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A Study of Big Data and its Applications
for Manufacturing Information Systems
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Abstract : This paper isaimed at discussing therecent developmentsonthelnternet of Thingsandits applications,
and also the impact of recently evolved Big Data on manufacturing information systems is mainly discussed.
Big Data analytics has been identified as most important technology to support data acquisition, storage, and
analytics in data management systems in modern manufacturing. The main idea of the presented work is to
clarify the requirements of predictive systems. Also to identify challenges in research and opportunities on Big
Data Analytics to support cloud-based and other information systems.
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1. INTRODUCTION

May it bethe monitoring shop floor operations, fine-tuning supply chain operation, measuring the consumer
sentiment, or any other large-scale analytic challenges, big dataishastremendousimpact onthe enterprise. The
amount of businessdatathat isgenerated isrising steadily every year and more and moretypesof information are
being storedin digital formats. Theimportant chalengeislearning how to ded with al of these new datatypesand
determining whichinformetion can be usedto provide somepotentia vaueto your business. It isnot just accessto
new datasources, selected transactionsor events, but the patternsand the relationships among these elementsthat
areof interest. Collecting huge volumes of diverse types of datavery quickly doesnot create value. We need
anayticsto uncover indghtsthat will help our business.

AnAnalytics sysemisdefined asasysemto processthe datainputsinto outputssuch asknowledge, wisdom,
and decisonsinthe system operation. The system complexity depends onthe numbersof inputsand outputs, their
correlations, aswell astheir dynamic characteristicswith respect to time considering the domain of Manufacturing,
for that matter any other domainaswell, An informetion or decision system can be measured by itscapabilities of
dedling with thevolume, variety, and velocity of data. And also its responsvenessin making decisons about system
operations. Emerging information technology affects the development and the performance of manufacturing
information systems grestly.

In our paper, weare motivated to have athoroughliterature review to (a) study the concepts, and research
trendsof big dataand itsAnalytics; (b) gainthe valuableinsightsinto Big Dataand itsinfluence in particular on
manufacturing process, and (c¢) identify new chalengesand opportunities of Big DataAnalytics.

2.BIGDATA-WHATITIS?WHY ITIS?HOW IT IS?

Collection of Dataand itsanalysis are key to any information system. The complexity and the capacity of an
information systemrelates closely to thedatathat is available and the waysto processthe data. Withthe rapid
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development of hardware and software, data hasbecome ubiquitous. The latest advancementsin technology,
the evolution of Internet, wireless networks, and low-cost memory,etc. have contributed to the exponential
growth of data.

Dealing with data has been more deeply woven into the fabric of our livesthan ever before. Big Data has
emerged asanew research field caled data science, and Big DataAnalytics comesasapromising methodology
to retrieveknowledge from the so-called massive data.

Inthat line, One example of such organizationsisthe SAP, which hasprovided ano. of successful Big Data
gpplications. They include over $1 million savingsfrom fraud detection by theAmerican Airlinesannualy, $100
million untaxed earningsby the State of Sao Paulo in Brazil and a3- to 15- timesincreasein purchase ratesfrom
HMV in Japan. The study has shown that data-directed Big DataAnalytics achieves up to a 6% productivity
boost; Similarly, astudy conducted by IBM indicated that the organizationsthat leverage big datawill outperform
their peersby morethan 25%.

The ultimate driving forcefor all theseisto fill any gaps of interactionsamong people and aso changethe
busness modelsof organization. The development of embedded systems, micro systems, and electronicsstimulates
theinnovationand vaue adding acrosseconomies (European Commisson, init report, 2013). Therecently developed
Internet of Things (10T) hasattracted theinterest of public and investment in many research domainsall around the
world. Also the cloud-based application needs support from Big Data
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Fig. 1. Bigdata, loT and the Cloud.

AsshowninFigure 1, anInformation system can be compared analogousto amanufacturing syssem. The
acquired datacan be viewed as Enterprise data materials and the products are knowledge, wisdom, or decisions.
For datacollection, 10T enablesthe cloud to gather datafromvariousdatasourcesincluding the Internet, sensors,
log files, traditional Relational Database Management Systems(RDBMYS), and tracking systems. Thevolume of
dataisgrowing congstent with Moore'slaw [11]. For themanagement of fast growing data, cloud computing
offersreliable services by deploying cloud data centers. Some examplesof such technologiesare MapReduce and
NoSQL. They are needed to deal with big dataand to retrieve relevant data effectively. For utilization of data,
different toolsare developed to analyzetheretrieved dataand extract knowledge to support decison-making
activities.
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The present trend isthe Service based economy. Organizationsare getting their products (knowledge, wisdom,
or decision) viaservices. They areableto access dataand data-processing toolsfrom acloud anywhere and at
anytimeit isrequired. The cloud includesinternet-based data access to affordable computing applications. The
datathat isstored in the cloud is operated in the write once and read many (in short - WORM) term. Thisis
different from thetraditional write many and read many (inshort - WMRM) in storage systems. Thus, thedata
stored inthe cloud can beaccumulated rapidly ashig data, particularly whenthere are millions of thingsinput data
into the cloud. The concept of Big Data isabout the characteristics of the datasets and the methodologiesfor
processing the data.

There are several definitions of Big Data, and most of the definitionsrefer to the growing technologiesto
capture, aggregate and process an ever-greater volume, velocity, and variety of data[ 7]. Big Datarefersto the
datawhose volume, velocity, and variety is morethan the capacity of an organizationto processand andyzeit inan
orderly manner. Apart from the above described V's, Big Dataalso come with abig dimensionality. It refersto the
explosion of featuresor variablesthat bring new challengesto dataanalytics. Big Dataimpliesfine-grained data,
which candescribe the same event with something much more precisaly to support better decison-making .

3.CASESTUDY —ANALYTICSAND INFORMATION SYSTEM SIN MANUFACTURING

Inthe current section, wearegoing to discussthe gpplication of Big DataAndyticsin particular to Manufacturing
Systemsisdiscussed. A manufacturing system needs andyticsto take decisionsfor operationsat variouslevelsand
domains. For any information system, the complexity dependsontotal number of inputsand outputsaswell as
their relations. | n manufacturing systems, several workers have investigated theimpact of I T, such asmainstream
computers, sensor networks, and obvioudy thel nternet, on the development of information syssems[2][14] Inthe
following sections, welook into (1) how the scde and complexity of information syssemsischanging; (2) available
hardwareand software | T for thisinformation systems, and (3) therequirementsof loT-based systems. Ascloud
manufacturing has beenidentified asthe most promising paradigm for next-generation manufacturing systems, we
pay our attention to therolesof Big DataAnayticsin cloud manufacturing.
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Fig. 2. Evolution of Manufacturing Technologies and Information Technology(IT).
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The advancement of amanufacturing system can be measured by scale, complexity, and responsiveness of
automation[2][8]. Asshownin Figure 2, thelevelsof dl thesethree matricesareincreased continuoudy over time.
Theevolution of manufacturing technologiesis classified into the phases of usng Numerical Control workstations,
Computer integrated manufacturing, flexible manufacturing systems, distributed manufacturing . Various software's
that support these manufacturing technologiesare Quality Control , Tota Quality Management , Product Lifecycle
Management (PLM), Enterprise Requirements Planning and Software. Also the these services of Cloud namely
Service (SaaS)/ Infrastructureas a Service (1aaS)/Platformasa Service (PaaS). Correspondingly, the volume,
velocity, variety of the data of different information systems hasbeenincreased tremendoudy fromstreamdata in
the digital erato big datatoday. I T hardware systems must be capable of processing datain atimely manner.
Parallely, the computing environmentshave changed from mainframe, servers, thelnternet, to today’s Cloud.

Now it ispossibleto connect with people around the world with technology; also, It brings new possihilitiesto
share knowledgeviacollaboration over thecloud [12]. Cloud technology will alow organizationsto change their
business modelshy catching new businesses, enhancing productivity, minimizing cost, accelerating deliveries Also
it helpsinmaximizing satisfaction of the customer and market share. Thus, the cloud concept wasadopted by
manufacturers as Cloud Manufacturing (CM). CM can bedefined asacyber-physica system; it offers on-demand
manufacturing serviceswith anoptimized utilization of manufacturing resources. Cloud Manufacturing isacustomer-
oriented manufacturing model. Organizations benefit fromthe share-to-gain philosophy so that manufacturing
resources and expertise from different resourcesare used to provide participants with the enhanced capabilities
thusoffering avery highleve of cusomer satisfaction.

Withfast growing wirdlesssensor networksand I nternet of Thing (1oT), the datahave become ubiquitousand
eadlly accessble thusit contributesto theBD manufacturing environment[5]. Theinformeation processng isbecoming
moreand more powerful and flexiblenowadays. I nformation sysems can benefit from Big Datagrestly in performing
5C functions namely, ‘ connection’ with sensors and networks; ‘ content’ to mine correlations and meanings,
‘community’ to share data and promote socia interactions; and ‘ customization’ to personalize products or
sarvices; doud’ to goreand provide dataanytime and anywhere. Thus, Embracing Big Datain Informeation Sysems
isactudly an expansion of conventiond | nformatlon Systems
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Fig. 3. A sample Manufacturing Plant.

An enterprise system can continueto take decisionsregarding operationsinvolved in the product lifecycle
from raw materids, about manufacturing processes, assembling, to final productsand after-sales and services.
However, theboundary of amanufacturing systemwithits businessenvironment isbecoming very vaguefor good
reason. Any manufacturing system should providevaueto its customers. Thisvalue stream may include product
development and itssupply chain, businessrelationships,etc. The capabilities of the Information System must be
enhanced greatly inthe sensethat (1) relevant datainthe cloud arrives not only fromthe enterpriseitsalf, but aso
fromother sourcesinloT, including al participatorsin its supply chains, (2) Big Datamanagement tools become
essentid toretrieverdevant data; and (3) all of thedata utilizations are performed by connecting to servicesinthe
BigDaa
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4. CHALLENGESOF BIG DATAIN MANUFACTURING

The business modelsfor both information and communication technology providersand their customers,
including manufacturing organizations have changed by Big Data. Big DataAnalyticsis helping manufacturing
organizations to process huge data and gain global competitivenessfor their business. In Big Data, all of the
applicationtools, platforms, and infrastructure are connected and accessed as servicesover the cloud[14]. Big
Data hasagreat impact on manufacturing enterprises. Any Enterprise systemsrelieson datato fine-tune supply
chains, planand scheduleitsoperationsat the shop floor, gauge consumer sentiment, and somego asfarto say to
make strategic plansbased on, * high-level analyticson large-scadedatasets .

However, Big DataAndytics and itsapplicationin Cloud Manufacturing areill at the budding stage. Inthe
survey of over 500 large-scale companiesmade by TATA (2012), therewere severa interesting findings, indluding:
(2) onlyasmal no. of companieswas using Big Data, even thoughtheno. of these companiesisrapidly increasing;
(2) thebiggest driver for using Big Datawasto standardize the business processes and softwaretoolsrather than
tominimizel T cogts, (3) thelargest Big Datauserswere the manufacturerswho provide I T hardwarefor Big Data;
(4) the mgjority of the organizationswerereluctant to put their applicationswith sensitive datainthe cloud; (5)
enterprises assessed Big Datavendors mostly ontheir security, reliability, and uptime capabilities. Wegener and
Sinha (2013) found that many executivesdid not think their enterpriseswere equipped to utilizeBD. Among over
500 global companies, only 5% of themagreed that they had theright people, right intents, and appropriate tools
for big datato obtain meaningful insightsfrom the dataand act uponit accordingly.

4.1. Protection of privacy of thedata

Privacy isoneof theimportant challengesfaced by big data. It especially comesinto picturewhendataare
shared among industry sectors. Ingenerd, privacy isrelied largely ontechnologica limitationsto extract, andyze,
and to correlate sensitive datasets. However, the advancesin Big DataAnalytics makesit easy to extract and
compare the data. Therefore, the big data analytics methods must consider the privacy principles and
recommendationsto ensure the safety of gpplication over thecdoud. Data provenanceisanother important challenge.
It ishardto validate that every data source meetsthe required trustworthinessto produce acceptableresults. It is
required to consider data authenticity and integrity in developing Big DataAnalyticstools. | mplementation of
Analytics requiresabalance between opportunitiesand security assurance. For example, aircraft manufacturing is
complex; it requires global technical collaborationover itslife-cycle, while engineering datamust be under strict
control eveninthecloud [1][14].

4.2. Other challenges

Different fromthe application of Big Datain other areas, Cloud Manufacturing operateson the manufacturing
resourcesand their associated services, domain-services should be developed onthetop of SaaS, PaaS and 1aaS
, uchasTesting asa Service, Simulation asa Service, and Management asa Service, Production asa Service,
DesgnasaService. Besdesthetechnical challenges, the gpplicationsof Big DataAnayticsin manufacturing aso
face the problemsof increasing financialscosts, scarce solutionsfor integration of verticals, lack of workerswith I T
kills, and lack of SME focusby I T vendors (KPM G 2011). Fromthe perspective of the hardware development,
Zou, Yu, Tang, Chen, and Chen indicated there are the gaps between the required capacity of computation and the
available capacities of the high-end computing machines.

5.DISCUSSION

Leveraging onabundant datato obtain smarter decisonsrequires new thinking. Big Data doesnot mean that
enterpriseshad only ‘small data before. It meansaradical shift of dataenvironmentsin termsof volume, velocity,
and variety. Big Data creates an architectural upheaval where systems, storage, and software areconnected and
managed. Thedriving force for Big Dataisthe software and platformsfor infrastructure and analytics. Four
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primary technologiesto accelerate processing over huge datasets are grid computing, in-memory analytics, in-
database processng and Hadoop [4] .. Grid computing provides dynamic workload baancing and pardlel processng
for data management and anaytics. I n-database processing uses scalable architecture to reduce processing time
for preparing and analyzing of data.

Of all, the significant architecturesavailableto deal with Big DataAnalytics are the Extended RDBM S and
MapReduce/Hadoop. Hadoop isthe primary infrastructure used to distribute, manage, and query data across
multiple, horizontally scaled service nodes It isan open-source product fromApache, and Not Only SQL databases
do not require significant license costs of traditional systems; [3][5]. Apache Hadoop consists of two main
components, i.e., (i) aHadoop Digtributed File System (in short, HDFS), which isasdlf-healing, high-bandwidth
clustered storage, and (ii) MapReduce, which isfault-tolerant distributed. A no. of Hadoop implementationsare
appliedinIT giants such as Google and Yahoo. Hegeman et . designed alogica workflow based on MgpReduce;
it consistsof threelevels of datadependency, i.e., inter-query, inter-job, and intra-job.

6. UMMARY

Cloud has started becoming theinfrastructure for analytics services on pervasive and scalable data; More
than 50% of large companieswill adopt the cloud for their data management by 2016. Extracting knowledge and
wisdom from huge data sets needs scalable and intelligent algorithms, and corresponding applications. Big Data
and its tools have been developed and described to serve this purpose; Big Data has been used in predictive
analyticsfor decades. However, Big DataAnayticsisfacing new challengesdueto therapid growth of datain
termsof volume, velocity, and variety fromthe [oT.

Attention and Focus should be kept onthe gpplicationsof Big DataA ndyticsin cloud manufacturing. Nowadays,
the success of amanufacturing organization reliesgreatly on the advancement of I T to support and enhancethe
vaue stream. Big DataAnalyticstoolshelp an information systemto capture, process, and use ubiquitous data
fromloT effectively. It dlowsamanufacturing enterprise to capturebusiness opportunities, to readily adapt to
change and to deal with uncertainty promptly. However, the development of Big Data Analytics for cloud
manufacturing is preliminary; intensive research efforts arein demand to addressthe concerns about integration
frameworks, advanced Big DataAnayticstools, privacy protection, customized gpplicationsfor SMES, and other
challenges. Thisreported work will beused asaguidefor usin developing integrated Big DataAnalyticstoolsfor
cloud manufacturing.
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