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We are living in an era of data deluge and as a result, the term

‘‘big data’’ is appearing in many contexts, from meteorol-

ogy, genomics, complex physics simulations, biological
and environmental research, finance and business to

healthcare. One interesting example is that a press release of SAP AG, dated 11

June 2014 reported, ‘‘SAP and the German Football Association turn big data

into smart decisions to improve player performance at the World Cup in Brazil.’’

An International Data Corporation (IDC) report [1] predicts that ‘‘from 2005

to 2020, the digital universe will grow by a factor of 300, from 130 Exabyte to

40 000 Exabyte’’ and that ‘‘from now until 2020 will about double every two

years.’’ As the name implies, big data literally means large collections of data
sets containing abundant information. However, it has some special charac-

teristics that distinguish it from ‘‘very large data’’ or ‘‘massive data’’ that are

simply enormous collections of simple-format records, typically equivalent to

enormous spreadsheets. Big data, being generally unstructured and heteroge-

neous, is extremely complex to deal

with via traditional approaches, and

requires real-time or almost real-time

analysis. A short definition can there-

fore be that ‘‘big data’’ refers to data
sets whose size is beyond the ability

of typical database software tools to

capture, store, manage, and analyze.

For a thorough discussion on various

aspects of big data and the challenges

it presents, together with some po-

tential research directions, the reader

is referred to [2].

I . GROWING
SIGNIFICANCE OF
BIG DATA IN INDUSTRY

For modern industry, data generated

by machines and devices, cloud-based

solutions, business management, etc.,
has reached a total volume of more

than 1000 Exabytes annually and is

expected to increase 20-fold in the

next ten years. McKinsey & Company

reports that ‘‘manufacturing stores

more data than any other sectorV
close to 2 Exabyte of new data stored

in 2010’’ [3]. For example, in a con-
sumer packaged goods company that

produces a personal care product, a

single machine alone generates

5000 data samples every 33 ms, re-

sulting in four trillion (i.e., 4 Tera)

samples per year [4]. Such facts have

inaugurated the big data epoch, whichDigital Object Identifier: 10.1109/JPROC.2015.2388958
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is further fueled by the recently
emerging areas such as the Cloud,

the Internet of Things, and the Cyber-

Physical Systems.

From an industry point of view, big

data is going to play an important role

in the fourth industrial revolution [5].

The first industrial revolution (from

the end of 18th to the start of 20th
centuries) depended on water and

steam power, the second (from the

start of 20th century to early seven-

ties) depended on mass production,

based on division of labor and electri-

cal energy, and the third (from early

seventies to the present day) de-

pended on electronics and on IT for
further automation of production. The

fuel of the fourth industrial revol-

ution, dubbed as ‘‘Industrie 4.0’’ by the

German Government, will be big data

to be made available through Cyber-

Physical Systems (CPS). The goal is to

realize smart factories, in which

machines and resources communicate
as in a social network. Such a smart

factory will produce intelligent pro-

ducts (smart products) that know

how they have been produced, and

will collect and transmit data as they

are being used; these huge amounts

of data (big data) will be collected

and analyzed in real time. New
insights will thus be generated and

used to move one level up from

smart factories to smart processes,

and finally, to the level at which in-

telligent services can be provided to

the customer through internet-based

services.

The primary objective behind the
use of big data in industrial applica-

tions is to achieve a fault-free and cost

efficient running of the process, while

realizing the desired performance lev-

els, especially with respect to quality.

McKinsey suggests that manufactur-

ers could make up to a 50% decrease

in product development and assembly
costs, and up to a 7% reduction in

working capital through the use of big

data. At a higher level, the data sent

by the smart devices can help the

manufacturer to pinpoint the prefer-

ences of the consumers and, thus,

shape future products.

Process engineers, instead of
working with a physical model of the

system (which may be very difficult, if

not impossible to drive), prefer a

model-free approach and use ad-

vanced techniques to monitor, con-

trol, and optimize the performance of

the process, based only on the huge

amount of measurements. Efficient
capture and analysis of big data have

the potential to enhance productivity

with a resulting competitiveness in a

wide range of industrial sectors. From

the point of view of manufacturing

engineers, supply chain management

can be improved via big data solutions

[6]. Additionally, by the proper inter-
pretation of big data, more efficient

risk management systems can be

created to help company management

to make better-informed decisions and

improve corporate governance [7].

Based on these observations, it is ap-

parent that fundamental research

focusing on big data solution is im-
perative and critical for our life and

especially for the future industrial

applications.

II . CHARATERISTICS
OF AND CHALLENGES
POSED BY BIG DATA

IBM data scientists break big data into

four dimensions: volume, variety,

velocity, and veracity. This is inspired

by the original discussion of E-
commerce in three dimensions, name-

ly, volume, velocity, and veracity by

Doug Laney, a META Group (now

Gartner) analyst [8]. It is now re-

flected in definition of big data by

Gartner on their web page as: ‘‘Big

data is high-volume, high-velocity, and

high-variety information assets that
demand cost-effective, innovative

forms of information processing for

enhanced insight, and decision mak-

ing.’’ A further ‘‘V’’: value (sometimes

changed to validity or verification),

can be added to the 4 V’s of IBM, as

shown in Fig. 1. The ever-increasing

volume (amount of data), the velocity
(speed of data in and out), and the va-

riety (range of data types and sources)

of big data constitute the basis of its

challenges [8]. Inspired by the com-

prehensive discussion and the rele-

vant comments available on IBM

website of The Big Data & Analytics

Hub, we discuss the challenges of big
data in respect of 5 Vs, namely, vol-

ume, variety, veracity, velocity, and

value and grouping them into three as

below.

i) Volume and variety: These

translate into requirements

of hardware and software.

Both the huge volume and
the limitless variety of big data

(from simple structured data

samples to e-mail messages,

Fig. 1. Five V’s of Big data.
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tweets, facebook contents,
etc.), bring challenges in the

requirements of hardware and

software to deal with data. Al-

though the Cloud-related

technologies (e.g., Cloud

computing, virtualization,

and storage) have proven to

be successful in the Internet-
related sectors, they still need

improvements to cope with

the requirements of real-time

applications in the complex

industries such as smart man-

ufacturing and power systems.

Predictably, programming

models like MapReduce (that
has proven to be successful in

group-aggregation tasks) and

large-scale data processing

frameworks like Hadoop will

become efficient tools in the

coming years in many big-

data-based projects.

ii) Veracity and velocity: These
translate into urgency of on-

line detection/processing abi-

lity. The data measured or

collected from practical pro-

cesses or systems should be

detected timely (before any

possible corruption or mani-

pulations or becoming out of
date), to ensure adequate

trustworthiness. Although

the raw data obtained from

original sources are ‘‘washed,’’

i.e., preprocessed or filtered

before real application in

most cases to avoid obvious

irrelevant information, its
large volume can intolerably

influence the veracity of big

data because the larger the

volume is, the more difficult

it becomes to ‘‘wash’’ it ade-

quately. Given the validity of

the washed data, the next key

problem is not necessarily the
large volume, but the online

processing ability. It is the

limiting factor in the velocity

of industrial applications. The

advantages brought by ad-

vanced network technologies

of recent years have some-

what alleviated the velocity
problem.

iii) Value: This translates into the

necessity of interdisciplinary

cooperation. It is propor-

tional to veracity and they to-

gether raise the most difficult

issues for industrial use of

big data (it is to be noted that
in a recent study by Deloitte

[9], ‘‘viability’’ is named as

the fifth V, and the sum of

the 5V’s is equated to the

‘‘value.’’). How do we validate

the data that is useful, relia-

ble, and accurate from a va-

riety of huge data sets online?
And once we have done that,

how do we extract the value

from it? Besides, big data is an

interdisciplinary issue requir-

ing the cooperation of acade-

mia, industry, and enterprise.

Today, most approaches to big

data inevitably contain a cav-
ity between the ideal and the

actual. Methods and algo-

rithms focusing on data-based

aspects like statistical analyses

in business, management, and

biomedicine [10–12], data-

driven process monitoring/

prognostics [13], [14], and
system control and optimiza-

tion [15], [16] have been

widely investigated in recent

years but still on the starting

line. Many enterprises, how-

ever, regard their big data as

confidential information,

which hinders the develop-
ment of novel approaches by

academic research. There-

fore, enterprises should con-

sider a greater cooperation

with researchers and engi-

neers by making their spe-

cially processed data public

for improvements of the exist-
ing techniques and for foster-

ing new ideas. Presently, the

challenges of industrial big

data are still associated with

their properties related to

data measurement, detection,

and processing. Notwith-

standing this, acquiring the
highest value from the avail-

able big data through appro-

priate analysis, utilization,

and management should be

the most important aspiration

for modern industry.

III . EXPECTED
BENEFITS OF BIG
DATA FOR INDUSTRY

The potential benefits to be gained

from the use of big data, as well as the

challenges it will pose, will naturally

differ from sector to sector. It is ex-

pected that computer and electronic
products and information sectors, gov-

ernment sectors as well as finance and

insurance, and government will gain

substantially from the use of big data

[18]. In general terms, the use of big

data can unlock significant value in

such areas as product and market de-

velopment, operational efficiency,
market demand predictions, decision

making, and customer experience

and loyalty [19]. In fact, in a recent

study [20], the results of a survey

carried out indicated that the func-

tional objectives of the use of big data

by the respondents were found to be

as follows:
• Customer-centric outcomes

49%.

• Operational optimization

18%.

• Risk/financial management

15%.

• New business model 14%.

• Employee collaboration 4%.
It is seen that for almost half the

respondents, the most important out-

comes expected from the use of big

data are the customer-centric ones.

They would like to use information

gathered in various ways and forms

for customer analytics; to understand

customer needs and anticipate future
behaviors and thus provide better

service to them. For example, sensors

embedded in smart products are ex-

pected to, through the use of cyber-

physical systems, send niche customer

insights back, such as information on

how they are being used by the

Point of View
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customers, what types of functionality
are being preferred and what newer

functions would be welcome, etc.

Furthermore, innovative after-sales

services such as proactive mainte-

nance can be offered by means of

which preventive measures take place

before a failure occurs. In this way,

big data can be used to improve the
development of the next generation of

products and services.

IV. POSSIBLE FUTURE
RESEARCH AND
APPLICATION TRENDS
OF INDUSTRIAL BIG DATA

Big data systems can be decomposed

into four sequential modules; namely,

data generation, data acquisition, data

storage, and data analytics [1]. Each
component of this value chain pre-

sents various challenges that require

deep research into, mostly because of

the heterogeneous and complex char-

acter of the data involved. For a deep

analysis of the issues involved, the

reader is referred to [1] and [21].

As an interdisciplinary or boundary-
pushing topic, big data has the poten-

tial to attract an ever-growing attention

of both the industrial communities

and the industry related manage-

ment and finance sectors. Some pos-

sible future trends of big data for

modern industry include, but are not

limited to:
• Novel techniques and improve-

ments for big data analysis and

mining.

• Cloud based solution related
to big data storage and trans-

mission.

• Big data solution focused on

control and monitoring.

• Big-data based plant-wide op-

timization and prognosis.

• Big data solution for supply

chain and risk management
systems.

• Big data theory for modern

industrial applications.

• Big data solution for smart

grids and clean power systems.

Finally, it is reasonable to expect

that the notion of big data will extend

to other relevant fields (hand in hand
with Cyber-Physical Systems and smart

products) and create amazing addi-

tional possibilities and/or surprises. h
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