creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Master's Thesis

A Reference Model for Big Data Analysis
In Shipbuilding Industry

Yonghyeok Lee

Department oManagement Engineering

Graduate School of UNIST

2017



A Reference Model for Big Data Analysis
In Shipbuilding Industry

Yonghyeok Lee

Department oManagement Engineering

Graduate School of UNIST



A Reference Model for Big Data Analysis

In Shipbuilding Industry

A thesis/dissertation
submitted to the Graduate School of UNIST
in partial fulfilment of the
requirements for the degree of

Master of Science

Yonghyeok Lee

01. 06. 20T

Approfed by

Advisor

Changyong Lee



A Reference Model for Big Data Analysis

In Shipbuilding Industry

Yonghyeok Lee

This certifies that the thesis/dissertation of Yonghyeok Lee is

approved.

01.06.2017

Signature

Advisor: Changyong Lee

Signature

MQ{{'?}%%

Minseok Song

Signature

(] :_-f

Y
1. L-// -“"._,."’ .//

N

Marco Comuzzi



ABSTRACT

Global shipbuilding industrynas gone through a tough time due to the reduction of shipping order
guantities and shipbuilding tonnages since the global financial crisis of 2008. To overcome the
challenges, big data analysis is expected to be an effective solution to increase itted pfficiency

in the shipbuilding industry. After an organization applies big data analysis, benefits, such as better
aimed marketing, more straightforward straifgrivard business insights, client based segmentation,
and recognition of sales and markbtainces, are anticipated. In the future, the key for competitiveness

is finding an appropriate way of applying big data analysis. Although numerous studies for big data
analysis are conducted, the studies tend to focus on the technical aspect of adalgzingluding
method, algorithm, and architecture. Therefore, it is required to study how to applying the analysis
technique in the practice, specifically shipbuilding industry in this study. In this thesis, the reference
model for big data analysis imipbuilding industry is developed. The proposed reference model
provides the big data analysis guideline according to four phases such as contract, design, production,
and service. They are categorized based on value chain of shipbuilding industry. &scbquisists of

three levels of big data analysis, e.g., category of analysis, analysis method, and detailed algorithm.
Moreover, the importance of the analysis method is determined in order to increase the applicability of
the reference model. To verifiyd validation of the model, experts of the shipbuilding industry consulted
the model it is consulted by the experts of the shipbuilding industry.

Keywords: Reference Model, Big Data Analysis, Shipbuilding Industry
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l. Introduction

1.1. Research Background

The dobal shipbuilding industry has gone through a tough time due to the reduction of ship
order quantities and shipbuilding tonnages since the global financial crisis of 2008. The current
economical contexis pushing companies to produce the prodmith less cost andbetter quality
(Aramja, Kamach, & Chafik, 2015)n addition the companies are requireddo it faster and most of
all in a cost effective manner. Enermore, three major Korean shipbuilders recorded the substantial
amount of loss, over seven trillion won for tird quarterin 2015, even though Korea is one of the
top countries in the shipbuilding industue toglobalization, new competitors bring new tools and
approaches tthemarket(Younus, Hu, Yong, & Yuqing, 2009AlthoughChha 6 s s hi pbui |l di ng
hasemerged lately as the new competitor in the market, it has experienced rapid grovetiesithe
cost advantage. Most ordersthe marketvere placed for bulk carriers and tankers sectors in which
China has competitivanesson a global scaléJiang, Bastiansen, & Strandenes, 20MNy)w facing
increasingly fiece competition and hostile environmgrit is crucial for shipbuilders to finthe next
generation growtlof opportunitiesand make innovatiain internal and external environmemtsone

of the solutionsthe big data analysis is promising

The big daa analysis is data analysis based on big ddthe data analysis is responsible for
finding the hidden patternsules andinformation from the dataviost researcheia this field use the
tebmt o descri be how t heempw dataejitotied g b h d fa,opfgrmdtiaho ( (
or knowledge)(Tsai, Lai, Chao, & Vasilakos, 2015Big datarefers to the explosion of available
information.lIt is driven by the massive@mounts of very higldimensional or unstructurethtg which
are continuouslyeingproduced and storeglith much cheaper cost than they used t@Ham, Han, &
Liu, 2014). These data are generated from online transactions, emails, videos, audios, images, click
streams, logs, posts, search queries, health records, social networking interactions, science data, sensors
and mobile phones and their applicatigBagiroglu & Sinanc, 2013Jhe analysis of big data mainly
involves analytical methods for traditional data and big data, analytical architecture for big data, and
software used for minmand analysis of big datd. Chen, Mao, Zhang, & Leung, 2014fter an
organization applesome form of big data analg, benefits, such dsetter aim marketing, more
straightforwardbusiness insights, client bassegmentationand recognition of sales and market
chancescan banticipatedSpecifically, he potentiabf big data analysis in the manufacturing industry

is evaluated tonake a positive impact, such iasproved demand forecasting, siypphain planning,
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sales support, developed production operatiandweb search based applicatioiéd. Chen et al.,
2014; Manyika et al., 2011)

The existing studies of the big data analysis focused on the way of analyzing big data such as
method, algorithm, and architectuM. Chen et al. (2014introducedthe methods, ahitectures and
tools forthe big data analysidn addition,Gandomi and Haider (2015}judied he analytic methods
used for big dateEspecially, the analytics related to unstructured data are described into various areas
of text analytics, audio analytics, video analytics, and social media anaBhisg, Liu, Wang, and
Gruen (2007described thateps for planning the statistical analysis involving gename dataH.
Chen, Chiang, and Storey (201R)strated the application, data, analytics, and impacts of data analysis
in domains such agignceand technology,marthealth andvellbeing security and public safety, and
others. Theypes oftechnolog for analysis are introduced liRDBMS, data warehousing, data mining,
and othersMoreover, the processing of big data for analysis was stusiggmliryhaila and Moura (2014)
propased the framework to cope with largeale data for the analydimsed on the discrete signal
processing (DSPEven though the techniques for big data analysis are important, there are only a few
studies providing practical guidelines on how to apply ysisltechniques in specific industries. The
target areas for the analysis, which were studied in the literature, are broad like the whole industry and
the effect of the analysis was conceptually described. Although the organization wants to analyze the
data with the purpose of extracting useful values and providing suggestions or decisions, there is a
problem on analyzing the data because they do not understand what value can be drawn by analyzing
the data and how to apply it. The variqatential valuesf different levels can be generated through
the analysis of datasettepending on the applied areas in the indudtherefore, it is required to
provide a practical guideline for big data analysis specific to each industry, in this case, the shipbuilding

industry.

This thess proposes reference model for big data analysishi@shipbuilding industryThe
reference model is developed based on the value chain of shipbuilding industry. The value chain offers
the overview of the area that big data analissepplied to create the value. It is necessary to develop
the reference model that considers the characteristics of the industry to offer the effective guidance. |
provides the big data analysis guideline according toghases, such as contradsiaqn, production
and service. They are categorized according to the value chain of the shipbuilding industphasach
consists of three levels of data analysis,, category of analysis, analysis method, and detailed
algorithms.The level of guidance eels to be concrete and detailed for industry personnel to properly
understand and utilize the big data analysis results. At the level of analysis method, the concrete

guidance will be provided, such as data, detailed algorithms, and analysis result.
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This paper is organized as follows. Section 2 starts with discussing related works. Then,
Section 3describes the value chain of the shipbuilding industry. Sectiotr@duces the reference
model developed in this study. The analysis methods by each phase e¥plained. Sectidnpresents
the result of the interview with domain experts, which is used to validate the reference $ectieh

6 has a discussiamnd Section toncludes the thesis.

1.2. Research Method

The reference model development discussed in this article was realized withinphdear
researchmethodin Figure 1 derivedrom the methodor reference model developmepthlemann,
2009; Schiitte, 1998Fhe researcmethod iscomprisedof:

(1) Problem Definition. The research objective was defined and the problem domain specified as

documented ithe first section of this paper.
(2) DevelopmentThe second phase consistswo different activities:

(2a) Literature Review Research conducted by other authors amgdnizations involvinghe
shipbuilding industry, for example, data analysis in shipbuilding industry andatfedsof applying

big data analysis was also taken into consideration.

(2b) Developmentf A ReferenceModel The initial development cd reference model was

based on the knowledge obtained fribva literature review.

(3) Evaluation The objective of this phase was to validate, refine, and stabilize the initial reference

model development.

(3a) Interviews with Domain ¥perts The interviewwas conducted with experts ihe
shipbuilding industry with the objective of gathering further empirical evidence for the reference model
in order to validate it. Possible improvements were discusgagthe interview. The reference model
would then beefined or redesigned if the interview results indicated that this was necessary. It was

then concluded that the domain experts had reagbedsensus onthee f er ence model 6s

(3b) Refinement ad Referencevlodel The experience gaindéam the interview was also used

to refine the reference model.

(4) DocumentationThe documentation of the reference model contains a description refsttech

method thefinalizedreference modehlnd the interviewesults for empirical evidence.
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Il. Related Works

2.1. Big Data Analysis inManufacturing Industries

Nowadays dat# collected from all aspects in business, but the large volume of data would be
of little use if it has not been effectively analyzed so that insightful information can be extracted and
applied in the decisiemaking and business processBavenport 2006) arguedthat it is vital for
business to compete on analytics, which means "the extensive use,dftdfistical and quantitative
analysis, explanatory and predictive models, anddased management to drive decisions and actions".
In addition big data analysisan baegarde as a sulprocess in the overall processingight extraction
from big dataand used as competitive differentiator to the comg@&ayndomi & Haider, 2015; LaValle,
Hopkins, Lesser, Shockley, & Kruschwitz, 201Diere are four main goals big data analysis: (1p
develop effective methods that can accurately predict the future observatidiegygR) insight in to
the relationship between the features and response for scientific purpogeseXplorethe hidden
structures of each subpulation of the data, which is traditionally not feasible and might even be treated
as Ooutlierso6 when tthetrad inpopdntecomsnbrzfeaturessacrassmaahyl ;

subpopulations even when there are large iddal variationgFan et al., 2014; Fan & Lv, 2008)

Big datarefers tothe datathat is unable to be handled and processed by most current
information systems or methodtue tothe explosion ofavailable information(Fisher, DeLine,

Czerwinski, & Drucker, 2012)n addition,Laney (2001presented a weknown definition (also called

(4

3Vs) to explain what i s the MHeseglata atcagenerated framl u me ,

online transactions, emails, videos, audios, images, click streams, logs, posts, search queries, health

records, social networking interactions, science data, sensors and mobile phones and their applications

(Sagiroglu & Sinanc, 2013)

Manufacturers have tremendous potential to generate value from the use of large datasets,

integrating data across the extended enterprise and applying advanced analytical techniques to raise

their praductivity both by increasing efficiency and improvitige quality of their product§vianyika

et al., 2011)Big data analysis is applied in the manufacturing industry based on the value chain. The
value chain provides an overview of the business area for the company or the indasyika et al.
(2011)describes the expected effect of big data withvillee chain of manufacturing industry. The
value chain is composed of research and development, supply chain management, production,

marketing and sales, and after sales ser8ogvar and Gromley (201proposed the analysis in the

15



steel industry. They mentioned that the value chain is the impantéimat it is the starting point for

finding the advantage of the initial data analysis. Addition&Btil and Giffi (2015)suggested the
applicable analysis based on the value chain in the automotive industry. The analytics were described
on each value chain and the cross value chain. However, th@laledcription for the analysis is not

in detail and only enumerates the possible analytics. Therefore, the value chain based approach is used
in the thesis to develop the reference model for the data analysis. The analysis will be explained

specifically.

2.2. Big DataAnalysisin Shipbuilding Industry

Big data links ships, ports, ship inspection institutions, repair dockyards, and equipment
suppliers, so it isexpected to strengthen the competitiveness in the shipbuilding industry and
coexistence between smatiedium, and largsized companie®Recently, with the intention of remote
ship monitoring for better services for shipping customehfgouilders started to adopt new sensor
technology by installing different sensors for different components on bodrttaarsmit data using
satellite communications to lafithsed service centers, elgealth Monitoring System (HEMOS) by
Rolls Royce MarindHao et al., 208). After a while, builder companies realized that the collected
sensor data could also helpimpravdn i ps 6 mai nt e n a nrcadditiennfrdm theuaspeat e d e s
of regulatorsbig data analysi®n sensoenalted operation data can improve energy efficiency and
envronmental performance, safety verification and assessment, the monitoring of accidents and
environment risks, and help regulators introduce more quantified regulatichg @iministration of

ships and seas.

As importance of the big data analysis increagbe shipbuilding industrig, a few studies for
using big data analysis in shipbuilding industry were condudetthe maritime domairkl. Hwang,
Kim, Shin, Song, and Nam (201é&finedthe big dataasthe meaningful informatiogeneratedby the
navigation and communication equipment from the many ships on the &teantheydeveloped a
vessel taffic display and statistic system based on AIS messages from the many vessels of maritime.
Seunghee Oh and Lee (201dposed accident prediction mechanism using maritime big data, which
comes from vessel traffic control system. However, these studies limited the sources of data and certain
problems. There are more data that can be utilized. Big data analysis is necessary in shipbuilding
industry in that it has a lot of opportunities. Furthere, there is no practical guideline on how to apply
data analysis technique in shipbuilding industry. The reference model should include overall big data

analyses and provide the guidance for the analysis in shipbuilding industry.
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2.3. Reference Model

Therei s no mutual under st andi n(gettke & Lobsh 2004 er m O «
Generally, one can distinguish between approaches that regard models as direct representations of
reality andapproachs that follow a constructiygaradigm. The latter regard a model as a development
of one or various modelers.chn accor dance with this, a reference
mo d e | used for supporti ng (Thomas, 2006fhe luse pfmederebce o f o't
models is frequently based on the expectation that they can

accelerate the development of information systems (a time aspect),
reduce the associated costs (a cost aspect),
help to communicate innovative ideas and best practices ljty@spect), and

reduce the risk of failure (a risk aspe@hlemann, 2009)

5

Although widely accepted in business informatics, the term reference moddl abways
applied. The terms O66standard model , 0 66framewor
However, the term, reference model, is used to share the information, not for the development of other
models in this thesis. The reference nadehe study is expected to accelerate the application of big
data analysis, to reduce the associated costs, to help to communicate the ideas for applying the data

analysis, and reduce the trial and error for the data analysis.
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[ll.  Value Chain of Shipbuilding Industry

The shipbuilding value chain Figure 2s comprised of four major phaseés,,contract, design,
production, and servicelhe value chain is reorganized from the shipbuilding process of Korea
Shipbuilding Industry CooperativgKBIZ, 2012). The contract phase includes the phases of sales
activities and maeting. The design phase includes the phase of design and project management. The
production phase includes the activities required to build thessitip asassembly, marking, cutting,
and others. Finally, the servigihaseincludes maintenance, repaire¢hnical training, and customer
support. Comparingp other phasgrelatedto traditional values of shipbuilding, the service phase is

expected as a new business model using huge amount of data accumulated for several decades.

Contract Design Production Service
S S ——— O tenlostesleenlenlenlestestesteslelenlesleslestestenty oS m == ————— -~ P -~
: Estimation Signing of I Design ! Warehousing of Predictive

1 a contract Il e 11 structural steel Maintenance

N o e o o o o o o o o o B T ——

Improving energy
efficiency

1 ] 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1 1
1 1 1 1
I'| Structural steel forming procedure Structural steel assembly procedure 1 1 1
1 Pre-Erection 1 1 :
1 - i 1 1

1 | Marking |—>| Cutting H Bending | Sub- |»;| Unit H Grand | H + i E-navigation I
1 — 1 1 1
1 A ? 1 1 1
1 \ I 1 1 1
! - 1 1 1
1 Pre-outfitting 1 1 1
1 1 1 :
1 1 1

! * Outfitti ! 1 !
: [ Erection I—bl Painting H Launching H autqlual;]g H Commissioning H Naming |—>| Delivery ] : : :
\ Y]

Figure 2. Vale Chain of Shipbuilding Industry

Each component dhevalue chain is described as following:

Estimationln order toobtainan order, shipbuilding company proposes the cost for the contract.
Specification and cost of a ship are determineeigely depending on requirements from sbipners

or clients.

Signing of contractAfter discussions about specifications and cost of the shiposhiprs

andthe shipbuilding company makeontractgor shipbuilding.

Design Designprocessconsists of four stages: initial design, basic design, detail design and
production design. Initial design is a process for setting a concept of the ship and specification of vital

materials. Basic design is a process for determining detailed specificatidche ship and making
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drawings. Detail design is a process for verification of results from basic design and making drawings
for fabrication stage. Production design is a process for making drawings of each part of the ship and

settingproces®f forming and assembling.

Warehousing of structural stedlfter purchasing structural steels from steel mill companies,
the shipbuilding company stacks structural steels in a stockfamlmmpany cares about the method

to take out necessary steels on each dayrgrd prevent thelamageof steelduringthe storage.

Pre-treatment Before steel cuttingprocess severalpreliminary processes areonductedto
structural stlkeel shl &ori pgamps ea @Prsocess to el i mi
of structur al steels by hitting surfaces with si

painting steels befongrocesss of forming and assembling to prevent ingst

Structural steel formingmpcess For making components of blocks before assemtigess
several work processes are done to structural steels. Although the fgnmoaegsis composed of
marking, cutting, and bending, egatocesdas disinguishingproperties compared a structural steel
assemblyprocess

Marking. Signs for work orthenext stages are marked on steels. These signs are for gas cutting,

bending forming and assembling.

Cutting For making parts of components, structural steels darascdrawings of blocks. As

methods of cutting, there are gas cutting, plasma cutting, laser cutting and edge milling.

Bending For making curved plates of blocks, structural steels are bent. As methods of bending,
there are two categories: cold workingldrot working. Cold working processes (Bending roller,-Die
less forming, Universal Press) are for making steels as developable surfaces. Hot working processes

(Line heating) are for making steels as undevelopable surfaces.

Structural steel assembpyocess After making parts of components, parts are assembled as
small components and blocks through assenpistycesss. Structural steel assembprocessis
composed of subassembly, unibssembly, and graressembly. In a stage &ubassembly small
componerg composing oblocks are assembleDue tothese components are small and have Hight
weights, sukassembly processes can be automated aitbnveyor system. In the stage dhit
assemblyand Grand assemblysmall components and parts become blocks. iiffiee between unit
assembly and grand assembly is the size of assembled .bBlokks assembled at grand assembly
process are bigger than those from unit assembly process. Some blocks assembled at unit assembly

process make up the blocks at grand assepmnbbiess, and others become the blocks of the ship directly.
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Pre-erection Before erection (assembly of blocks) in the dock, some blocks are assembled in

pre-erection yard (between grand assembly shops and the dock).

Pre-outfitting. Before doing outfittingorocesses at the quay, some outfitting processes are done
during preerection processes. Poatfitting processes reduce mhaurs for outfitting processes and

prevent reworks of following processes, especially painting processes.

Erection Blocks from uiit assembly, grand assembly and aftergmection are assembled in
the dock.

Painting For preventing rusting, damages from waves and wind and sticking of seaweeds,
painting processes are done to the ship. Painting processes are done during forming and assembly

processg as well as erection processes.

Launching If the ship (or the part ahip) is estimated to have enough buoyancy, the ship is
transferred to the water. There are two kinds of launching processes: partial ship launching and full ship

launching.

Outfitting at quay Outfitting and finishing works like correction of deformatcare done at

guay after launching.

Commissioning After finishing all productiorprocesse and befee shipbuilding company
deliversthe ship to the owner, the ship is sailed on the sea and gets tested whether the ship satisfies the

specifications like sength, velocities at specific drafts and stability as designed.
Naming After finishing all production preesse, the ceremony for naming the ship is hosted.

Delivery. Completed ship is sailed off to the owner.

20



IV. Developmentof A Reference Model for BigData Analysis in

Shipbuilding Industry

4.1. Overview

A reference model for big data analysis has besmldped based on the literature survey and
refined considering the feedback from the intervielae model is expected to work as the starting point
for applying big data analysis to shipbuilding industtyprovides the applicable data analysis to
shipbuilding industry according to the four phases of value chain in Figure 3, e.g., contract, design,
production, and service. Each phase has categories of analysis related to tasks on each value chain.
However, the categories of analysis on the production phase of the reference model are not accordance
with the activities on the production phase of the@a&hain such as painting, erection, and others. The
categories are more likely to depend on the division of department in the general manufacturing industry.
It is because understanding of the applicable area for the data analysis is increased ihttegms o
practitioner. In the literature, the data analysis is utilized according to such categorization. The analysis

composition for each phase will be explained in the following section.

ipbuildin
Industry Indicator

1
A Shipbuilding
c ( Demand
ustomer Forecasting | ‘
® : it imate
o | :

S [ Design Process Management
i Safety x‘
e [ConceptD ign ][ Basic Design ] Design Reference Modelin ==+~ e ][Ma“age“'e“‘]. Q
Support S ort ‘
A Q i il Shipbuilding Industry 4 °
Design Detail Design Production —e e R Ship Management
N Support Design Support Service @=——————l)
<\_, P Production
Production Process ]
Management
scm ]
Maintenance ][ Safety Management ]
Optimal Sailing
® Ship Navigation
1600m L2t e
-
e 4
& S e N e
— - —a = - === o oo ) | Com
scm ) =

Figure 3. Overview of A Reference Model
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The reference modes composed ofour layersin Figure4, which arephase category of
analysisanalysis methgdanddetailedalgorithm There is a study for the big data analyslsChen et
al., 2012) This study provides application, data, analytics, and impact according tareackuch an
arrangement for the big data analysis was used in the thesis. In the reference model, data, detailed
algorithms, results are praled at the level of analysis method. The category of analysis is equal to the
level of applications in the literature. Also, the phase is compared to each area in the previous study. In
addition, the reference model was tried to be specified as posdité anspecific industry was studied
in our study.The phases categorized according to the value chaithefshipbuilding industryEach
phaseis composed of three levels of data analysis, i.e., category of analysis, analysis method, and
detailed algorithm Category of analysis is involveih main tasksor the issuedn eachphase
Considering the category, the analysis method supports to athé&purpose of it. The analysis method
is the major layer to provide the practical guideline for data analyg@sdescribed with data, detailed
algorithm, analysis result, and related technolddne detailed algorithm is the applied techniques to

aralyze dataOther alternative algorithm having the equal purpose of analysis can replace the algorithm.

I Phase
1 <Value Chain of Shipbuilding Industry>
L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e == a
[T T e e e e e T s s - === |
i Level 1 |
| Category of Analysis [
: — Main tasks involved in each category |
1
e a
S
| Level 2

Analysis Method
I — A set of analyses to support to achieve the purpose of category

! Detailed Algorithm
. — Applied techniques to analyze data

Figure 4. Layers of A Reference Model
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4.2. DataAnalysis in Contract Phase

4.2.1.Contract Phase

The $ipbuilding company highly depends on the demand of ship ovasstgpbuilding is an
ordermade production industry. Moreover, tehipbuildingcompanyis vulnerable to the market
estimationfor obtainingthe ship order. As the competition in the globahnket increases due to
emerging counteslike China and the recession of shipbuilding industry holds out, major shipbuilders
in the global market try to overcortteese situationsuch as holding a conference to discuss about the
prospect of new order magkand countermeasure for the crisis. Big data is expected to be used in the
contract phase of shipbuilding industry. It would help to forecast the demand in the market and support
sales activity. Daewoo Shipbuilding & Marine Engineering (DSME) carrieddat the development
of forecasting model foa new demand o& ship in 2015. The model forecasts the new demaral of
shipis based orthe shipd swner data, economic indicators, and ship sailing data. It complements the
character of the shipbuilding industry in which it is hard to create new demand. Shipbuilding is a
traditional ordeimade production industrthat it is difficult for manufacturergo create new ship
demands, unlike other manufacturing industries. DSME has tried to analyze data on cargo volumes,
macraeconomic indicators, and shippinglated indicators, and to preemptively discover new ship
types and technology that will lead thamket. Considering sharp reduction itheship order, demand
forecasting of ship order and supporting sales activity are important to increase the amount of orders

received. Therefore, the analyses to support thetbdtiesare describeth the following section.

4.2.2.Data Analysis Description

The analysis composition ihé contract phase is in FigureThere are two major analyses on
contract inthe shipbuilding industry demand forecasting and sales support. Demand forecasting
analyzed in detailtechnology trendand promising technology analysieind ptential customer
estimation Sales suppotis further analyzed in three methodstimation of initial production cost,
estimation of initial production period, and estimation of earnamgisuccess rate @ship orderThe
analysis method descriptions are summarized in Tablaghanalysis methods described as the

following.
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Figure 5. Analysis Composition in Contract Phase

9 Technology Trend & Promisingechnology Analysis

As theship and related technology develops, technology which is applicable to coasteuct
ship becomes varioug'he company is able to utilizeechnology in shipbuilding antb predict
prospective technology in the future by analyzing technology trend and promising technology. The ship
can be guessed based on the changéeahnology trend. For example, if technology related to energy
savingfor theship stands out, the compamay expecthatthe demand of green ship will be increased.
Unstructured data includirtpe contentsof ship technology such agip technology related patent and
paper is used for this analysis. In termglefailed algorithmtext mining and clusteringre used for
the analysisThe trend of ship technology is verified from the change of primary key words by time as
the result of applying text mining to the unstructured data related to ship technology. The importance
of the keyword is evaluated based tire term frequency. Moreover, the result is visualized as word
cloud. With text mining results, clustering is used to make a group composed of keyineardsg
affinity. Clustering resultsirevisualized as cluster dendrogram. The cluster is adjugtéueldistance
between clusters. Finally, technolofygndrelated to the ship and promising technology is derived as
the result of th@nalysis metho@P. Kim, Hong, & Koh, 2014; S. Kim, Nam, & Sun, 2016; Min, Kim,
& Ji, 2014; W. Park & Hwang, 2016)
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9 Potential Customer Estimation

Company in ordemade production industry produces the product which is custorbized
customermrequiremerd. It needs to manage customers to increase customer satisfaction and to obtain
new order in the future. Potential customer estimation supports the company to fmeganeand by
finding out the characterisgof the customers expext to make a new order. Classification information
of customer groups is helpful to establish a marketing strategy considering customer property. Effective
customer management will be conducted based onsto@er (i.e.shipping companyinformation is
used for this analysis. In terms détailed algorithm clustering is applied to the data. Applying
clustering algorithm to the information thfe current customeincluding size of fleet, region, status of
ship order, and others, customers are clustéepending on various standard in the informati®n
Kim et al., 2016) Each cluster has the property for making a ship order. For example, customers are
clustered by the size dfieship. Moreover, customers are grouped by the probability of marking a ship
order in each cluster. In the emtysters of the @ential customer by standard are generasetthe result

of theanalysis methad

9 Estimation of Initial Production Cost

It is crucial to rapidly deal with new order because the order quantity is not stable in order
made production industry. At the phase of contract, initial suggestithve nécessary cost involved in
ship production that is suitable with the requirementsbfp owner is significantThe expert has
conducted existing estimation of the production .cafter the estimatiorincluding the requirement of
ship orderis requested, the expert examines the information and estimates the cost based on similar
records with the information. The estimation result may be distorted by a subjeiEivpointon the
expert and tad&a long time becauseigt conducted byachperson. It is available to estimate the initial
production cost morguickly and accurately throughe estimation otheinitial production cost based
on the data. The requirement of the orderthiedhistorical record data includirgpecification of ship,
type and shape of ship, and component informatoaused for this analysis. In terms détailed
algorithm association rule mining is applied to the dataKim, Park, & Oh, 2005)This technique
derives the associative relation among the primary specification of shighanghrts information
correspondingo the specification. Given the required specification of the order, the most similar case
is found. Finally, the parts usadthe casarefound out as the result of thealysis methadn addition,
the initial production cost is estimateg using the unit cost of the parts to support sales activity for

obtaining a ship order.
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9 Estimation of Initial Production Period

Contractin the shipbuilding industry is concludedith the negotiation depending on the
specification otthe ship. As the existing calculation fare production griod of the ship relies on the
experb experience, the estimated period is not accurate. The agcofdhe estimated production
periodcouldbe increasetly using the historical record data. The data includes required specifications
of ship order, sizeandtype, duration oprocess activityand othersA more accurate estimation tife
production peiod is available trough estimation of initial production period. Moreover, it prevents
excessive reduction of the production period to get the order by calculating reasonable production
period using the data. In termstbé detailed algorithircase baskreasoning is applied to the data for
the analysigK. Oh & Park, 2005)Case based reasoning predicts the result of new case based on the
results of the historical cas@@/atson, 2001)It measures the similarity betwe#me new case and
historical cases. Then, it selects the case which is the most simildheuitew case. The cases having
similar specification to the requirement is searched on the historical data. Therefprec#smctivity
and the duration of it is verified @asimilar shipbuilding case as the result of &amalysis methadlrhe
overall praluction period is estimated using the result. It will be used as the estimated production period
in the sales of contract.

9 Estimation of Earnings & Success Rate of Ship Order

When the shipbuilding contract is awarded on the way of competitive bids inugtipg
industry, shipbuilders often tend to put up with the unfavorable bid conditions to obtain the order.
Accordingly, it needs to consider the earning rate of getting the order as well as the success of that.
Although the shipbuildersurrentlytry to propose the favorable bid conditions based on the similar
precedent, it takes a long time and the result nmye precise because the process of finding similar
precedent is conducted manually. By analyzing the historical bid information such asaatgotype,
shipping company, earning rate and others, the reasonable bid condlititve Werived. In terms of
detailedalgorithms, correlation analysis is applied to the ¢&thn, 2011)Correlation between the
bid condition and success & earning rate is deriwethe analysis using the data. The result will be

used to make the bid condition which maximize the profit for winning the order.
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Table 1. Description of Analysis Method for Contract Phase
Demand Forecasting
Analysis Detailed
Method Data Algorithm Result Reference
(Cho &Kim, 2011
Technolo P. Kim et al., 2014
Trend &gy 1Ship technology related paten fTechnology |S. Kim et al., 201¢
Promisin 9 Ship technology related paper § Text minin¢ trend Min et al., 2014;
Technolog fUnstructured data including | Clustering |{Promising W. Park & Hwang
Anal sisgy contents of ship technology technology 2016; Song, Park
y Jung, & Song,
2013)
Potential | Customer (Shipping company] i Potential (S. Kim et al
Customer | information €.g.,size of fleet, |{Clustering | customer by ' 2016) "
Estimation | region, status of ship order) type
Sales Support
Analysis Detailed
Method Data Algorithm Result Reference
. . fInformation of
Estimation o ﬂl(—élsto;lcglcﬁiec gggzaor;csi? ata component
Initial -9.,5P . _Ship, fAssociatior| used in ship (Y. Kim et al.,
. component information) . . S
Production {Required specification of shi rule mining| having similar 2005)
Cost q P P specification t
order
order
Estimation o I Historical performance data TDurationof
Initial calp . fCase base(| process (K. Oh & Park,
, (e.g.,sizeandtype of ship, . Y
Production . - reasoning | activityin 2005)
: duration ofprocessactivity) . .
Period similar ship
{1 Relationship
between bid
Estimation o] ¢, .., .. - . condition and
Earnings & ﬂH'stor'Cal bldmformatllon_(e.g., fCorrelation| success rate
region, order type, shipping : i . (Sohn, 2011)
Success Ral company, earning rate) analysis | Relationship
of Ship Orde pany, 9 between bid

condition and
earning rate
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4.3. DataAnalysis in DesignPhase

4.3.1.DesignPhase

The desigrin shipbuilding industry consists of four stages: initial design, basic design, detalil
design and production desigd Oh, Park, Kim, & Jung, 2014At the stage of the initial design, a
concept of ship satisfying the requirement of the ship owner and the'pspeification is determined.

The basic design describes the process of determining the detailed specifications of the ship such as
arrangement of equipment including navigation devices, housing facilities, electrical devices, and others.
Moreover, the werall construction drawings are made. The drawings made at the stage of basic design
is specified in detail to be understandable to the worker on the production field at the stage of detailed
design. In addition, the results of basic design are verifigdedetailed design. Lastly, a shop drawing

of each part of the ship is made and procedures of forming and assembling are planned at the stage of
production design. More than 12 months are averagely sent on the phase of design in shipbuilding
processMoreover, there are unnecessary cycle of tasks because the frequent change of design is general
in shipbuilding industry and it causes to carry out the task related to the change. These rework and
irrelevant cycle of the tasks need to be handled in tertheathole process of the design. The big data
analysis is able to support design phase by solving some issues on each stage of design. As the result of
the analysis, it is expected to reduce the additional time for working and increase the efficiency.

Consdering these issues on the design, the anabrsgsoposed in the next section.

4.3.2.Analysis Description

The analysis compositidn design phase is in FigureTtere are five major analyses on design
in theshipbuilding industry. They are initial desigapport, basic design support, detail design support,
production design support, and design process management. These are developed considering the
characteristic of design ithe shipbuilding industry. Firstly, initial design support has amalysis
methal, inference of similar case of ship. Secondhg basic design support is composed of two
analysis methodsThey are forecasting of ship stability and forecastinthefatigue lifetime of ship
materials. Thirdly, there isnaanalysis methodforecastig of material requirement, in detail design
support. Production design support has malysis methodswhich areestimation of duration in

production procesand optimizationof task allocation irproduction design. At last, there are four
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analysis methdson design process management. They are visualization of gesmgssperformance
analysis of design process, diagnosis & visualization of cooperation network of designpatetige
& informationanalysisof design The analysis method descriptions are summarized in Talldach

analysis metho@ described as the followings.

Concept Basic Detailed Production
Design Design Design Design
Support Support Support Support
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Figure 6. Analysis Composition in Design Phase

1 Inference of Similar Case of Ship

Initial design stage ishipbuilding industry draws the optimal concept of ship satisfying the
requirement of ship owner such as classification of freight, carrying capacity, size, speed, and expected
route. The concept of ship is generally drawn depending on the experieneedeStgner. However,
the empirical approach to derive the concept of ship is not reliable because the subjectivity of the
designer may affect the process of drawing the concept. It needs to determine the basic performance of
ship and the primary specifitah using the historical ship design dézelatte & Butler, 2003)The
data includeshetype of ship, dead weight capacity, speed, the requirement of ship owhethars.

In terms ofdetailed algorithm case baserkasoning is applied to the data. Ghased reasoning

predicts the result gtnew case based on the results of the historical ¢@gdson, 2001)It measures

the similarity betweem new case, which is the requirement of ship owner, and the historical cases. If
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the importance of each requirement is availableilitoe considered as the weight when measuring the
similarity. Then, it selects the caseéhich is the most similar with new case. As the result ofthédysis
method the historical shipbuilding casehich is the most similar to the requiremesiseected. Based

on the selected case, the value of design is referenced for the initial design.

9 Forecasting of Ship Stability

Current regulation related to the maritime safety suggests the standard for the stability such as
the limitation of capacity depeimd) on size and type of ship. However, the regulation is insufficient
because it does not cover the stability considering the property of ship and sea route. Furthermore, the
alternative of design is needed to increase the stability by evaluating theedstedgjlity considering
the characteristic dhe ship and sea route. It is assessed whether the design result is satisfied with the
standard for the stability through forecasting of ship stalfllity_ee, Choi, Park, Kang, & Lim, 2009)

Such analysis uses the data such as historical ship accident.datac€ident type, cause, extent of
damage), current regulations related maritime saéety,(naximized allowance for damage), sea route

data €.g.,wave height, wave),hip data €.g.,type, size), and others. In termsdutailed algorithm
simulation isapplied to the data. Before implement simulation, the scenario of damaging ship is
generated from the historical ship accident data. Simulation is conducted with setting actual wave state
as the variable to predict the damaged stability. It is decidednatesigned ship has the damaged
stability accord with the standard if the measured damaged stability is under the maximized allowance
of damage. In the case of exceeding the allowance, the alternative will be designed to correspond to the
standard.

1 Forecasting of Fatigue Litame of Ship Materials

Fatigue lifetimerefers to the number of repetitions or the time until the structure is
destroyed when loads are repeatedly applied to the structure. The ship's fatigue lifetime needs
to be considered in the design process as the standards of ship design that candueiopera
extreme environments such the North Sea are recently tightened. Materials with the high
fatigue lifetime wouldbe derived through foresting of fatigue lifetime of ship materials. The
data such as fatigue lifetime of ship materials madne andlimate data of sea route. Regression

and simulation are applied to the data for the analysis. The value for the forecasting model of fatigue

lifetime is calculated using the regress{@ Yoo et al., 2012)Moreover, the variables are randomly
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generated for the simulation. The effect of each variable to the fatigue lifetime is analyzed as the
distribution of fatigue lifetime is derived from random variables. As the result cdnliysis methad

the distrbution of fatigue lifetime is created, which considers the actual sea route. The distribution
describes the accumulated probability that materials are destroyed before the applying of weight is
repeated in N times, when N is the number of a agytd®n & Zhang, 2008)Such a restisupports the

decision making on selecting the materials on the stage of basic design.

1 Forecasting of Material Requirement

In the case of customade materials used in shipbuilding, the required quantity should be
predicted and materials would be ordeieddvance before actual use. Material requirement needs to
be predicted and ordered at the stage of the design so that materials can be procured before shipbuilding.
The order for the materials when they are needed causes the delay of work becaisterthmane
materials takes a long time for the production. The material requirement is predicted through the
analysis using the data. Data of ship and shipbuilding such as material and production plan is used for
the analysis. In terms detailed algorithmthe property of material requirement is derived by analyzing
how the trend of material usage changes as time goes on. The ships are clustered based on the property
and the standard for classification thie ship is reestablished. The forecasting modematterial

requirement predicts material requirement by the type of ship and the quality.

9 Estimation of Duration in Production Process

The way of operatinthe actual production proceisglanned at the stage of production design.
Production planning is conducted depending on the experience of the worker on the actsilework
operations. Reasonable production planning is important based on the proper evidence because loss in
the proft is caused by the compensation for the delay that actual work is not implemented according to
the plan. The data driven production planning will be conducted thitvegistimation ofdurationin
productionprocess The data is historical performance dsiigh as size of ship, type of shifuration
of each process activitand required specification tfe ship owner. In terms d@hedetailed algorithm
case based reasoning is applied for the analysis. The most similar case to the requirement ef ship ord
is found from the historical record data by using cased based reagdfatgpn, 2001)Theduration
of each prodction processf the selected case is used to make a production plan for shipbuilding of

new ordel(K. Oh & Park, 2005)As the result of thianalysis methodhe similar ship and trguration
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of each procesactivity of it aregenerated from the similar case to the requiremetiteship order.

This information is used as the basis for the production planning.

1 Optimization ofTaskAllocationin Production Design

Tasks of production design requires the longest working hours among the stages of design. In
addition, it directly or indirectly affects the productivity improvement because it is related to the
production ofa ship. Production design tasks have a precseleglationship due to the process based
work of it and the following task can start after the precedent task ends. The production design for a
specific block usually takes about one month because a worker is responsible for production design for
a specift block. The current allocation of the tasks is determined by the situation of the field relying on
the experience and knowledge of the production design manager. It is necessary to consider experience,
ability and past performance of the worker to allecaffectively tasks. The data driven approach is
able to consider them. The effective allocation of production design tasks is implemented through
optimization oftaskallocationin production desigriSon & Kim, 2012) The data is the task data of
production design such as level of difficulty of task and standard duration of task. Furthermore, worker
data for task is used such as the experience of design tasks, performance raria tehms ofietailed
algorithm Hungarian algorithm of optimization is applied to the data. The algorithm is generally used
to solve the optimal allocation problem given tasks and workers which are one or more. As the result
of theanalysis methadheproduction design tasks are allocated to the workers when the total sum of
duration is minimized.

9 Visualization of DesigiProcess

During the design of the ship, the complex stream of design works appears because there are
manyworks transferring due to the changes of the de$igie. to thecomplex stream othe design
work, it is difficult to understand the relationship among the design works clearly. By visualizing the
stream of design works and establishing the design prowadsl based on the event log of the design
work, it is possible to understand the relationship among the design works. The data needed is the event

log of design: for example, caselD, activitylD, timestamp, and originatorID. The algorithm for analysis

is process discovery algorithm. By using process discovery algorithms(atgorithm, Heuristic

Mining, Fuzzy Mining, and Genetic Mining), it is possible to set and visualize the process model. The

result of the analysis is the process model that treatsdeaan work as an activity.
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9 Visualization of Design Delay

The stage of designing the ship takes over twelve months on average. If the delay occurs on the
design stage, it would affect the schedule of shipbuildihge tothe delays on the design process
occurringin practice it is needed to understand the period that detayrs and the stream of the works.

By visualizing the delays on the design stage, it is possible to know the current state of the delay on
each design process, and the cause of tlag.dEhe data for analysis is the event log of design (ex.
caselD, activitylD, timestamp, and originatorID). Delay analysis method is applied to the data, as the
method for analysis. From comparison amalysisbetween the plans and actual data, it issitode to

describe the current state of the delay on each design work according to the period of the delay. If certain
work is delayed over the certain period, the work can be judged as the cause of the tedaern

design stage, and the target to ilthe delay. From the analysis, it is possible to visualize the number

of delaying days, and understand the current stateedklay on design works according to the period

of the delay.

1 Design Delay Section Analysis

When a new order of change comes on the stage of designing the ship, the delay on the design
works occurs frequently because soméhefcompleted works should be rework&le tothe design
processedeing in progresssimultaneouslyby many workers, anddnsferring the works happen
frequently, it is needed to diagnose the détetheviewpoint of the process. The data to analyzanis
event log of design, such as caselD, activitylD, timestamp, and originatorID. There are two methods to
analyze the datahefirst one is process animation. The progress of the works can be animated based
on the process model generated by the event log data. The bottleneck point can be found by visualizing
the speed of the progress on each design work, and the workloadtcateckina certain section. The
other one is performance analysis with process model. With performance analysis with process model,
it is possible to know the section and the work that consume long time on the process model. The result

of the analyses ithe bottleneck point on the design process.
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9 Performance Analysis of Design Process

For effectiveness of the design process, it is needed to analyze the performance of the design
process according to the performance on each work and worker, and the workluedbsign process.
By analyzing performance of the design process on each wase and worker, according to the
frequency of the work and the time consumed, it is possible to diagnose the current state of the process.
The data for analysis is the event log of design ¢agelD, activitylD, timestamp, and originatorID).
The methd to apply to data is basic performance anal®jsanalyzing performance of the design
process on each case, work, and worker, it is possible to diagnose the current state of the process based
on the frequency of the work and the time consurBgdcalcuhting working time and waiting time
based on the event log, the simple statistics like minimum, maximum, and average value can be
calculated. In additiorthebasic performance analysis visualizes the resu@iraphdike bar chart, pie
chart, meter chartand time chart. The result from the analysis is the performance graph in various

viewpoints like cases, works, and workers.

1 Cooperation Network Analysis of Design

However, manyworkers design the ship together during the stage of the ship design
transferring works among the workers happens frequently. For improving the efficiency by managing
the overall design process, it is needed to understand and manage the work stream among the workers.
By establishing the cooperation network among the woidkesgyning, it is possible to understand the
primary work stream among the workers, and the primary workers. The data nesdedestlog of
design: for example, caselD, activitylD, timestamp, and originatorID. The method for analysis is social
networkanalysis. Social network analysis shows the relationship among the workers according to works
transfered The node meaning the workerho has high frequency of performing the wpdppears
big. It is possible to visualize the primary relationship abbeestandard, according to the frequency
of the relationship among the workers. From the analysis, the social network among the workers who

transfer their works to each other is visualized.
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1 Knowledge & Information Analysis of Design

The error of the desigfound at producing/installing/operatidgtommissioningoccurs safety
problems and the economic loss. However, it is difficult to find inefficiency and errors on the design
process with manpower. If the inefficiency and the errors are prevented ircadwansing big data
analysis, it is possible to improve tb@mpetitivenessf production. By analyzing the data accumulated
on PLM (ProductLifecycle Management, a system faontrollingthe data and information of the ship
and offshore platform), andnfiling and resolving the problems in advance, it is needed to support the
decision making for designers and managers to take action effectively. The related technology is a
technologyof big data analysis based on PLWhen thehigh-quality data analyestechnology big
data analysis to PLM is supportetio realize the technology, five things are needed: I) a multi
dimensional data model for analyzing PLM ddta a system of online analytical processing and
visualizationfor analyzing PLM multidimensiamal datalll) a model and aengineof data mining for
analyzing PLM IV) PLM data structure integrated with internette€hnologythings V) a technique
of big data analysis faheinternet of things. By analyzing the data accumulated on PLM, for d@amp
component masters, the structure of the product, and the design information on drawings, it is possible
to extract patterns of designing and rsbandardized design knowledge. By analyzing the data
accumulated on PLM, and understanding the variousseritois also possible to prevent the safety
problems and the economic loss in advance when the errors areifodesigning, operating, and

decommissioning.
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Table 2. Description of Analysis Method for Design Phase
ConceptDesign Support
Analysis Detailed
Method Data Algorithm Result Reference

Inference of
Similar Case (

f Historical ship design data
(e.g.,type of ship, speed,
dead weight capacity)

fCase based
reasoning

I Similar case

(Delatte & Butler,
2003; Watson, 200

Ship fRequirement of ship owne
Basic Design Support
Analysis Detailed
Method Data Algorithm Result Reference
f/Historical ship accident da
(e.g.,accident type, cause,
extent of damage)
9 Current regulations related Assessing
Forecasting o, maritime safety€.g., . . stability being
Ship Stability| maximized allowance for TSimulation suitable to (D. Lee et al.2009
damage) standard
i Sea route datae(g.,wave
height, wave)
fShipdata €.9.,type, size)
Forecasting o| { Fatigue life time of ship { Probability

(C. Yoo et al., 2011

Fatigue Life | materials fRegression| distribution for Yoon & Zhan
Time of Ship|TMarine and climate data o]{ Simulation | fatigue life time 9.
. . 2008)
Materials sea route of materials
Detail Design Support
Analysis Detailed
Method Data Algorithm Result Reference
1 Progress
Forecasting o| J Data of ship and ﬂ?:rlll?gg:isn 1 Predictive valu
Material shipbuilding €.g.,material, ﬂPredictiog for material (ECMiner, 2015)
Requirement| production plan) for material requirement

requirement

ProductionDesign Support

Analysis Detailed
Method Data Algorithm Result Reference
f Historical performance dat
Estimation of| (e.g.,size of ship, type of :
Duration in | ship,duration of process |{Casebased TDuration Of. . (K. Oh & Park,
. e . process activity] 2005; Watson,

Production | activity) reasoning | ¢ °coioc ohi 2001)

Process |fRequired specification of P

ship owner
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Optimization o

i Task data of production

Task design €.g.,level of 1 Optimized
Allocationin | difficulty of task, standard |{Optimizatiorf allocation of |(Son & Kim, 2012
Production | duration of task) tasks
Design | TWorker data for tasks
Design Process Management
Analysis Detailed
Method Data Algorithm Result Reference
Visualization | {Event log of designe(g., |fProcess
of Design caselD, activityID, discovery |fProcess model/(S. Kim et al., 201€
Process timestamp, originatorID) algorithm
Visualization |  Eventlog of design €.g.,
of Design caselD, activityID, ﬂgr?;?ysis ﬂggsrirerr:t dség[ € O(S. Kim et al., 201¢
Delay timestamp, originatorID) y 9 y
T Process
_ , Animation
Design _Delay TEvent log Of (_je5|gne(.g., T Performancy { Delay section .
Section caselD, activityID, : (S. Kim etal., 2016
Analysis timestamp, originatorID) Analysis and task
' with Proces
Model
Performance| { Event log of designe(g., |fBasic i Performance o
Analysis of | caselD, activityID, performanc¢ case/task/work|(S. Kim et al., 2016
Design Proceg timestamp, originatorID) analysis r
C&(‘;?Vevgaﬁon fEvent log of designe(g., |fSocial
Analvsis of caselD, activityID, network 11 Social network|(S. Kim et al., 2016
ys timestamp, originatorID) analysis
Design
Knowledge &
Informa}tlon T Related technology: technology big data analysis based g (KISTEP, 2015)
Analysis of | PLM
Design
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4.4. DataAnalysis in Production Phase

4.4.1.Production Phase

Shipbuildingindustry has three properties: latiotensive, capitaintensive, and technology
integrated. Shipbuilding industry is the industry of comprehensive fabrications; ships are constructed
with numerous materials and components in the extensive scale, cormtpamediucts from other
manufacturing industries. Simply, the shipbuilding process can be described as cutting huge steels,
welding them, and making the structures of the ship. These processes are complicate works and demand
lots of labor. In addition, foshipbuilding, the shipbuilding company should get fabrication yards
equipped with huge facilities like building berths, docks and cranes and secure funds for management.
Due to themarket of shipbuilding being worldwide and a single market, the compei#ss of cost
and technology is very important as well. Works of shipbuilding need combination of vigpegsof
technolog like shipbuilding engineering, mechanical engineering and electronic engineering. The
competitiveness of the shipbuilding compasiytherefore, determined tiye types of technolog for
design and production.

The proceduresf shipbuilding are conducted through forming of various materials and
components, subssembly and grand assemfbsmooth procurements for materials and congs
and swift construction of components, piping and blocks are the primary factors for delaying the period
of delivery. Compensation for delaying makes profitability of shipbuilding deteriorate. In order to
manage supply chains effectively and instglipes on right time, the needs for application of big data
analysis exist. Although automation of processes in shipbuilding is inadequate compared to those of
other manufacturing industries, the quality and quantities of data collected during constittie
ship are expected to improve becaus¢hefimprovement otthe concernedypes oftechnology and
reduction of cost for introducing the sensdensidering the current circumstances of shipbuilding
industrymentionedabove the importance of thepalication of big data analysis is expected to increase

gradually.

With the application of big data analysis to improve efficiency of shipbuilding procedures
including improvement ahe types ofechnolog related to shipbuilding, management of supplyirthia
installation of pipes on the right time, etc., the competitiveness of shipbuilding industry appears to be

strengthened.
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4.4.2.Data Analysis Description

The analysis composition in production phakewsin Figure7. There are six majanalyses
on production in shipbuilding industry: production process management, production operation
management, maintenance, quality management, safety management, and supply chain management.

These are developed by considering of the characteristic of productf@shipbuilding industry.

Firstly, production process managements have visualization of production process,
visualization of production delay, production delay section analysis, diagnosis of abnormal workflow
in production process, performance analysiprofluction process, production workload analysis, and
connection analysis of the workfacility). Production operation management is composed of two
analysis methods: feedback analysis of the worker, and inspection of changes to the production process.
Thirdly, maintenance has abnormality detection of manufacturing facility, planning for maintenance,
schedule planning for maintenance, failure type analysis, risk analysis of failure, and deficiency analysis.
Quality management includes optimization of dweg quality. Safety management has two analysis
methods, safety analysis of the worker, and environment analysis of the shipyard accident. Lastly, there
are seven analysis methods on supply chain management: forecasting of supply chaimelead
diagnoss of abnormal workflow of supply chain, performance analysis of supply chain process,
visualization of delay time of supply chain, delay section analysis of supply chain, supplier workload

analysis, and logistics optimization. The analysis method deseriptire summarized in Table 3 ~ 5.
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Figure 7. Analysis Composition in Production Phase
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