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Summary

At this present time, a trend that is increasingly finding its way into our daily lives, as well
as into industrial production, is thatfhternet of Things (IoT9, an emerging global
Internetbased information platform, which has gained popular attention iaghéew

years (Weyer et al., 2015). The emerging technology surrounding the concept of 10T is
increasingly being considered to provide new problem solutions in manufacturing,
logistics and Supply Chain Management (SCM), and furthermore commiavisionel to
becomehe fourth industrial revolutiofPorter and Heppelmann, 2015). Consequently,
with the rapid development of new techogies, manufacturing companieseds to keep

up with the technological developments in order to avoid lagging behind.

The am of this master thesis has beenléwelop an loITechnological Maturity Model
(locTTMM) that can be utilized for assessmentompanies” curreriechnology statused

to the concept of Al nternet of Thimps (1 0T)
for providing companies in the manufacturing industith recommendations for future
technology adoption and development. This master thesis has been a part of the project
fiManufacturing Network 44) and an irdepth case study of four Norwegian

marufacturing companies wasirried out to develop and refine the IoTTMM in the
development phase. The final model was then used for an assessment of each of the
companies’ current technology statuswigard to the concept of loThe exploratory
researchmethod was applied in this master thesis the purpose was to investigate a
research area that is undesearched.

The concluding remarks of this master thesis is that the developed IoTTMM reflects a
presuned evolution path of the use of ld@&chnologisthrough eight maturity level$or
manufacturing companies. The model may serve as a tool for managemeoiting the
adoptionand developmerdf technologies tied to the concept of 10T. In addition, the

model can be a reference frame for assessingani®s technologicamaturity level tied

to the concept of 0T as well as being a benchmarked against other manufacturing
companies, and for implementing an approach for technology improvements. Specifically
for this research, the technological maturéydl of the Norwegian manufacturing
companies gives knowledge of the current technology level of these companies, as well as
providing a direction path for technology adoption towards the concept of IoT and the

envisiona fourth industrial revolution.
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1.0l ntroducti on
In this chapterthe background, the research problem and the motivasi®mwell aghe

structure and limitationsurroundingour master thesis, will be outlined.

In the present business environment, characterized by globalization and increasing market
competition, companies worldwide have realized that it is not sufficient to improve
efficiencies within their companies, in order to survive. Instead, companies have realized
that their supply chains have to become competitive. Because of the complex nature of
supply chains, where various activities, encompassing multiple functions and
organizations, are performed, substantial efforts needs to be taken to enhance the
performance of the supply chain. In this context, efficient cooperation among supply chain
partners is considered to be an essentially issue to both create and maintaineompani
competitive advantags. Furthermorghe companieghich are able to achieve efficient
cooperation with their supply chain partners, are considered to attain improvements with
regard to increased product quality and flexibility, reduced lead timesvanallacosts
(Marinagi et al., 2014; Patterson et al., 2003).

The traditional way of managing supply chains has changed dramaticallthevast
decades, prosperifigpm paperdominatedorder processing systems, and Fax:€ace
management, to a papesteordeprocessing with the use ohterpriseResourcellanning
(ERP)systemsand other information technologis managing supply chainéccording

to Ketikidis et al. (2008), the currently most used information systemsntemdied to be
implementedn the future are Enterprise Resource Planning (ERWParehouse

Management System (WMS), Material Reguients Planning (MRP), af&hrcoding In
addition, more advanced technologies adliB Frequency Identification D), global
positioning satelliteand wireless and mobile technology have more recently been applied

in manufacturing, service, logistics and distributions, and retail (Ketikidis et al., 2008).

1.1 Background

Information Technology (IT) is considered being a key enabler for building competitive
advantages throughout the supphain.The current diversity of IT, offers supply chain
actors a vast amount of tools and techniques, that can be utilized to enable efficient
information flow management, which in turn can improve the overall supply chain

performancgMarinagi et al., 2014)nformation and Communication Technologies (JCT



is a combination of electronics, telecommunications, software, networks and the

integration of information media, all of which plays an increasing role in businesses,

industry and the economy as a wholpylu and Latham, 203 Farhadi et al., 2032The

use of ICT is considered as a prerequisite for the effective control of today's complex

supply chains (Fasanghari et, @008) Furthermorethe use of ICT has provideddigital

platform for integrationcooperation, new ways of storing, sharipgpcessg, and
exchangingnformation, both within companieand with customers, supplieaad other

partners. ICT further enables a compémynanage information and knowlgsldatabases,

for making effective managerial decisions and strengthen thpetidive advantage (Luo

and Bu, 201k In the last decade, the world has experienced a fundamental transformation
through the emergence IGT. The size of computers has continaly become smaller,

leading them to vanish inside virtually all of the technical devices we are surrounded with.
Beyond this, things and objects @.technical devices, cars, cameras, etc.) communicates

via the worldwide network: the Internet. This tréadncreasingly finding its way into our

daily lives, as well as into industrial production. Furthermore, this trend has resulted in the
introduction of the c(deyeretpl;206f Al nternet of
filnternet of things (1019, also referred tas thefiinternet of Everythingor thefindustrial

Interned, is an emerging globahternet based information platform, which has gained

popular attention in the last few yeatdgcording to Zhang et al. (2016), the widespread
deployment of Wireless SemsNetworks (WSN), embedded computing and sensors has
fostered the rise of aHurthérinaredmestiomed lgekand nt er n €
Lee (2015)fil oT i s a new technology paradigm envi
machines and devices capablé ait er act i ng wi th each othero.
spotlight in the year 2005, when the International Telecommunications Union published

their first report, and has further become a key cpinsiace the year 2009 ¢rter and

Heppémann, 2015Sehgal 2014.

Gartner (2014) forecasts that the 10T will reach 26 billionsuioyt the year of 202@n
increase from 0.8illion in 2009, and its consideredhat this will affect and increase the
information available to sygby chain partners, anftbw thesupply chain operates.
McKinsey Global Institutdas developed a research to calculate potential value from loT
technology. Since theoncept of IoTis quite new, their assessment is only potential
estimations of economic value. A bottamp approach was ad in order to measure the

impact of loTfrom the perspective of the whole value chain (businesses, customers,



suppliers and governments). Their results indicates that the estimated eciomoacicof
loT-applications could range from $3.9 trillion to $tillion per year in 2025, where the
declining costs of technology will have an impact. From their estimations, factories are
likely to have the greatest potential impact from I0T, with as much as $3.7 trillion per year.

Currently, the concept of 10T igcognized as one of the most important areas of future
technology, which is gaining vast attention from a wide range of indudties

commonly being envisioned to becoming the 4th industrial revolution, based on
technology innovations, smart materiated enhanced manufacturing operations.
According to Haddara and Elraga0{5, the connection of smart devices through the
Internet are envisioned to transform how factories operate, buildings are managed, and
vehicles are maintained and operated, andr@lly result in an almost limitless number
of new industrial processes, functions aedvices The energing technology is

increasingly being consider¢al provide new problem solutions in manufacturing,

logistics and Supply Chain Managemég8CM) (Poiter and Heppelmani2015).

The envisionedth revolution currently comprises different initiatives, entitféadustry
4.0 (Germany)iSmart Manufacturingg(USA), thefiindustrial Internes, fiFactories of the
Futured andiiCyberPhysical Systenis where mahines and systems are networked
together to completely automate and optimizedpotion (Porter and Heppelmar15).

In Norway, the attention around the vision of the 4th revolution and thepbotloTled

to the initiation of the projediManufacturing Network 4.@ in Molde in2015.

The vision of the fouyear longiManufacturing Network 4d@project is to create a
knowledge platform between research and industry that enables Norwegian manufacturers
to expand the concept of Industry 4.0 from thedactevel and towards the integration of
global manufacturing network# central part of the project is the idea of an increased,
long-term competitiveness for the Norwegian manufacturing industry

The research project will be carried out in aoperaton between Molde University
College andheNorwegian University of Science and TechnolgiyyfNU Trondhein),

with partners as Mgre Research Centre (Mgreforskning) and SiNaidFother interests

L A broadly based, multidisciplinary research institute with international expertise in technology, medicine
and social sciences



as IKubenR, and the manufacturing companies Ekornes ASAglRépNorway AS, Kleven
Maritime AS and Brunvoll AS. The project was introduced to us by our superarse

found it to be very interesting to perform a research and write our master thesis as a part of
the iManufacturing Network 4®project.

1.2 Research problem

Manufacturersvorldwideare facing increasingly complex and competitive environments
when performing their businesses. As trade barriers crumbles and less developed countries
are entering the competitive marketplace, organizations are moreviabefore

confronting a greater amount of competitors, which are able to introduce new products and
services faster and cheaper (Patterson et al. 2003). The international competition and
global urcing of production are considerambe two of the majoforces,which in these

days creates demand for a new excellence level in manufacturing.

According to Patterson et al. (2008)ganizationsnust be able toanovate at the global
frontierand commercialize a stream of new products and processes vaddshdea shift

in the technology frontier, progressing as fastat hei r r i val s @dtlyyaat ches
challenge for manufacturers is the escalating technological change, as exemplified by 73%
of Fortune 500 leaders, saying that keeping up with tdogimal change is their biggest
challenggJeeger et al., 2016). Furthermore, innovation is becoming increasingly important
for organizations and regarded as a competitive necessary for future siesess

technologies, and the emerge of the loTmay hae a significant impact on the direction

of innovation efforts (PwC, 2013).

Thetechnology developments manuiarers are currently facingeateshallenges that

needs to be addressed. Meaning that the manufacturers for instance need to decide on what
technologies to invest in, when to invest, and how to implement them while maintaining
production.Much of the existing research surrounding the concept of IoT and its related
technologies has focused on the expected gains, and problem solutions for sajngly ch

In order to bable to keep up with technologicdlanges, manufacturing companiesd

a tool in order to assess their current technological level with regard to the concept of IoT.
Which further carcontribute to give an understandable overviewhefpath towards the

envisioned optimal level with regard to 10T in the future, seveas a guidance for future

2 A cluster of 27 innovative and internationatlyiented companies in Mgre and Romsdal in the field of
propulson, lifting and petroleum, operationsn an ETGbasis



technological developmentSearching through the existing literature, a suitable tool that
was identified for this purpose was the matumtydel. A maturity model describes the
development of an entity over time, through different development stages (Wendler,
2012). Several maturity models have been developed within different domains through
time. However, to our knowledge, there are cutiseno models that can serve the
purpose of assessing the technological maturity level tied to the conceptfof lo
manufacturing companies

Maturity models have through time been an important instrument, and commonly been
applied, to assess organizasocurrent stage within specific areas, in order to come up
with improvements and provide guidelines in order to reach higher maturity levels
(Poeppelbuset al., 2011; Wendler, 2012).

Pressures to gain and remain competitive advantage, finding wayhkioing costs,
improving quality, reducing timé&-market, etc. are swounding manufacturing
companiesMaturity models have been developed in this setting, in order to assist
companies to overcome such pressures and to achieve goals and stratesiéste,

with the rapid development of new technologies, there is a need for a research on how to
develop a model for assessing manufacturing companies™ current technological level with
regard to the concept of 10T.

Based on the background previously outlirzad the properties surroundimgturity

models, the firsaim of our master thesis is to develop an-Telchnological Maturity

Model (loTTMM) with the foundation of the existing research and literature surrounding
maturity models anthe concept of [6. In compliance with this, and to guide our

research, the research question related to the master thesisrfirs:

RQ1: How can an lolTechnological Maturity Model for assessment of Norwegian

Manufacturing Companies lokevelope@

After having developethe IoTTMM, the model should be tested in a4léalsetting.

Since the model will be developed based on the existing literature, there is no assurance
that the model can be used directly into a practicad8dn, and therefore testitige

model is cosidered to be required to confirm its validity and applicability. Furthermore,
since this master thesis is one of the first deliveries in the pfdfisstufacturing Network
4.00, the participating manufacturing companies and other project participantsedop

two initial needs. The first need was an assessment of the companies™ current technology



status with regard to the concept of 10T, and the second need was to receive
recommendations on how to develop their current technology statt@mnmpliance with
this, and to guide our research, the research questions reldiednhaster thesis neaitm

is:

RQ 2 What is thecurrent loFTechnological Miturity Model level forthe four selected
case companies?
RQ 2.1 How can the case companies develop in aimieeach a higher level on the loT

Technological Maturity Model?

1.2.1 Limitations

Since the research field surrounding the concept of 10T is a vast research area, we will
delimitate us in this research to focus on the technology surrounding the concept of IoT
and the technology adoption in manufacturing companiesaniig that potential
consequences dar instance business processasart materials, and smart
manufacturing, etc.are out of sope for the development of th@&l TMM, as well as this

master thds.

1.3 Motivation

With regard to the industry and business environment, the impact of 10T are seen to
become most visible in fields such as automation and industrial manufacturing, logistics,
business process management, and intelligent transportatioods god peopleAtzori et
al., 2010).

Furthermoremany manufacturers have started to realize that their conventional
automation systems are standing in the way for the ability to respond rapidly to the
changing market conditions and demands, and to lee@lsbmpete effeately in the

global economy. Thereforéhere are currently an increasing focus ohrtetogy
developmentwith for instance use of robots and 3D printing to enhance productivity in
manufacturing.

The concept ofoT further encompasséise connection of industrial equipment and
systems, to communicagth each other, and shadata withIT-systems and people. The
availablity of data and information is considered being a crueietior for enabling an

efficient value chain. Whereasdsharing of this information regardéunlbe the heart of



supply chain collaboration, and an important advantage for supply chain partners in order
to survive in the current global competitioharacterized by uncertainty

In this context, techrogy is identified as anmportant and enabling factor for thencept

of lIoT and theenvisioned next revotion, which correspondinglgontributed to catch our
attention and interest. Furthermore, our motivation originated from the impressionethat t
concept can auently be seen to be new for many companies and industries, in addition to
be of a diffuse character, since it is still only a future visidns impression was
strengthened after participating on a workshop in the prianufacturing Network

4.00. Furthermore, searching through the literature it was found to be lacking a model for
assessing what technology level the companies currently avidloregard to 10T

Therefore, we found it motivating to develop an IoTTMM for assessing manufacturing
compates technology level tied to the concept of IoT. We believe that developing an
IoTTMM is needed for both the industry and the academia, due to-folslexl reason.

The need occurs because of a business problem, since the companies in the project needed

to address their currently technology level and achieve recommendations for further
technology development, as well as acquiring a more thorough understanding of the
concept of loTIn addition, the need occurs because of a literature gap, since there was

found to be lacking a maturity model tied to the concept of loT.

We hope that our master thesis can give valuable insights to different parties:

1 For the projecfiManufacturing Network 44) the participating companies can get
knowledge on where they arethre path towards the concept of IoT, In addition, the
model can provide them with recommendations for future directions of technological
development. Further, other stakeholders in the project can get an insight of the
companies’ current technology adoptiand status

1 For manufacturing companies in Norway, as webbt®er countrieshe model can
contribute in the similar way as described for the projecta, namely contribute to
provide knowledge of their technology level regardimgconcept of loTand
recommendations fduturedirections of technological developments

1 For Molde University College, the model can serve as a basic overview for the path
towards the concept of 10T, and be an initial point for further development and
research.

1 For theauthors, to broaden our knowledge arouraturity models anthe concept of

loT, as well as contribute to amderstanding ahe importance of technolodgr



manufacturing an&CM. In addition,the case study armbmpany visits will increase
our learningand understanding of business environments by blending theory and

practice, which we will bring with us into our future jobs.

Lastly, from the point of view of our personal motivation to explore this topic in our
master thesis, we truly believe that tlemcept of 10T will influence industries a®CMin
the future, and that companies needeet®p up with technologgevelopments in order to
avoid lagging behindVe also find it motivating to get an insight of the importance and
impact of technology on mafacturing, which for instance can contribute to enable less
costly productionThis can @irther lead to reduce the trend of @uicing, and contribute

to baclsourcing and increased work employment for countries

1.4 Structure

In the next chapter, chaptercharacteristics around the manufacturing industry will be
presented, before the literature review is outlined in chapter 3. In chapter 4, the
methodology surrounding this master thesis will be presented. In chapteeSsémsial
literature backgroundupporting the developmeat the loTTMM will be briefly outlined,
before the development of th&l TMM is presented. In chapter the empirical study,

which mainly entails the presentation of theeatudy findings and
companiedassessmenyill be presented. The chapter ends with the recommendations for
further technology developmefur the companies. In chaptertie discussion of the
findings in the master thesis is presented, beforedhelusionof the mastethesis is

presented in chapter 8



20Manufacturing I ndustry
In this chapter, a brief historgf former industrial revolutions, the Norwegian
Manufacturing Industry, andifferent production strategigser manufacturingcompanies,

will be outlined.

2.1 Brief history introduction zthe industrial revolution s

Throughout the history, the world has experienced multiple industrial revolutions, which
commonly has been divided into three separate industrial revolutions. In the 18th century,
the steam engine represented the technological breakthrough, lethito the 1st

industrial revolution. By the utilization of the steam energy, machines were introduced into
production, which led to the general mechanization of the economy. Starting in the late
19th century, the 2nd revolution emerged with the utiliraof electric power which led

to the introduction of mass production. The beginning of the 3rd industrial revolution, can
be dated to the mi@990s, centering around the change from analagudigital

technology, using electronics and information teatbgy to further automate production.
The industrial revolutions brought with them several different effects and influenced in
areas as economic growth and income, working conditions, urbanization, child labor,
public health, the role of women, the emarggmiddle class, etc.

A contemporary vievis that one are facinfpe next industrial revolution, which is driven

by extreme automation and connectiviExtreme automation is initially expected to

expand the range of jobs it is possible to automate fn@nhighly repetitive lowskill jobs

to routinemediumskill jobs. Extreme connectivity is expected to enable a more universal,
global and clos¢o-instant communication, giving rise to for instance new business
models. A combination of extreme automatiowl @onnetivity is envisioned to allow
computing systems to control and manage
ways.Furthermore, a special feature of the envisioned next revolution is the wider
implementation of artificial intelligen¢e.g. tharobots can analyze results and take
complex decisions, and adapt conclusions to environmental f@&fortd Economic

Forum 2016).
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2.2 Norwegian Manufacturing Industry

TheNorwegian manufacturing industry standing in front of what is distinguished to
become majochanges in the years to comas,the manufacturing industry will be further
affected by digitization ahautomation. Furthermaré is seen that highly advanced
processes and operations will characterize the future Norwegian manufacturstgyindu
where technology is seen to haveital role, which are regardeéa be in accordance with

the concept of 10T and the eaawned 4th revolution. Consequenttiie trendwith regard

to outsourcing of production to lowost countries, is about to changse the foreseen
development towards advanced manufacturing will require the capabilitighedost
countries, as economic strength and high competdimeetechnologial development one

are standing above thusduces the demand for levestproductian. The business

challenges will still be based on achieving competitiveness through efficient and
responsive manufacturing of high quality products, and it can thus be seen to be important
for the Norwegian manufacturing industry to explore and develapadardance with the
future technological developmeritsbe able to stagompetitive(Norsk Industri, 2016).

In order to get an impression of the current level of digitalization in the Norwegian
manufacturing industryithe organizatiom No r s k ,lcamdlctesl & survey in order to
map todays productiorharacteristicse.g.how advanced the produced products are, how
advanced the production systems are and how the companies are organized. Their survey
revealed that the Norwegian manufacturing compamssstaied the digital journey,

however, the level of digitalization among the surveyed companies are highly varying.
Some companies are still mostly dependent on manual work, and others have automated
part or all of their production. Robots are mostlplggd in production, and less in logistics
operations. There is shown to be a larggprtion of companiebaving a Makeo-Order
(MTO) or Engineetto-Order (ETO) production strategy in the survey, which entails that
companiesre supplying custorned pralucts, and therefor@n explanation for the low

robot density, as these operations are often harder and more complex to automate.

2.3 Production strategies

Theliteraturein operations management and production classifies companies on the basis
of four different production strategieaketo-Stock (MTS), Assembio-Order (ATO),
Make-to-Order (MTO) and Enginedo-Order (ETO)Soman et al., 2004A central

element in thelifferent production strategiés the Customer Order Decoupling Point

10



(CODP), which ighe point of time where the production changes from being forecast
driven to orderdriven (Sjgbakk et al., 2034In other words, the customer order
decoupling points the point in the matial flow where the product t&ed to a spcific
customer ordefOlhager, 201DThe fourdifferentproduction strategiesntails different

characteristics and features for the companies.

Maketo-Stockis characterized by the manufacturing of stangaoducts that are stocked,
where customers correspondingly are edftom the stock. This production strategy
offers a bw varietyof products and typically, less expensive products. The companies
focusis mainly on forecasting demandycaplanning to meet the demand. Thain
operations are inventogylanning, determiation of lotsize® and demand forecasting.
Assembleto-Order is characterized by that standard pamts components for a product
arefinished manufactured, but not assembled. The final assembly is based on a specified
customer order, and therefore thisgiuction strategy offers a degree of customization for
the customers, wth can select products composition from a predefined group of
product parts and componentdie companies focus is dorecasting demand and

planning for the inventory afomponerd, enabling a quick final assembly for the
customer ordeMake-to-Orderis characterized by the manufacturing of products from
raw materials or componertased ortustomer orderthat has been received and
acepted. This production strategifers a higler variety of customer specifiroducts,

and correspondingly, more expensive products.cbmepanies focus isn order execution
that entails an attention towards a fast response time, avoidance of order delays, and
achieving the shortest ledithe as posible. The main operations are capacity planning,
order acceptance or rejection and attaining a highddte adherenc&ngineefto-Order

is characterized by that all prodian activities, from desigto assembly, and in addition
the purchasing of reqd raw materials, are related to a specific customer orties,

this production strategyffers a significant degree of customization by unique engineering,
which further entails very expensive produdise companies focus @ production
planning andontrol, high product quality, meeting the specific customer demands with
flexible design and production in order to handle ortd@ngesand adjustments (Hovind,
2012;Sjgbakk et a).2014;Soman et al., 2004As mentioned above, Customer Order

Decouplirg Pointis a central issue in thifferent production strategigand the figure

3 The quantity of a produehanufactured in a single production run.
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below illustrates how the different positions of estomer Order Decouplingpit

contributes to give rise to the diffetgoroduction strategies

Customer order

decoupling points Engineer  Fabricate Assemble Deliver
Make-to-stock e — »CODP "
I/-’ Fure:a51-\\\._
Assemble-lo-order - driven s CODP _pescooom
\“‘ — f/ :' Customer \
Maka-to-order .............._,CQDF‘K\ order-driven
Engineer-to-order CODP P— .

Figure 1: Different production situations and the CODP

(From Olhager, 201p

As one can see from the figure, the decoupling goimthe Maketo-Stock production
strategyis locatedbetweerntheassemble and the deliveiage For the Assembheo-Order
production strategythe decoupling poirs located after the fabricas¢éage . The
decoupling pointdr the Maketo-Orderproductionstrategyis locatedbetween the
engineering anéhbricate stagd.astly, for the Engineeto-Orderproduction strategythe
decoupling point is located at the very beginning at the engineering or design stage.
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30Li terature review

In this chapter, therelevantliterature surroundig this research will be presented

Based on the stated research problehesmain researcfields to be combined in this

master thesibave been distinguished to Bkaturity ModelsandInternet of Things (IoT)

3.1 Maturity Models

Organizations stands abopeessurgto gain competitive advantage, retaining their market
positions, identifying way of cutting costs, and improving their product quality. Maturity
models have been designed to assess the maturity (i.e. competency, capability, level of
sophistication) of a set of selected doméiased on apecific area within an organization,

in orderto assist in this mattelhedomain can for instance be-fifanagement, project
management, or business managenB(uin et al., 2005)In short, maturity models

allow an organization to get its processes and methods evaluated according to management

best practices against a séexternal benchmarks (Braun, 2015

Maturity modelshave their early ras in multistage models, as Maslovhigsrarchy of
human needs, and maturity within quality managemetbduced by Crosby.

Crosby waghe first to inroduce the concept of maturity stages and maturity level in his
guality management process maturity grid, which categorized best practice with five
maturity stages and six measurement categdrhgs.have inspired the later development
of maturity modelssuch as the well known Capability Maturity Model (CMM)er since
that, the publications on this topic have been increaBiguently used the structure of
the CMM as a template (Poeppelbesal, 2011).The Capability Maturity Model (CMM)
has beenvidely adopted in the software industowever, other issues, as for instance,
Enterprise ResourceyStems(ERP) technology and knowledge management are

becoming ireasingly important (Wendler, 2012

3.1.1 Definition and structure

Il n generalturnihteyd ecdann Abmea def i nlete peafectofit he st
readyo ( B wWandler(2012)phasSed the following definition of maturity

model s, AMaturity models describes the deve

can be anything ahterest: a human being, an organizational function etc.
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Maturity models are conceptual multistage models that outlines a path to maturity,
involving a sequence of stages that together form a desired path until maturity is reached.
The number of levels vies depending on the maturity model (Wendler, 20A8)there is

no fArul ed on how many | evel s asamadpasedi ty moc
for identifying and classifying the required levels; (1) the levels should be theoretically
defined, ad significantly different from each other, (2) the levels should not be
overlapping, in terms of content, (3) no level should be a subcategory of another level and
(4) each level should be transferable to an empirical setting (Junttila, 2offdient

degrees of maturity are described as stagdsvels, with each levddeing superior téhe
previous one (Neff et al., 2013). The bottom leegresenting the initiadtage and the
uppermost levelrepresating the highest possible stagmaturity). The évels represent an
anticipated, or desired path towards maturity (Becker et al.,) 2008 progress from one

level to the other should occur raechically (Wendler, 2012Pue to the models nature,
maturity modelss frequently referred to as stagefsgrowth or stage mode(®oeppelbus

et al, 2011)

It is observed, that in general, all maturity models share the same way of defining specific
elements. These basic elements of maturity models are a number of levels, a descriptor for
each level and a summyaof the characteristics of each level. However, some variations

can be made between maturity models. Further, maturity models can either be developed
in a topdown or bottoraup approach. When developing a model using the betjom

approach, the criteriare developed first and then the definitions are written in compliance
with the items. With a toplown approach, the definitions are written first and then the
assessment items or criteria are developed to magcthefinitions (de Bruin et al., 2005

Maturity models serve as a tool for measuring an entities current positipath
towards maturity. Therefoy& must contaircharacteristics and critergthat needto be
fulfilled in order to reach a particular maturity legyBlecker et al., 2009 he criterias for

assessing the capabilities, can be conditions, processes or applications (Wendler 2012).

3.1.2 Purpose of use of Maturity Models
The purpose of maturity models are considered as being flexible, and they are often
distinguished between theaturity of processes, the maturity of objects or technology, but

the purpose of its use, can typically be divided into three groups: (1) descriptive, (2)
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prescriptive and (3) comparative. A purelgstriptivematurity modedescibe changes
observed in rddy, and the ass situation, without suggesting improvements. This type of
model would be suitable for assessing the current situation without the need for improving
the current or ass situation. A prescriptive modglve a guidance on how tmprove he
maturity. A comparative modskrves as a mea of benchmarking. Enables the assessed
entity to compare itself to other entities, in and across regg@rmchmarking is considered
as a way of compare an actual situatiothwndustry specific practicg8raun, 2015; de
Bruin et al., 2005Wendler, 201

In addition, maturity models has been provided to be an important instrument and are
commonly applied to evaluate an organizations current stage, to come up with
improvements, to control the progressd @uidelines in order to reach higher nragu

levels Poeppelbuss et al., 2011; Wendler, 2012).

3.1.3 Criticism

Maturity models have gained a lot of attention from researcherpractitioners.

However, the modelsave also been subject to criticism. As ot in the previous

section, the increasing attention towards maturity models has resulted in a vast amount of
new developed models, leading to multiple similar models being published in the same
application domain. In addition, the design of the new nsoded increasingly influenced

by existing models (Becker et al., 2000iyerature scholars have counted numerous

models in the last years. In contrast to the large number of maturity models developed, the
research and documentation on how to develop theskels that is theoretically sound,
rigorously testedrad widely accepted is lackingddruin et al.2005). Moreover,

maturity models have been subject to fundamemittism, beingregarded amodels that
areoversimplifying reality and lacking an guinical foundation de Bruin et al., 2009\leff

et al., 2013 According to a literature review conducted by Neff et al. (20d3y afew
development procedure modetethodologies were encounterdthe results suggested

that there are two popular metladgiesmost commont usedamong scholar, namely one

by de Bruin et al. 2005 and one by Becker et al. 2009
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3.1.4 Previous Maturity Model research

As previously mentioned, aturity models havbeen widely adopted in the software
industry. Howeveropther issus, as for instance,rieiprise Resource PlannirtBRP)

systems, technology and knowledge management are becoming increasingly important.
Poeppelbuss et al. (2011) reviewed 76 articles concerning maturity models in the broad
field of information systemd$). The authors study the maturity models from the
perspectives of research, pwialiions and practitioner. Tis¢udy reveals that the

Capability Maturity Model (CMM) is the most dominant foundation of past information
system research on maturity modétsaddition, their study revealed that theories on the
design and adoption of maturity models are rare. Wendler (2012), provided a systematic
mapping study of a total of 237 articles, publishedveen 1999 and 2010. Tk&udy
revealshatmaturity model esearch is dominated by studies in the software engineering
field, and most of the studies dealt with development of maturity models, where the issue
of validation and evaluation of maturity mosl@re scarce. In addition thesearch

proposed a researchiate that should be completed by every newly adopted maturity

model . Mo st of the articles reviewed had ¢
model s research, however, there was stil
complete thethird t a g e , Amaturity model validationo.

model without any application and validation is doubtful. The research isyst®wnin
Figure 2below.

Research Maturity model development |
nWith conceptual articles
g . u j
maturity + design-oriented articles
models « descriptions (partly)
Maturity model walidation Maturity model application
= empirical / conceptual validation, = application to several conlexls
= comparisons of maturity models, | €————— and specific domains
= ampincal studies (stand-alone), «  maturity assessments
= simulations, and others = transfer to other contexts
Research ~meta‘“-articles
nabout* litarat ows
) . liter
maturity i

+ process models
models « theoretical reflections

Figure 2: Research cycle

(From Wendler, 2012)
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In a research bBecker et al. (2009) was revealed thdtundreds of marity models for
supporting IFmanagement haveeen developed. However, the procedures and methods
used, have only been documented very sketchily. By usingriiciapproach the author
hasdeveloped a criteria for the w®opment of maturity model$arhan et al. (2016)
performed a systematic literature review on developed Business Process Management
(BPM) maturity models, in order to better understand the state of the reSdaauthors
searchedtudies between the s 1990 and 2014, and ended up with selecting 61 studies
to further researciThestudy revealed that despite many business process management
maturity modelsvere proposed in the last decade, the level of empirical evidence that
reveals the validity andsefulness of these models is scarce.

de Bruin et al. (2005) proposed a generic methodology for development of maturity
models in various domains, consisting of six phases, (scope, design, populate, test, deploy
and maintain) which need to be followedoirer. In each phasa decision need to be
addressed. The value of having a generic methodology lies in the ability to develop a

model that is generalizable and enables standardization.

3.2 Technology Readiness Level (TRL)

Another well known meansofassessg t he technol ogy Il evel, 1is
Readiness Level toold. Technology Readi ness
measurement system that supports assessment of the maturity of a particular technology

and the consistent comparison of maturitynsetn different types of technology. TRLs

have been proved to be effective in communicating the status of new technologies among
diverse organizations. TRL was originally developed by NA®#allow more effective

assessment of, and communication regartiegmaturity of new technologies. The TRL

tool is widely used, but is often adapted to the specific needs of an organ{kéaitkins,

1995). The first developed TRL scale contained only seven levels, today, the scale runs

from TRL 1 through TRL 9, whereVel 1 is the lowest and level 9 is the highest.

However, it has been through a lot of modification in previous years. Each technology is
evaluated against the parameters or definitions for each level, and is then assigned a TRL
rating based on the progee@®NASA.gov, 2010)An ovewniew of the TRL scale is shown

in Figure 3 below.

4The National Aeronautics and Space Administration
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TRLS

«Actual system completed and “flight qualified” through test and

demonstration {ground or space)

— TRLY7 | S——
=System prototype demonstration in a space environment

— TRL6 j—

=System/subsystem model or prototype demonstration in a relevant
environment (ground or space)

__ TRLS |

*C and/or breadboard validation in relevant environment

TRL4

TRL3

TRL2

TRL1

Figure 3: Overview of the TRL scale

(From NASA.gov

According to Azizian et al. (2009) the TRL scale is only sufficient at a very basic level in
evaluating technology readiness, and is consideredaaequatén other areas. Sauser et

al. (2006) argues in their research that the TRL scale does not take integration of two
technologies into account, when assessing the maturity level. Thus, this camhave

impact on implementation of the system, and whether or not it will fail at the integration
point. Further, the problem associated witdtfF
guideline when implementing the scale (Nolte et al., 2004). Mahafg&)2€laims that

the TRL is not sufficient, because it does not measure how well the technology is

performing against a set of criteria. The author further argues that the TRL methodology

does not give any indications on whether or not a technology is/fuglowly mature, it

only rates the technology against a subjective scale.
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3.3 Internet of Things (loT)

In the next decade, its foresabat the development of the lebncept will dramatically

affect and alter manufacturing, energy, agriculture, tramafon as well as other

industrial sectors of the economy, which collectively account for approximatelihivas

of the global gross domestic product (GD®RJofld Economic Forum, 2015Based on

this, there is astrong interest surrounding the conceploT from governments, academia,
and industries, and theis an increasingly amount of vivacdgbates arod 10T in the

media. Furthermore, since the concept of 10T is still a future vision, and the fact that I0T is
expeckd to have implications iverious areas, the research field of 10T is currently
characterized by being vast and deficientmanifold of definitions of 10T is currently
traceable within research, which can be seen to testify the strong interest of loT. However,
when browsing througthe literature, understanding what ttecept of loTmeans and

the baic ideas behind is considered beingopmewhat difficult since the concept has no

clear and unison definition. Consequentlyeconcept of 10T can currently be regarded
beingcharactezed by being somewhat fuzzy.

3.3.1 Definitions of Internet of Things (loT)

loT is defined by McKinsey Global Institute (2013s sensors and actuators connected by
networks to computing systems. These systems are able to monitor and/or manage the

actions ofconnected objects and machines". This definition can be seen to be somewhat

simple and easily understandable, however, several definitions that ceentte $e more
comprehensive haveeen developed. For instance, Sundmaeker g&@l0) defines l1oT

as"a dynamic global network infrastructure, that integrates the physical and the virtual

At hingso (physical or digital devices capat
location addresses, etc.) which have identities and virtual personaitiesa intelligent

interfaces, into an information network”. Sehgalefa2 0 1 4) def i nes | oT as
have identities and virtual personalities operating in smart spaces using intelligent

interfaces to connect and communicate within social, emwvinee Nt and user cont
Mentioned by Ver mesan andhingsr(loT@isdefingddbp 1 4) A TF
ITUand IERCasiia dynamic gl obal netconfigudingi nfrastr u
capabilities based on standard and interoperable communicattmeqls where physical

5 International Telecommunications Union
6 European Research Cluster on thieinet of Things
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and virtual "things" have identities, physical attributes and virtual personalities, use
intelligent interfaces and are seamlessly i
other definitions aravailable, but for the purposé our master thesis, we find this last

definition mentioned by Vermesan and Friess (2014) to betst explaining, and

suitable.

We understand the concept of 10T as being a future vision of a global information network
infrastructure, wherethebasdcea i s t he pervasive presence
Aobj ect so s ur rRadinFdeguergy ldestificatisnu RFHggs, sensors,

actuators, tablets, smart phones, etc. Through specific and unique capabilities, these

At hi ngs o0 or efad, sgmeenicaaetandc@perate with their surroundings to

achieve commobenefits and goals.&ording to Sehgal et al. (2014), 10T is a concept

that aims at connecting all the things around us to each other and to the InternatmThe t

At hi n g oe fromaawashireg mgchine to mobildpne, laptops and computers, which

must be able to identithemselves nd t o communi cate with each
are expected to participate in businesses, information and sociespesg beingble to

interact and communicate among themselves and with the environment, by exchanging
information. In orderto be ableeox c hange i nf or maneadon, al |l t he
standardized formats of electronic labels (Sehgal €2@14). Based othis, one can

understandhat the loTFinfrastructure includedifferent essential loTechnologies.

3.3.2 Essential 10T -technologies

According to Atzorietal.( 201 0) A Act u acoriceptantoithe realwofldis he | o
possi ble through the i nt ¢hgirreseaiclg Atzoondtal.s ever al
(2010) addresses the integration of several technologies and communication solutions. The
research states in similarity with other researches that among the various technologies,

some technologies can be designated as beemost essential and relevant technologies

with regard to loT (Atzori et al., 2010; Botta et al., 203, 2015;Li et al,, 2016;

Minerva et al.2015. According toa research biee and Lee (2015), for the deployment

of successful lodbased productsna services, five technologies a@nsidered abeing

central, namely; Radio Frequency ldentification (RFID), Wireless sensor networks (WSN),
Middleware, Cloud computing and ledpplications loT-infrastructures encompassing

some, or all othese five esmtial technologies, allows for communication between

combinations of smart objects (e.g. products, robots), sensor networks and human beings,

using different but interoperable communioatprotocols
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Currently there are approximately 1.5 billion PCs aver 1 billion cell phones connected

to the Internet. According to Vermesan and Friess (2014), 10T has through the last years
changed from being a vision of the future, to becoming an increasing market reality.
Moreover, major ICTactors as Gagle, Appleand Cisco haveaken significant and
comprehensive business decisions in order to positionseiees in the loTandscape.

The adoption ohew technology is increasingly gaining momentum as technological,
societal, and competitive forces are pressuringgamies across industries to innovate

their busineses (Lee and Lee, 2015; Vermesan and Friess,) 201iheir research,

Miorandi et al. (2012) presents a survey of technologies, applications and research
challenges for 1oT. The contribution of the resbas to increase the understanding of the
potential of loT for various areas, among them inventory and product management, major
issues to be handled, and devising innovative technical solutions in order to enable loT

from a research visiomto reality.

3.3.3 Potential impacts on manufacturing

Theconcept ofloT in the future is considerdasling transforming business processes by
providing more accurate afrdal time visibility into the flow of materials, products and
services, across a wide range of indastandapplication areas (Lee and Lee, 2D1B
manufacturing, it's seen that smart, connected products will create new production
requirements and opportunities. For instance, the final assembly might be switched to the
customer site, where the laststeill be to download and configure software. Moreover,

the future visionaresoal | ed A Smart Factorieso, where
connected machines are reshaping the operations of manufacturing plants themselves, by
being increasingly linked tagher in systems. In the new initiativesirsdustry 4.@ and

ASmart Manufacturingg(USA), machines are networked together to completely automate

and optimize the pauction (Porter and Heppelmann, 2D15

According to a research I8undmaeker et a{2010), IoT is believed to bring benefits into
manufacturingsuch as, higiesolution of assets and products, better collaboration
between companies and an improveddtijele managemenin a research bBughin et al
(2015), some similar benefits aabsoproposed The research states thatdyuipping
physical assets witkensors, information systems hakre ability to capture, communicate
and collaborate, and will create benefits as, production efficiency, improving the

performance of machines, and exteigdthe machines lives.
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According to a research by Velandia et al. (2016), manufacturers have already begun to
invest in hardware, software, and networking systems across the world and networking
strategies to build the 10T and services architecturedardp capitalize upon its benefits.

The research further states that to become smart manufacturing companies, the companies
have to employ new intelligent production methods and target a marketplace where real
time information is exchanged between prodwstd machine services. By embedding
processors, sensors and transmitters in any type of physical object (e.g. machine, product,
material), and developing software systems for structuring data flows, intelligence in
production is made possible (Velandiakt 2016). The contribution of the research by
Velandia et al. (2016) is of practicality, as it helps decision makers to address business
decisions in adopting RFID in comparison with other technologies, and on objective

evaluations in industrial enviroments.

3.3.4 Risks and challenges

The wave of technological developments and changes that are seen to arise with the
concept of IoT, will not only bring unprecedented opportunities, but it will also introduce
new risks for both business and society. With réga the realization of the potgal of

loT, businesses and governments will need to overcome a number of important obstacles.
Several researches, among them a research by Avram (2014), states thast crucial
important obstacland is that of secity- and data privacy risks that can already be seen to
be of rising importance due to increased vulnerabilities for attacks, espionage and data
breache$ driven by increased connectivity and data sharing. Another obstacle is the lack
of interoperabilityamong existing systems that will lead to the risks of substantial increase
of complexity and costs in the depioent of the 10T In addition, other obstacles that is
identified is uncertain return on investment in new technologies, immature or untested
technologies, a lack of datpovernance across geographic boundariesaafbrtage of

digital talent(Atzori et al., 2010Avram, 2014 Miorandi et al., 2012; World Economic
Forum, 201%
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40Research Methodol ogy

In this chapter, thenethodological approackor the mastethesis will be outlined
Firstly, the research dggnwill be presented, entailinthe methodology for develogia
maturity model and theasestudyresearchmethodologylL astly, considerations of

validity and reliability,will be outlined.

4.1 Research design

A research is carried out to obtain information regarding a specific research question, and
the selected design should be linked to the purpose of the research. The purpose of a
research can either be, exploratory, explanatory, déserigr predictive. Exploratory

research is conducted when the purpose is to investigate an area that has been under
researchedH]llram, 1996 Yin, 2009). The purpose of thisaster thesis is considerex

have an expl@tory nature as the purpose of teegarch is to develom ¢oT-

Technological Maturity Model for assessing the technology level tied to the concept of loT
for manufacturing companigandas there is not tour knowledge developed a similar

model currentlyThe model will be developday usng a methodologpresented byel

Bruin et al. (2005)The applicability of the developed modgll be testedby performing

a case study dbur Norwegian manfacturing companies, by assessing their technology
level, andfurther placing them othe develped maturity modelThe placement will be
basedorinter vi ews, by f ol | owiaydpdperépectivGaond der manag
observations from company visifBhe fliorder managemewycled containssteps, from

planning to postales services, and are mainlgd®s a tool for managdrg giving them

the opportunity to look at their company through a customer s(8hepiro et al., 1992)

In thisresearchthe fiorder management cydle w i uUseéd ashagool for mapping

technology used in the different departisest the case companies

Basedon the above, the research dedmrthis master thesisill consist of the maturity

model development methodology proposed by de Bruin et al. (2005hecase study
methodology proposed by Yin (2009), which will bebaleated in the following.

4.1.1 Maturity M odel development methodology

As mentioned, wen though there exists madifferent maurity models, there is little
documentation on how to develop one that is theoretically sound, rigorously tested and
widely excepted(de Bruin et al.2005). & Bruin et al. (2005) has based on the lack of
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documentation on how to develop maturity models, proposed a methodology that consists
of six phases for development of maturity modkighe following, hesephases will be

briefly described, followed by comments on how it relates taléwelopment of the

IoTTMM in this research

Scope Design Populate Test Deploy Maintain

Figure 4: Six phases of developing a maturity model

(From ce Bruin etal., 2005)

According tothefigure aboveby de Bruin etal. (2005),the methodologgonsists of six
distinctivephass. However, this resear@lill only utilize the five first phases, because
maintaining the modéias a longerm perspective, meaning that phasewik suffer from
time- and scopeestrictionsn this master thesiJ he first three phasesgope, desigand
populate will be conducted based on existing literatuvbkile the fourth phasegst
requires a form of empiricakudy, in order to examine the relevance and rigor of the
model in a realife setting.The fifth phasegeploy entailsthat the model should be made

available for relevant users.

Phase I Scope

The first phase in developing a maturity model is to determingscibygeof the desired
model,which entails to decid#he focus othe modebnd who the stakeholders are.

The scope of the model in this easch is to assessanufacturinggompaniesegarding

their currentechnologystatus anédoption tied to the concept liT. The stakeholdersf

the modehrein generaidentifiedto be a combinatioof companiesn the manufacturing
industry ancacademiaSpecifically for this research, the stakeholders are identified to be
variousparticipants in the proje@ManufacturingNetwork 4.®, the four selected case

companies, aniolde University College MUC).

Phase 2 Design

The second phase developing a matity model is to determine @esignfor the model,

which entailgo incorporate the needs of the intended audience and how these needs will
be metAn important note in thisetting is that in order to meet the audience needs, the
model design should strike an appropriate balance between the ofterexoegity and

model simplicity Therefore, it has beeemphasized thahé model describes the
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characteristicthatrepresers eacHevel of the IoTTMM which can be seen assummary
or collective terns, of the major requirementged to the concept of loTrom a
technological perspectiybased otthe existing literatureBased on theharacteristics,
correspondingly critea's that needs to belfilled in order to be assess&ube at the
various levels, represents the measures in the madeddition, specifi technology
examples have been incorporatedhe modelvith the intention of makinghe model easy
understanddb. Specifically for this researclhe maturity model are seen to bal for
the four selected case compari@measureheir current technology status, and provide
the companiesas well as other participants in the project and the acadeithiaan
understanding of theoncept of IoT anéxpected future technology development in line
with the envisioned fourth revolution. In addition, the model can serve as a basis for
providing the companies with recommendationgtiother technologylevelopment.

Phase 3 Populate

The third phasen developing a matity model is topopulatethe model, meaning that
when the two first phasescopeanddesign have been determined, the model content
must be decided his entails decidingvhatneeds to be measuradthe maturity
assessment armbwthis can be measured.

In this research, the model content has been develapedentionedyased orthe
existing literaturesurrounding the concept of IpWhich has beenatcefully divided into
thematurity levelsThe echnological compangssesment wasledded to be conducted
from an Aor dero meanng that thegathnologyused i the different
departments in the four case companggh an emphasis of the technology adoption in
the productionand warebuse envonments, has been investigat&tiefindings in the
four case companies was measured based devblecriteria’s representing the

characteristicsurroundingeach maturity level.

Phase 4 Test

The fourth phasen developing a matity modelis totestthe model, meaning that when
the model has been populated, thedel has to be tested foelevance and rigofhe
model should be tested with regard to the construct of the model and the model
instruments for vadlity, reliability and generatability.

The IoTTMM in this researctvastested through thease studyf the four selected

companies, where theodelwas first refined, and then the final model was used to assess
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the case comparseurrent technology level tied to the concept of,lafid give
recommendations for further technoladgvelopmentsThe test was performed in a

combination of conducting intervievesddirect observations

Phase 5 Deploy

The fifth phasen developing a matity model is todeploythe model, meaning thateh

model should be ade available for use andverify the extent of the model's

generalizability.The loTTMM was firstlydistributed to the various participants in the
projectiiManufacturing Network 44) the four selected case companies, iotte

University College (MUC) and furthemade available for other users through the

publishment he article filoT technological maturi:f
manufacturi ng c¢omp a nlnadditon, thg modebvgliebe magle al . , 2

available vith the publishment of this master thesis.

Phase @ Maintain

As mentionegdthe sixth phasemaintain was notincluded in this research, due to time

and scope restriction$his last phase is seen to be of a more-teng perspective, which
entails thathe relevance of the model should be maintained metessary updates over
time. Since tre loTTMM is based on what is still seen as a future visitois,envisaged

that the model must evolve in line with future technology developments towards tle fourt
revolution, andhatthe project or other stakeholders, or the academia will hopefully

perform this last phase.

4.1.2 Case study research

Case study aa research method is defined by Yin (2009) as a method that tries to
illuminate a decision or a set ofds&ions, which investigates a contemporary phenomenon
in deph and within realife context.In order to test and validate the developed maturity
model for this research, a case study was carriegutssessing the technology level of
four manufacturingompaniesin accordance with the methodology presented by Yin

(2009).The case study methodology consist of six stagbih is illustrated in jure 5
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Figure5: Six stages case study methodology

o

(From Yin 2009)

The first $age in thiccase study methodology isptan the research, and to decide if the

case study method is the preferred method compared to other matimo(2)03 s.1)

pointed out that a case study are appropri e
Awhyo research questions

In this research, thierst research question airts develop a maturity model for assessing

the tehnological level of Norwegian manufacturing companies with regard to the concept
of IoT. The second research questamsto test the developed maturity mogahdthen

perform an assessment of the companies technological level, leading to recommendations
for further technology developmernithis assessment test could possibly been carried out
through other methods, as for instarecsurvey. However, since these two research
guestions are interrelated, and a main part of the assessment is thitveagrations, a case
study are considerdgd be an ppropriate research method.

The second stage in this case study methodolodgsign, which aims at linking the data

to be collected to the research questions of the study. The unit of analysis and the case(s)
to be studied need to be defined. Further, theory, propositions and issues underlying the
anticipated study must be explaine@sBd on this the case study design should be
selected. There are two types of case study design or charactdr@ists; or embedded
andsingleor multiple case study. Holistic case study is a situation where there is only one
unit of analysis, whilembedded case study refers to situations where there are multiple
units of analysis. Single case and multiple case, refers to the number of cases being
studied.
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As mentioned, the purpose of thésearchs to explore how to develop a maturity model
for assessing thedhnological level of Norwegian amufacturing companieb addition,
perform an assessmentezch of the cge companieand place the companies the
maturity model Based on this, the unit of analysighe techntogy level of each case
company which implies that this case study is holisticce thereés only one unit of
analysis Furthermore, as the four different case compaaresurrounded bgifferent
production strategiet is distinguished that the companies have variousgts)twhich
implies that there are multiple cases. Based on this, this case study is classified into a

multiple-holistic case study.

The thirdstage in this case study methodologpgrepare When performing a case study it

is important for the case stydvestigator to be trained and prepared and to have the right
skills for performing a case study. Further, a case study protocol should be developed. The
case study protocol contains the procedures and general rules to be followed. Having a
case study @tocol is desirable under all circumstances, but it is essential when

performing a multicase study. This stage also includes identifying relevant case study
participants and theonductionof a pilot case study.

When choosing the case study method, tiethnvestigators prepared themselves by

reading about, and familiarize themselves with the method. Fuatee companies in

this case study is the same as the participants fiMhaufacturing Network 4® pr oj ect ,
the screening of the case studydidates vas not carried ouEurthermore, a pilot case

study was not caed out, because of the tim@ndscoperestrictions of this master thesis
However the interview questions wedeveloped, discussed and evaluated in

collaboration with the sugyvisor, prior to the interviewsA case studyprotocol was

developedn order to have comparable information among tlfferdint manufacturing
companies and to ensure the repeatability of the case Jtuelgase study protocol can be

found inAppendix2.

Thefourth stage in this case study methodologyokect. Data collection refers to the
process of collecting data through data collection methidds.is the part where the case
study investigator collects the required information or data. The datatedlserves as a
basis for the analysis. There are six different ways of collecting data, and it is important
that the investigator knows which methods to U$e collection of data can be conducted

through for examie, interviews, questionnaires aaldsevations, and can be categorized
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as eitheiqualitativeor quantitative Some overall principals are important to any data
collection method, when performing a case study. These includes the use of (a) multiple
sources of evidence, (b) a case study databasg(c) a chain of evidence. The use of
these different principles will increase the quality of the case study substantially.

In thismasterthesis, a qualitative method for data eotion wasused. The dateonsists of
primary data, mainly collecteddm interviews and observations, and secondary data such
as scientific articles, books, and other research papers. The reason for choosing a
gualitative methodology was mainly that the data collection method were considered more
suitable for the purpose tiis study. The main source of primary data was collected

through interviews, which is the most common data collection method used in a case study
(Yin, 2012. The most common type of case study interviews is the-epdad interviews,

which allowing forflexibility. If properly done, it indicates how case study participants
think about situations, not only answering
source of data collection which also is commonly used in a case study research, is
observationgYin, 2012) Observational evidence is often useful for providing additional
information abotithe topic being studied (Yin, 20D3f a case study is about a new
technology, for instance, observations of the technology at work are invaluable aids for
undestanding the actual uses of the technology or potential problems being encountered.
In addition, another important notion which were taken into account was that of using
multiple observers. Mentioned by Yin (2003) increase the reliability of observatial
evidence, a common procedure is to have more than a single observer making an
observationwhether of the formal or the casual variety. Thus, when resources permit, a
case study investigation should allow for tlee of multiple observedgYin, 2003.

For this research, opended interviews were selected as an appropriate data collection
method. It allows for flexibility in the interviews, which was important in order to nbtai

an understanding of the current technology used at each of the casasnand to

support the case study analysis. In addition, observations was also considered as important,
in order to get a visual impression of technology used in production and/or warehouse
operationsThese observations were conducted together willipteuobserversnamely

the supervisor and two other students investigating related researghwdmeaghus

contributed to increase the reliability of the observational evideme@ecordance with the

statements by Yin (2003bove Throughthe intervews, the fiorder management cycle
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perspectivavas used as a basis for mapping technology currently used case

companies, consideread be a suitable reference frame for the investigation of the current
technology used by the companies in this casgys The aim of the interviews and the
observations is to collect enough i nformat.
technology level. Even thoughthedetas of each activity in the
can be seen to vary between compsraéed being different for various products and

services, it's noticed that almost all companies, either it's a small manufacturing company

or a global manufacturing enterprise, have the same genevéiegincluded in their
flordermanagement cyolgShapiro et al.1992. After successfully conducting the

interviews, a brief summary was written for each of the case companies, in addition to
follow-up questions and distributed to the companies cop&sbn for validation. This

wasdone to avoid misuratstandings and to get the most accurate informé&tom the

case companies

The fifth stage in this case study methodologgnalyze This phase consists of

examning, categorizing, tabulating anesting evidence, in order to draw empirically

based coclusions. A general analytic strategy should be followed, which defines priorities
for what to analyze and why. Different techniques for analyzing the collected data can be

used for further draw conclusions.

Using the data collected from the intervieasd the observatns, it was possible to
asses$he companies. The analg was performed by assessihg case companies based
on the established criteria from the maturity modéhen evaluating the case companies
according to the criteria, it becamevatus whether or not the case companies fulfilled the
different level requirements. Further, it was possible to draw a conclusion bates] on

what level the companidselonged to.

The sixth stage in this case study methodologh&e which is onsidered as one of the
most challenging aspects of performing case stuSiesting andeporting the case study
means bringing the result and finings to closure. It is important to identifying the audience
for the report. For instance, differences inwiexige level of the topic being researched,

will influence the theoretical part of the case study. Another important part of reporting is

to develop a compositional structure and having drafts be reviewed by others. It is also
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important that the repocorntain enough evidence for the reader to reach its own

conclusions.

The reporting of the case study is outlined in chapiarthismasterthesis. The concepf

loT is briefly explained in théterature reviewand the methodology for deloping the

maturity model is brieflyexplained in thenethodology chaptewhich means that the

reader should have a basic understanding of the concept, prior to readmasterthesis.

The case study findings and the company assessraeritefound in chapter 6, whe the
findings are presented and argued for, in such a way that the reader can easily draw their
own conclusions on whether or not the companies have fulfilled the criteria at the level

where they have currently been placed.

4.2 Validity and reliability

Validity and reliability are two important aspects in order to test and evaluate the quality of
a regarch. Mentioned in Golafshard(03), validity determines whether the research truly
measures what it was intended to measure. Yin (2009) describes ffemmtltests for

testing the validity in research; Construct validity, internal validity and external validity.

According to Yin (2009) there are three tactics for increasing construct validity. (1) use
multiple sources of evidence, (2) establish artlodievidence, (3) have key informants

review draft case study report. The two first tactics are relevant in the data collection
process. The use of multiple source of evidence, has been handled by having more than
one person peent when interviewing albur case companies, combined with

observational evidee. Also by performing eound of followup questions after the
interviews. Establishing a chain of evidence, has been handled by using scientific literature
in addition to the empirical study. Thertthiand last tactic has been handled by writing a
summary from the interviews, which has been distributed to the participants from the case
companies present at the intiews, for approval and comments afanges.

Internal validity has not been takenardonsideration in this case study, as it is according

to Yin (2009) only relevant for explanatory or casual studies, and not for exploratory or
descriptive.

External validity, are according to Yin (2009) the problem of knowing whether the case
study findngs are generalizable beybthis particular case studjo handle thisthe

developed maturity model has been testetbanmanufacturing companies. To further

31



generalize oumodel we planned to carry outraaturity assessment test for distribution to
other companies, but becauseiofd- and scope restrictiong/e were not able to go
conductthe assessment. An overview of th#ial planned asessment test can be found in
Appendix 3.

In terms of reliability, this is concerned with the replicatiom oésearch, and if the same
results would appear if the case study was performed over again. The goal of reliability is
therefor to minimize the errors and bias in a study. An important way of securing
reliability in a study is to document the proceduréscl is carried out, thus allowing

other researchets perform the same study (Yin, 2Q00%hich also is the aim of this
methodology chapter. Throughout thigsterthesis, a thorough explanation has been

given on data collection methaahdinterview guidelinesand the case study proto@k

attached irthe Appendies. In addition, literature references have breade.
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50Devel opmenlto-Tefc htnfod ogi c al Mat ur it
In this chapter, thessential background, the modeimposition and the descriptis of
the various maturity levels of theT-Technological Maturity ModdlloTTMM), as well as

a modeloverviewand visualizationwill be presented

5.1 Background for developing the Maturity Model

Variousliterature hagreate the background fahe develpment of the IoTTMM The
most essential literature backgroundhich hasbeendistinguished to benost central is
literature surrounding robotics and automation, Maciirlachine communication
(M2M), and standardization, amdll in the following be elalorated to potentially increase

the understanding of the variolesel characteristics surrounding the developed I0TTMM.

5.1.1 Automation and Robotics

In general, atomatian can be traced back to the start of the industrial re\osiuti the

18th century, andra consideredeing a major forcéor the rationalization oproduction
processesNith the development of computers, and integrated circuits, it made it possible
to automatize with the help of systems integrated by a central computer. Which later
resultedn the development of the industrial robot. The first use of industrial robots can be
traced back to the 1960s, where they were used for simple tasks as, pick and place. With
further technological development, robots started replacing humans in repbagtwvy

and dangerous tasks, as, welding, grinding and assembly (PwC, 2014; Wallén, 2008).
Assembly is considered as the task that is most frequently replaced by robots.
Currently,industrial robots and robotic systems are key components of automation.
Moreover, industrial robots in manufacturing today, tend to be large, and dangerous to
anyone who is too close to tinebot arms (Hegerty, 2015). The robate usually

operating in cages to avoid any damages and injuries. However, new innovations in the
dewelopment of industrial robots, haweade it possible for robots and humans to work
alongside each other, and help assemble all sort of objects. This new generation of
industrial robots is called collaborative robot §ac a | | ebdb t d@ejgned to work

next to people in the warehouse, and performing tasks as, sorting packages or operating
CNC machines (PwC, 2014). The robots are equipped with sensors, sonar, cameras or
other technologies, making the collaborative robots able to sense where peoptk are an

slow down or stop to avoid damages and injuries (Hegerty, 2015).
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It is considered that industrial robots of the future will be rfultictional, meaning that

the same machine can be put to several different uses. As of today, most of the industrial
robds are limited to one operation (PwC, 2014; Wallén, 2008).

Furthermore, according to PwC (2014), industrial robots are at the edge of revolutionizing
manufacturing. A new generation of robots is on thedvayarter, more mobile, more
collaborative, fasterral cheaper and more adaptabledetgy, 2015). In addition, these
newrobotar e equi pped with more fAhumano capabil
recognition, memory and trainability. Which has resulted in their ability to perform other
type of work operatinsi such as picking and packing, testing and inspecting, and
assembly (PwC, 2014). In general, industrial robots are used to reduce costs, improve
product quality, eliminate dangerous tasks and increase productivity. Industrial robots can
roughly be divdled into three different groups; material handling, assembly and process
operationsPwC, 2014 Wallén, 2008.

5.1.2 Machine-to-Machine (M2M) communication

A centrd part of the loTis doviously the connection to thaternet. In the years to come,
more and mee physical objectaill be connected to the Internet. Tleisables physical
objects to exchange and share information among themselves. This communication
betweerobjects is called Machir®-Machineg(M2M) communication (Lier, 2012).
According to (OECD, @12) M2M-communication is considered as devices that are
connected to the Internet, using a variety of fixed and wireless networks and are able
communicate with each other and the wider world. Machines with communication
capabilities, and machines comnating with machines is far from new. For instance in
manufacturing, machines are sending signals or information to control rooms, where
control circuits automatically need to react to that information. Todays'™ technology,
inexpensive electronics, the uskethe Internet, together with ubiquitous networks and
(cloud) computing allows almost any device to be equipped with communication
capabilities. Thus, enables devices to communicate information, inyeonakternally
towards others, which furthatlows for using this data in new and useful ways (OECD,
2012). According to Breeden (2018)2M-communicatiorhas actually been around since
the early days of computing, it has recently evolved to where devices can communicate
wirelessly without a human or mgalized component. Thaost popular M2Msetup has
been to create a central hub that accepts signals from all connected devices. Sensors would

note an event, as temperature change, the removal of a piece of invetalyoor
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opening, angend that dati a central location where an operator might turn down the air
conditioner, order more bolts or tell security about a door opening (Breeden, 2015). The
model forM2M-communication in the future, however, eliminates the central hub and has
devices communating with each other and wang out problems on their own. For

instance, a M2Menabled device will be able &mtomatically turn on the air conditioner in

an overheated space, order more bolts when it senses that supplies are low or alert security
if a door opens (Breeden, 2015).

5.1.3 Standardization

According to Xu et al(2014), the success of 10T depends on standardization.
Standardization isonsideredh central EEment in the loTand especiallyith regard to
the Machineto-Machine(M2M) communicatio. In addition, it is consideread key
enabler for the success of communication technologiesk-H Rnd any M2M
communication. The rapid growth of IoT makes the standardization difficult, and is one of
the biggest issues, concerning the 1oT @€ al.,2014). In a research Weyer et al.
(2015),a network oftechnology providertor automatiorwhere a multvendor and highly
flexible production line had been implemented jointiyas examinedt Was found that a
crucial element for the successful cotiastionamong ten companies was the definition of
mechanical, electrical and communication standards between all vaetofic
subsystemd-urthermore, it was stated that standardization is fundamental in order to
guarantee interoperability between vasanodules of the produeh line (Weyer et al.,
2015). Consequentlyne can understand thaasdardization are needed to endhed
devices from different companiaesd countries to be able to exchange information.
Without global standards, thevd#opment of M2Msolutions are not seen to be able to
reach a global scale (Vermesan et al., 2011).

A number of standardization activities with fiscon taghased technologies halieen
active n recent yearslhese standardization activities have mainly Haeited to the
RFID-domain(Miorandi et al., 2012)in the RFIDfield, the most commonly adopted
solution is the Electronic Product Code (EPC), a unique identifier for each-i&&ID
provided by EPCglobal, which is a subsidiary of the glebahdardsion-profit
organization GS{Atzori et al., 2010; Miorandi et al., 2012)

Standardization solutianin IoT are seen to lower the entry barriers for new service

providers and users, to improve the interoperability of different systems and to allow
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products osservices to connect with each other, on a global scale (Xu et al., 2014;

Vermesan et al., 2011).

5.2 Composition of the loT-Technological Maturity Model

As earlier discussed, a number of different maturity models have been developed within
various domaing-dowever, there is a lack of documentation about how to develop a
maturity model that is theoretically sound, rigotgussted and widely acceptede(8ruin

et al, 2005. Therefore, the loATechnological Maturity Model has been developed in
close compliane with the model dealopment framework proposed bg Bruin et al.

(2005) which is suggested to be applicable for various domains.

The developed IoTTMM consists of eight different maturity levels in an ascending
succession, ranking from level 1 (3.0 Mattyrto level 8 (4.0 Maturity). The creation and
descriptions of the different levels in the model has mainly been cieaded orexisting
literature surrounding the maturity of the third industrial revolution and the concept of 10T.
In addition, the cration of the maturity model levels have been supported by observations
in the case companies in this study. The combination of the data sources has been carefully
divided into the eight maturity levels, suggesting a direction path of technology
developmert, from the current technology statiesl to the maturity of the third
revolutionand towards the envisioned optimal level of k@€hnologyand the envisioned
maturity of the fourth revolutiariThe maturity model levels can be seen to be of a general
chaacter, and can thus be utilized across degdions in the manufacturing industfihe
model can assisind contribute with assessmeibrganizations current technologyét

tied to the concept of loTn addition, the model can serve as a comparatasis for
improvements and as an informed approacHurther technology developmerits

organzations in the manufacturing industry

The IoTTMM is composed upon four main parametengel range characteristicsand
criteria. As mentioned, the modebnsists of eightevelsthat in an ascending succession
guides the path towards the highest level of the modelrartgerepresents whether it's
internal or external for the organization. Tdteracteristicsdescribes the capabilities and
properties orgaizations needs to have in order to be evaluated to be aiaulza level.
Based orthe characteristics, a setofr i t tat représents the main objectives which

needs to be fulfilled for each level, are présdnThe criteria’'s are regard&dcatribute

36



to provide a compressed and practical understanding of the organizations characteristics at
the different levels. As a main guideline, an organization needs to fulfill all the criteria’s to
be ranked at a particular level. However, an exemptiarbeamade i@ particular case.

More specifi¢ for instancdf the case is that an organization fulfills aflthe criteria’s at

level four, but fails to fufill one criteria at level threghe organiz@on can be ranked at

level four. We beleve that oganizations in the manufacturing industvil not have the
exactsame technology, and thus find it appropriate to open up for this exemption.

In the following, the characteristicsdthe criteria’$or each of the different levels are
described and prested Lastly, Tablel providesa summaryf the level descriptions and

an easy understandable overview of the develop&d échnologcal Maturity Model In
addition, a visualized overview of the matumiypdel is presenteid Figure 6. Lastly,
thoughtsaround anda suggestion for a simplified Ieiaturity assessment tes

presented.

5.3 Description of the 10T -Technological Maturity Model levels
5.3.1 Level 1: 3.0 Maturity

Level 1 existof three main characteristics, and theeeresponding level criteria’s.

The model originatewith the perception that organizations are currently at the brink of
embracingthe comcpt of Al nt e rganieatiosatievell bre negarslebb.be O
at the 3.0 maturity level of the third revolutiamhich can be considerdxkingreached
arourd year 2015. fefirstmaincharacteristiof this maturitylevel, is that organizations
haveimplemented some use®fTr ack and Traceodo technology,
the production and/avarehouse environment, but with limitedctionality. Thesecond
main characteristic othis maturitylevel, isthat tre organizationsave implemented an
Enterprise Resource Planning (ERP3ten, or individual ER¥nodulesthat the
organization can use to collect, store, manage and inteligueetfrom different business
activities, as produgilanning, manufacturing, inventory, marketing/sales, shipping and
payment, etc. Ththird mainchaicteristic otthis maturitylevel can be identified by an
initial automatization of theroduction and/owarehouse enk@nmentwith the use of at
least one robot, performing a specific activity independently in the production and/or
warehouse. At this level, the ERlystem (or modules) and the mawhcontrol are
technically regardetb be two different nointegrated wrlds. The organizations are

consideredo be characterized by being unconnected in the meaning that there's no
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requirements for any features of vertical or horizontal communication between robots,
machines and FBystems. However, organizat®at this level arsearching fosolution

for improving the effectiveness ekisting business processmovingowards hifper

levels of intelligence related theevolvingconnected world ofobots, machines, T
systems, products and humalmsadditionto these three main level characteristwes,
should mentiorsome additional potentiaharacteristicswhich can be considered being
essential elements tife maturity of the thirdavolution Since organizations have various
need for technologies, th@aracteristics will not be included in the mod&. printing is

an example ofinitial technology that is regarded be a central part of the maturity of
the third industriatevolution 3D printing can enable the printing of various products by
simplyusing a computer and a 3D modélan object. According to LEF3D printing is a
classic disruptive technology that is simpler, smaller, inexpensive and more convenient to
use than traditional manufacturing technology. However, the technology is noteskpe
prosper into the traditional manufacturing markets for a number of yédarsover, some
organizations havkess ned for 3D printing (Report LEF, 20)2Thus, 3D printing will
only be seen as a potential characteristic at this level, and itovitlena level criteria.
Furthemore, sensor technologwhich enables the connection of the physical and digital
worlds and allows redime information to be collectedhared and processed, is
considered as beirggkey technology enablat this level Sensors are vital for
automatization, where every robot is equipped with serisoexabling the functioning of
the robot and for the robot to be familiaittwthe surrounding environmertiowever, the
same does natecessarilyapplyproducts. Neverthelesthe equipping of products with
sensors in order for the produttemselveso register events and store information about
its functioning or surrounding environment, are increasingly being explored by
organiations. Moreover, this ian important preragsite of the envisioned smart products
tied to theconcept ofloT in the future However, having sensors on products at this level
will in similarity with 3D printing only be consideress a potential characteristic, and it
will not be a criteriaat thislevel. This reasoning stems from the outline abthat sensors
are vital for automatization whetiee robots arequipped with sensors in order to
function, whileproductsin many casedoes not need the sensors to functiimerefore

the sensors on pradts are not vital for the automatization in the same manner as the

sensors on the robots are.

" Leading Edg Forumi a global community whose programs contributes to help participants realize
business benefits from the use of advanced IT more rapidly
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5.3.2 Level 2: Initial

Level 2 exists of three main characteristics, and three corresponding level criteria’s.

Having at least one le&nabled object is determineallte the main entry requirement for

the path towards the 4.0 maturity, and thusfitisemaincharacteristic for level 2.

Currently,the literature surrounding the concept of 10T is lackirdear definition of what

an loT-enabled objeateallyis. Takea | i t eral |l y, it means Athing
Therefore it must be possible to communicate with the object via the Internet, either

directly if the object hasternetProtocol (IP)communication capabilities, or indirectly

via intermediate doware.Different termsareused for core concepts, and an indistinct use

of ASmart Objecto, ASmMart Thingo, dAlntellic
others. In addition, some authors has proposed their own original terms that seems to refer

tot he same, or a very similar entity. An qdlr
perspective been defined as a commercial product with five specific characteristics; a

unique identity, communication abilities, storage or-dalia, a deployed languagnd

decisionmaking capabilities. Similarly, smart devices (as PDA’s and mobile phones),

have been defined as physical objects with computing resources that are able to

communicate with each other and with other ugdesnandez and Re#flarganiec,

2014). Thus, in order to avoid confusion and for the purposes of this research context, an
loT-enabled object needs to be defined. This is also important in order to state the

difference between IoTechnologies, and earlier technologies (mechanieldctrial-,
computefrtechnologiesjJaegeket al, 2016)

In the third revolution, a major progresav8 t he i ntroduction of the
Logi cal Co n,whiah vds dasignédddr €diptrolling manufacturing machinery
andequipment. The PLC contained #ifee elements of a computer in one unit, namely

the computer memory, processing capability and Input/Output (I/0) communication

facilities. As one can understand, the PLC is thus the core component of the loT

technologies. However, as one can understiaaomd the outline above, some additional

requirements needs to be included. According to Porter and Heppelmann (2014, 2015), all
smart , connected products from home appliar
core elements. These three core elemastspaysical components (comprising the

product s mechanical and el ectrical parts),
microprocessors, data storage, controls, software, embedded operating systems, etc.) and
connectivity components (comprising therts, antennas, protocols enabling wired or

wireless connections with the product). While the smart components enhances the
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capabilities and the value of the physical components, the connectivity components
enhances the capabilities and value of the samemponents. In addition, the connectivity
components enables some of the capabilities to exist beyond the physical pisetfuct
(Porter and Heppelmann, 2014, 2D1Based orhis, and as stated by Jeegenl.(2016),
the definition of an loTenablel dbject in this research contegkists of three different

requirements:

1) The object needs to have the core elementsioPar o gr ammabl e Logi c ¢
(PLC) ,cmamely that the object is an electronic component with computer memory,

processing capabilitiesyd InpufOutput communication facilities

2) The object needs to have a globally unique identifier, or aadtfPesshatcan be
used if the object has 4€ommunication capabilities. Otherwise a globally unique
identifier must be assigned, e.g. by GS1 folligthe AutoID standards which is
typically used for RFIRtags.

3) The object have to be enabled to be reached globally. Wherever the object is in the
world, a tweway communication with the object must be possible, meaning that
the object has to have thellap to send and receive messages. In practice, this
means that the gdct needs to be connected directly to the Internet or via a
middleware softwarée.g. a control systemlf it is a norIP object, it needs to be
given IRcommunication capabilities ladding a reader/writer unit with 4P
functionality. A typical example can be an RFi@y that needs to be within the
range of an RFID Reader (and Writer) antenna to be condidertoTenabled
object (Jeegest al. 2018.

Accordingto the requirements olited abovean organization fulfills the first main
requirement at level 2 if it has one l@haled objectwithin the assets (manufacturing
machines, robot, transportation units, etcthemproducts (component/seffinished
product etc). Thesecondmaincharacteristic at this level, is that the technology in the
organizatios is under developmenmeaning that the organizations are seiag and
exploring for furthelmutomation in the production and/or warehouse environriaig.
entails thatebots,machines and FBystems arencreasinglybeingconnected, and set up

with the ability to communicate vertically througttontrol system dhe InternetThus,
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at this level, it is regarded that organizations have adopted, or are exploring an initial use
of the M2M-communication, e.g. the most common M2gtupaccording to Breeden
(2015),with a central hub that can accept signals from all connected assets (vertical
communication).

Thethird maincharacteristic at this levelhich can be seen to be retiite the ability of

vertical communication in the previous characteristnply that assets (machines, robots)
and/or products can be remotely programmed, accessed, and managed by for instance the
use of a PC, tablet, or a smart phone, from a remotadacat

5.3.3 Level 3: Connected

Level 3 exists of twanain characteristics, and tworresponding level criteria’s. At level

3, thefirst maincharacteristic ishat an organization needs to havei@ernal supply

chain control with at least two IeEnabled bjects, within the assets and/or the products,

with the ability to communicate vertically through a control system or the Int€Hoetd
computingcan be regarded as@herway of supportingzerticalcommunicationand are
correspondingly regardexs oneof the enabling platforms to support the connection of

devices and sensorslmT. Cloud computing, also commonly referred tgust Cloud, has

become a popular key iWord in the last decad&hesimplest working definition of cloud
computing isprovided by Kim (2009)who definescloud computingas beinghat

organizatonar e fiabl e to access files, data, prog
browser via the I nterne8uldngonghesedondby a 3r d g
characteristién level 2,organizationst this maturity levehave further implementettie

most common M2Msetup according to Breeden (2015), watte kind ofa central hub

that can accept signals from all connected assets @lestimmunication).
Thesecondmaincharacteristi@t this level, isthat at least one specific operation within

the production and/or warehouse environniexst been automated.

5.3.4 Level 4: Enhanced

Level 4 exists of two mainharacteristics, and two correspondiegel criteria’s. At level

4, thefirst main characteristigs that an organization needs to have an internal supply
chain control witthmorethantwo loT-enabled objects, within the assaetsl/orthe

products. In addition, the assets or products needs to have the ability to communicate
vertically through the use of a control system, the Internet or a Cloud. Further, the assets
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and/orproducts needs to be able to communicate horizontally. Thus, at this level, assets
and/orproducts are sedn become internally connected ahe Machineto-Machine

(M2M) communication are regarded to initial include the model for the future-M2M
communication, where the machines and robots have the ability to directly communicating
with each other (horizontal communication).

Thesecondmaincharacterist at this leveis that a specific part of operations in the

productionand/orwarehouse environment halween automated.

5.3.5 Level 5: Innovating

Level 5existsof four main charactestics, and foucorrespondindevel criteria’s. At level

5, thefirst main characteristits that organizations needs to have an internal supply chain
control with an increasingly number of labjects (at least ten) within the assatsl/or

the productsin addition, these lobbjects needs to have been enabled with the ability of
horizontalcommunication (e.g. robab-robot) and vertical communication (e.g. rotot
Internet)between the asseasd/orproducts.Thus at this levebuilding on the first
characteristic at level 4he Machineto-Machine (M2M) communicatiomcludingthe
modelfor the future M2Mcommunication, where the machines and robots have the ability
to directly communicating with each other (horizontal communicatiomecoming more
extensive, in accordance with the third characteristic atrtatsiritylevel.

Thesecaod main charateristic at this level ishat the loFobjects are further developed
and equipped with advanced features. More specifically, that the objects at this level have
selfawareness capabilitieghich means that the objects have the ability takit® own
status and structure, as well as any changes to it, and its history (Hernandez and Reiff
Marganie¢2014).

Thethird main characterigtiat this level ishat the productioand/orwarehouse
environment is extensively automated, e.g. the promlueind/or warehouse environment
is characterized by an increasingly use of robots replacing the manual workfoece.
fourth maincharaceristicinvolvesorganizatiomal understanding dhe importace of,as

well as interactingo achievestandardizatiorfdata standards, wireless protocols,
technologies). Without standardizatjehe communication between asgetassetind
productto-productbecomes difficult, especiallgpmmunication beyond organizational
boundariesThus standardizatioand interoperabty both can be regarded as two
especially central elementsganizations should be engageairthis level, since

standards are needed for interoperability both within, and between various domains.
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According to IEC (2015), interoperability can be defiras the ability of a system to
interact with other systems, without application of special effort for integration, e.g.
customization of interfaces, etc. Moreover, interoperability has to be established on
various levels, namely thghysical levelwhenassembling and connecting manufacturing
equipment, théT-level, when exchanging information or sharing services, and on the

business levelwhere operations and objectives have to benatiIEC, 201k

5.3.6 Level 6: Integrated

Level 6 exists of four maioharacteristics, which idivided intosix level criteria’s. The

first main chaacteristic at this level ihat there are an increasingly number of-tbjects
among the assetsdproducts Moreover, the organizatisrhavefurther implemented the
loT-tecmology, and the loPbjects hae the ability directly tocommunicate with humans
and other stakeholders internally in their organization, in additidvorizontal (e.g. robet
to-robot)andvertical (e.g. roboto-Internet) communicatior hus at this levebuilding

on the first characteristic at level 5, the Machioé/lachine (M2M) communication
including the model for the future M2/ommunication, where the machines and robots
have the ability to directly communicating with each other (horizontal conwation)is
becomingmore advanced due to the ability to communicate with humans and stakeholders.
In addition, theM2M-communication are consideraglbecome even more extensiive
accordance with the third characteristic at theguritylevel.

Thesecad main charactertg at this level ighat the loFobjects havehe ability to be
selfmanaged. This feature pasdeyondself-awareneséin the previous level), and
includes the lodobjects ability to use the information gatheréd order to manages

own life cycle, includingservices, selfepair and resources. It also includes the ability to
learn from experiences ancethbility to improve operation$iernandez and Reiff
Marganiec, 201¥ Thethird main charateristic at this level ighat the poductionand/or
warehouse environment is highly automated involvolgptsthatperforms a high degree

of the production and/or warehouse operations, further replacing the manual workforce.
Thefourth main charaterisic at this leveis that the connecteabots, machines and
products constantly and increasingly are exchangarious types of information.
Consequentlythe volume of the generated data and the processes which is involved in the
handling of the data, becomes critical and imporiambanageData management &

crucial aspect within 10T, and organizations at this level should have a deep focus on all

the exchanged data and initially develop a plan and strategy for further data management.
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The organizations needs to understand what infoomdtiey need in order to create as

muchvalue as possible (Tan et al., 2D15

5.3.7 Level 7: Extensive

Level 7exists offour maincharacteristics, which @ivided intosevenlevel criteria’s. The
first main charaterisic at this level ighat, in similaritywith the previous level, there are
an increasingly number of le@bjects among the assetsdproducts Moreover the
organization$avefurther implemented the technologgd evolved to external
communicatiorbetween productandassetsandsuppler andcustomers. In addition, as
from the previous levethe communication can occur horizontalydvertically, between
assets and produciBhus, at this level the range of the organizations are extended from
being merely internal, to embracitige organizabns external networlBuilding on the

first characteristic at level 6, the MachiteeMachine (M2M) communication including

the model for the future M2Mommunication, where the machines and robots have the
ability to directly communicating with each oth@orizontal communication) are regarded
to become even more advanced due to the ability of both internal and external
communication. In addition, the M2lgommunication are becomitnghly extensive in
accordance with the second characteristic at thed.lev

Thesecondmain charateristic at this level ighat the productioandwarehouse
environment are highly automated, meaning that robots and machines performs a high
degree of the productiaandwarehouse operationgplacinga high degree of the marua
work operations.

Thethird main charateristic at this level ishat organizations moves from Data
Management, and towards Big Data Management and extensive Dataignaig Data is
the result of an extensive implementation of new technology, andénmeus amount of
data that arises from the internal and external communication, and thenngrand
measuring of object®.g. a robots and/or a products performanoehe business
environment. Consequentlgjg Data Management, which is the orgatians
administration and governance of great volumes, of both structured and unstructured data,
becomes crucial importaat this level The aim of Big Data Management is to extract big
data to gain helpful business insights, which further means to embigh level of data
quality and accessibility for business intelligence and Big Data analytics applications. The
fourth main chaacteristicprogressefrom the third characteristat this level namely that

organizations at this level are actively engrhgn Data Analysis, with the inspection,
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cleaning, transforming and modeling of d&tam sensordVi2ZM-communicationsand
networks, in order to discover useful information and sugmginess conclusionsia

decisionmaking (Tan et al., 20}5

5.3.8 Level 8: 4.0 Maturity

Level 8existsof three main characteristicand threecorrespondindevel criteria’s.

Level 8, 4.0 Maturityjs the final and optimal levein the maturity modelwhich

represents the envisioned fourth industrial revolutigranizationsre predicted to reach

in the future Thefirst main daracteristic at this level thevision d optimal I0T-

technology usein whichall objectsin the organizatioifassets and products) arennected

to the Internet andeamlessly integrated, and thia objects canommunicate witlother

objects using common architectures, irdperability and open standards, enabling limited
human interventiorBuilding on thefirst characteristic orelvel 7,organizationst this

levelhave completely embraced irttee future model of M2Mcommunications, andre
considered to be highly advanced utilizing a variety of fixed and wireless networks for
global communications (OECD, 2012).

Thesecondmaincharacterisc at this level ighat the production and warehouse

environmers are optimallyautomategdhavingmanual work operationenly because it is
considered most appropriafehethird characteristic atis level isthat Business

Intelligence and Continuous improvement charactstize organizations. Moreovehe

business environment at this level will be characterized by continuous improvement,
enabled by continuous monitoring of réi@he performance data, which allows

organizations to discover and figure out design problems that testing failed to reveal.
Further, at this level is anticipatedhat one will seésmart factories"where the new
capabilities of smart, connected machines are reshaping operations at manufacturing plants
on their own, and where machines increasingly are linked together in sybtdhese

"smart factories"networked machines fully automatnd optimizes production. For

instance, it's believed that a production machine can discover and detect a potentially
malfunction, close down the machine aneshstem, and other equipmenéatitould be
damaged, and further direct maintenance workers to the problem. The key enabler for such
a smart environment are seen to be Business Intelligence, which can be described as a set
of techniques and tools for transformation of raw dat#o meaingful and useful

information for the purposes of analysis asmess (Porter and Heppelmann, 20Thus,

at this levé organizations haveecome predictive, meaning that organizations can
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forecast what can happen in the future, from the basis of &ig Danagement. For

instance, can predictive analytics identify consumers buying behavior, which organizations

can use for marketing trends, as well as production and capacity planning.rRareher

is believed that new business processes and modédis amige, since thergart, connected

machines angroducts creates new production requirements and opportunities. For

instance, might the final product assembly be switched to the customer site, where the final

step will be loading and configuring softwamethe product itself might be delivered as a

service (Porter and Heppelmann, 2D15

5.4 Overview and visualization of the lIoT -Technological Maturity
Model

Tablel: Overview of the lodTechnological Maturity Model

3.0 Maturity

barcodes in the production

and/or warehouse environment.

but limited function and
connection

and/or barcodes in
the production
and’or warehouse
environment

Level Range Characteristics Criteria Specific descriptions and technology
examples
1 Internal | Initial use of RFID and/or Use of RFID Use of “Track and Trace™ technology

as RFID and/or barcodes in the
production and/or warehouse
environment.

For imnstance. labeling products with
barcodes that can be scanned with the
use of barcode readers. The barcode
readers can be connected to the ERP-
system. which thus enables an
automated tracking and tracing of the
products location in the warehouse.

An ERP-system (or individual
modules) has been
implemented

ERP-system (or
individual
modules)
implemented

ERP-system. or individual ERP-
modules. that supports the collection.
storage. management and interpretation
of data from various business activities.
as for instance production- and
mnventory planning. Common ERP-
modules that are integrated with each
other are sales. procurement.
accounting. production and human
resources.

Initially automated production
and/or warehouse environment

Robot(s) used n
the production
and/or warehouse
environment

(at least one robot)

Robot(s) has replaced some of the
manual work. either in the production
and/or 1n the warehouse. In the
production. for instance. (a) welding
robot(s) has replaced a part of the
manual welding operation. 4nd/or (an)
automated transport carrier(s) has
replaced some. or all. of the manual
goods movement between working

stations. In the warehouse. for instance.

(a) robot(s) can receive the finished
goods and perform the packaging of the
products. 4And/or (an) automated
transport carrier(s) has replaced the
manual placement of goods at given
locations in the warehouse.
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2 Internal | Ome smgle IoT-object among | COne single IaT- A robot {asset] 1s able to send and
Initial the assets or the products object (an asset or | recelve messages. hMore specifically,
a product) the robot can send signals to the
control svstem, and notify about
errors, the need for raw materials,
fmished goods ete.
The robot can also recerve messages
on the bazsis of programmimg codes,
which gives the robot mformation
and direction on what tasks to be
performed.
Technology development — Eaobots, machines
Eaobots, machines and IT- and IT-systems
systems are mitially have been mutially
connected for antomation n | connected for
the production and or automation m the
warehouse with the ability to | produchon andor
communicate vertically warehousze with
the abibty of
vertieal
communication
Eemotely programmimsg, Bemotely contrel | For mstance for {an) asset(s), the
access and management of of asset(s) and'or | robot{s) or the machme(s) can be
asset(s) and/'or product{s) (by | product{s) are remotely accessed from a location
PC, tablet, sart phone) possible outside the production- and or
warehonuse facility. For mstance, 1f a
robot m the production stops
functionimg because of some error,
the robot sends an error notification
through the IT-systern that a
responsible person {e.g. operator)
recelves. [his person can then access
the systemn from a remote location,
remove the error and mutate the
functionimg of the robot agam. For
mstance for (a) product{s), service
agents at the supplier of the product
can access the product remotely,
identify and solve errors, without
makmeg use of resources on-zite at the
customers location.
3 Internal | At least tavo IoT-ohjects At least two IoT- For products for mstance, an example
Connected among the assets and or objects (assets can be that a supplier of thruster

products, with the ability to
communicate vertically

and’/or products)
with the ability of
vertical
communication

engimes has equipped their thrusters
with sensors that can sense
temperature and vibration. If the
thruster engme m a ship starts to get
heated, the thruster can send a
notification about the high
temperature through the IT-system,
and a responsible person can look
mto the data transmitted from the
thrster, and see what actions that
needs to be taken. For mstance, can
thie data reveal that there 15 a part that
needs mamtenance or has to be
replaced.

A specific operation (at least
one) withm the production
and’/or warehouse
environment has been
automated

At least one
specific operation
has been
antomated withm
the production
and or warehousze
environment

In the production environment for
mstance, the weldmg-, assembly-, or
cutting operation, etc. has been
automated by the use of (a) robot(s).
In the warehouse environment for
mstance, the packaging operation, or
the placement of products m the
storage racks m the warehouse
operatton has been antomated by the
use of {a) robot(s).
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4
Enhanced

Internal

More than two IoT-objects
among the assets and/or
products, with the ability to
communicate horizontally
(between asset to asset, product
to product) and vertically,
between assets and/or products

More than two
IoT-objects among
the assets and/or
products, with the
ability of
horizontal
communication
and vertical
communication,
between assets
and/or products

For instance, Robot A, assembles
cardboard boxes, and supplies Robot B
with the finished boxes. Robot B,
produces standard parts, and places the
standard parts directly into the cardboard
boxes, supplied from robot A. When the
level of cardboard boxes reaches a
minimum level, a signal is sent directly
from Robot B to Robot A, to send more
boxes (horizontal communication). In
addition, in the same manner as the
example on level 2, the robots can send
signals through the control system and
notify about errors (vertical
communication). The robots are internally
integrated.

A specific part of the production
and/or warehouse environment
is automated

A specific part of
operations in the
production and/or
warehouse
environment have
been automated

In the production for instance, can the
production of standard parts and
components for a company's various
products have been fully automated,
where robots and machines performs all
of the production operations leading to a
finished part or component, in a
production network monitored by an
operator.

In the warehouse for instance, can a
specific part of the outbound warehouse
operations, as the picking and packing of
products on the basis of a customer order
have been fully automated, where robots
and machines performs all of the
operations leading to a complete packaged
customer order for shipment. In similarity
as for the production example, an operator
monitors this product-packaging network.
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5
Innovating

Internal

Increasingly number of IoT-
objects (at least ten) among the
assets and/or products, with the
ability to communicate
horizontally (between asset to
asset, product to product) and
vertically. between assets
and/or products

At least ten IoT-
objects among the
assets andor
products with the
ability of
horizontal
communication
and vertical
communication.
between assets
and/or products

For assets for instance. based on the
example outlined at level 4. there are
ten (or more) robots that have the
ability to notify the control system about
errors and need for raw materials. as
well as notifying a collaborating
robot(s) to slow down if the capacity 1s
nearly full. or to speed up if it has
excess capacity.

IoT-objects (assets and/or
products) are equipped with

IoT-objects has
self-awareness

For assets for instance. robots and/or
machines are equipped with sensor data

self-awareness capabilities capabilities that makes them able to sense and
compare e.g.. the humidity data of a
product. If the robots and/or machines
defines the conditions as unfavorable,
the robots can route the product to
another area of the manufacturing
process. reducing duplicate work and
maximizing plant uptime.
Extended automated production | There's an The production and/or warehouse
and/or warehouse environment | extended use of environment 1s characterized by an
robots in the increasingly use of robots and machines
production and/or | replacing manual work operations.
warehouse
environment
Standardization (data Standardization Standardization of data. wireless

standards. wireless protocols.
technologies)

protocols. technologies. e.g.. in order to
enable horizontal and vertical
communication - between assets and
products, asset/product-to-
human/stakeholder. asset/product-to-
supplier/customer communications. and
interoperability both within. and
between various domains. Thus.
standardization is a prerequisite to
enable communication between robots.
machines. products and IT-systems.
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[
Integrated

Internal

Inereasimgly number of IoT-
objects, among both assets
and products, with the abihity
to communicate with humans
and other stakeholders, m
addition to the ability to
communicate honzontally
and vertically, between assets
and products

Inecreasingly
number of [aT-
objects, among
both the assets and

products

Asset'product-to-
human'stakeholder
communication
mternally

Horizontal
communication
and vertical
communication,
between assets and
products

For products, for mstance, based an
the example outhmed at level 3, 1fa
thruster engime m a ship starts to get
hieated, the thruster can send a
notification about the high
temperature to the ship who can look
wto the data tranamitted from the
thruster, and see what actions that
needs to be taken. In addition to the
ship owner, other stakeholders, e.g. a
person responsible for the
mamtenance of the ship, can aszist the
owner with error diagnozis. The
thrusters can also communicate with
the ships engme-system, for mstance,
can the engine-system be
automatically turned off, or the speed
can be lowered, m case of errors. If
the ship has several thrusters, the
engme power can automatically be
adjusted and switched to the other
thrusters, to avold crucial damage on
the overheated thruster.

IoT-objects with self-
management capabilities

IoT-objects have
self-management
capabilities

For products for mstance, 1t can mean
that the produects are able to sensze
posttion, hight conditions, weather and
geagraphic conditions, e g. a smart
motoreyele helmet that meludes a
light that can be automatically
activated when the Light conditions
are poor, and a GPS-navigation
syvstemn that can reroute the planned
route m case of accidents, closed
roads, etc.

Highly antomated production
and‘or warehouse
environment

Use of robots m
the production
and’or warehonse
envIronIment
replaces a lugh
degree of mannal
work operations

The production and sr warehouse are
highly automated, where robots
performs a high degree of the
production and/'er warehouse
operations. For mstance m the
production, based on the example
outhned m level 4, robots and
machmes have been further
connected for antomated production,
and the movement of products
between the working stations are
performed by automated transport
carriers, creating an automated
production network monitored by an
operator.

Data Management

There exists a plan
and strategy for
Diata Management

The connected robots, machmes,
products and IT-systemns are
constantly and mereasmely
exchangmmg varions types of
mformation and data, and the volume
of the generated data and the
processes which 15 mvelved m the
handlmg of the data can be seen to
become critical and mnportant to
IANAZE.
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