turbines. Sensors provide data on 
energy generation and wind direction, according to which 
the blade pitch is changed to optimize the wind turbine’s 
efficiency. 
 
• Customer Experience 
Excellent customer experience has become an essential 
part of every business. The big data analytics solutions 
draw customer data from a wide variety of sources and use 
the data for in-depth data analysis.  
 
• Supply Chain Improvement 
Timing is everything. Big data enables manufacturers to track 
the exact location of their products.  Modern supply chains are 
becoming increasingly complex. Big data analytics solutions 
deliver supply chain visibility to instantly know key supply 
chain information. Big data can provide information about 
the supply chain and makes it possible to predict with greater 
certainty whether or not a supplier will deliver as agreed. It 
also increases transparency into the entire supply chain. 
 
BENEFITS  
With big data analytics, your company can improve 
manufacturing, customize product design, ensure better 
quality assurance, manage the supply chain, evaluate for 
any potential risk [13]. Big data analytics can help business 
to make informed and timely decisions, which are crucial 
for business improvement and growth. In a very 
competitive environment, manufacturers can turn to big 
data to improve their business operations. Big data can 
take a manufacturer from predictive decision making to 
prescriptive decision making. 
 
Other benefits include [12,14,15]: 
 
• Reduced Process Flaws. Data analytics can greatly 

improve assembly-line efficiency.
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• Increasing Accuracy and Yield. Big data can improve 
product accuracy during the production process. 
 

• Improving Quality Assurance.  Many manufacturers have 
turned to big data to help them improve their quality 
assurance. 

 
• Speeding Up Assembly. It helps manufacturing companies 

to know where they are most efficient, with the added 
possibility of producing more products in that area. 

 
• Improved Workforce Efficiency. Big data in manufacturing 

can improve productivity, growth, and workforce 
efficiency. 

 
• Competitive Advantage.  It is becoming a crucial way 

for companies to outperform their peers by leveraging 
data-driven strategies. 

 
• Increase Efficiency.  Manufacturing big data can greatly 

improve production line speed and quality, which 
helps a manufacturing company control costs, increase 
productivity, and boost margins.  

 
• Improved Customer Service. Big data analytics 

solutions can help manufacturers better gauge customer 
sentiment and respond to customers in real time. 

 
• Regulatory Compliance. Data analytics can be effectively 

used to ensure regulatory compliance.  
 
•  Better forecasting. Predictive modeling helps in better 

forecasting of a host of business aspects. 
 
CHALLENGES 
As far as big data is concerned, the manufacturing industry 
has its share of challenges to contend with.  The challenges 
include the following [14]: 
 
• Complexity. Due to the complex nature of manufacturing, 

adoption of latest technologies is always difficult. 
 

• Environmental Issues. Something drastic needs to be 
done to reduce the adverse effects of manufacturing on 
the environment. 

 
• Regulation Requirements. The manufacturing industry 

inadvertently exposes itself to safety risks (to humans) 
arising out of industrial accidents. 

 
• Product Development & Innovation. Manufacturers 

must constantly innovate in order to stay relevant and 
compete. 

 
• Preventive Maintenance. Minimum disruption to 

business operations is one of the main challenging 
tasks for manufacturers. 

 
• Faster Time-to-market. Manufacturers have a very 

short time-span within which to launch their products, 
else they risk losing out to competitors.  

 
• Market Volatility. Market volatility constrains continuous 

product performance, thus impeding business 
performance. 

 
• Huge Data & Manual Analysis. Manual analysis is 

inherently time-consuming and risk-laden (human 
errors). 

 
• Judicious Use.  Big data often leads managers to rely too 

much on the data and abdicate decision making. They 

need to be judicious in their use of data especially 
around privacy and sensitivity concerns. 
 

• Cyber Attacks. With the increasing adoption of emerging 
technologies in the manufacturing industry, the security 
concerns are becoming significant. Manufacturing is one 
of the most targeted industries by cyber attackers owing 
to the presence of vital data related to company and 
government, making manufacturers subjected to 
cybersecurity incidents. 

 
CONCLUSION 
The big data era has emerged.  Use of data analytics to 
make decisions about business strategy and operations is 
becoming commonplace. Today, leveraging big data has 
become a business imperative since it is enabling solutions 
to long-standing business challenges for manufacturing 
companies worldwide.  The top or leading manufacturers 
are poised to use big data technologies to capitalize on this 
and many other sources and expand their customer base 
across foreign countries. For those manufacturing 
businesses that are still wondering what big data can do 
for them, the sooner they get using big data analytics, the 
sooner it will be able to apply the latest innovations in data 
science. Once they do so, the sky’s the limit.  More 
information on big data in manufacturing can be found in 
the book in [16] and related journal: Journal of Big Data. 
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FIGURE 1: Real-time applications of big data [1]. 
 
 

 
 

FIGURE 2: The 10V’s of big data. 
 
 
 
 

 
 

FIGURE 3: Big data in manufacturing [10]. 
 
 

 
 

FIGURE 4: How car manufacturers are using big data 
[11]. 
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