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Abstract

This thesis investigates how AP Moller Terminals and Maersk Line currently conduct procedures related to
unload of containers and operational container handling inside the terminals. Further, the seesis to
identify problems related to these procedures. The research is based on a qualitative interpretive research
approach, striving to gain an-glepth understanding of how these procedures may be enhanced through
deployment of Internet of Things ar8bftware Robotic Capabilities. Through a businasd technical ana-

Iytical assessment, this paper identifies a possible solution architecture that leverage on technological ad-
vancements to derive organizational benefits and drive the operational exceltdribe future. The business
analysis is supported by a thorough understanding of the business model and a cost / benefit analysis.

Whereas the technical analysis is supported by participatory design theories and architectural frameworks.

Keywords:nternet of Things, Robotic Software, Automation, Shipping, Smart Products and Services



Company Introduction
The largest shipping company in the world is a Danish company called Maersk. The Company was founded in

Svendborg in 1904 by Mr. Arnold Petiloller together with his father

Captain PeteMaerskMoller.

The twoset out on a journey to enable transportation to every corner of the

world. This vision of being the largest shipping company led them to create
Maersk[ AYS AY wMdpHY & KA @ HRner ddrvice thaKgileds 2 NI R
between US and Asia. In the same ydaerskalso introduced its first tanker

vessel to theMaersk fleet. In 1930Maersk Mc-Kinney Moller began his
GNIAyAy3a G2 aGSLI Ay KAia FlLiKSNDRa ¥F22

banking related businesses across the globe. In 18@@rsk Mc-Kinney

Moller returned to Denmark and started iMaersk in a Junior

management role.

One year lateWorld Warll broke out and in 1940 Denmark got occupie

by Germany which led tMaersksailirg the entire fleet out of Danish

>

waters and into neutral ports where the ships later would be request ‘
to transport goods for the warring countries. Between 1940 and 1¢

Maersklost 25 ships and 150 seamen.

In 1955 the demand for shipping was growindast thatMaerskhad to
increase the size of their ships. This resulted in Odense Steel building a new Shipyard at Lindg that allowed
them to build ships that had a capacity up to 200.000 tons. 14 yearsN&terskalso outgrew this Shipyard

so Odense St had to again increase the size of their shipyard so that they could $hippdthat had a
capacity of 650.000 tons.

In 1965 Arnold Petdvioller passedaway at the age of 88. At this point in time, thaerskfleet consisted of

88 ships which was amouwsd to almost half of the total Darfisnerchant fleet. After the death of R.Moller,
MaerskMc-KinneyMoller took over the role as director dflaerskand continued to expand and develop the
business. The great vision thigtiaerskMc-KinneyMoller had forMaerskresulted in startingVlaerskSupply
Services in 196 MaerskAirlines in 1969MaerskData 1970 anddaerskdrilling in 1972. Especialiaersk

data had a huge impact for the operations in the shipping business but the company was sold to IBM in 2004

and thebusiness unihad at that point grown to a total staff of more than 3500 people around the world.



In 1975Maerskintroduced the first container vessels that started sailing on the oridifsdrskLine route
from US to Asialhroughoutl K S M dtminefizatiorohad/expanded so much thdaerskhad to establish
the freight forwarder company called Mercantile with subsites in Taiwan, Hong Kong and Singapore. The

activities from this company was continued\itaerskLogistics and now in Damco.

In 1979Maerskacquired Svitzer. Today, Svitzer is the global market leader engaged in specialized marine
activities such as harbor, coastal, terminal/lLNG, offshore and ocean towage as well as salvage operations,
crewboat and emergencyesponse services. In 198daerskmade its first acquisition within the liner

businessMaersktook over the liner activities in Chargeurs Réunis, France, and Cie Maritime Belge, Belgium.

In 1991MaerskContainer Industry was establishddaerskContainer Industry was establishedTinglev,
Denmark with the purpose of developing and manufacturing containers for the shipping industry. Today, the
headquarters and sales office are located in Copenhagen, whereas the research and development

department remain in Tinglev. Production tak@ace in three modern facilities in China and in Chile.

In 1993MaerskMc-KinneyMoller steps down as CEO Mfaerskand was succeeded by Jess Sgderberg, who

headed the company from 1993 to 2007.

In the same yea¥laerskacquiredEACBen Container Line whinhdeMaerskthe largest container Shipping

company in the world.

In 1999 Selaand and Safmarine was acquired. Both companies continued operating undeptiginal

names.

In 2001 APM Terminals was founded. Since entering the container business, Maerslad.iinvested in
terminal facilities around the world. The portfolio of terminals was significantly iseavith the acquisition

of Sedand in 1999 and it was decided to establish APM Terminals as an independent business unit providing
port and inlandinfrastructure services APM Terminals currently operates 73 ports and terminals in 36
countries and continues to expand. In 20d@aerskacquired P&O Nedlloyd. The British P&O and the Dutch
Nedlloyd container shipping companies were merged into P&O Neldiiog995. In 2005, the constellatio

was acquired by A.P. Mollktaersk. During the intgration process, the Maersk Seaid brand was changed

back to Maersk Line (as before 2000). The integration of one large, global organization into another large,
globd organization proved difficult, but eventually provided Maersk Line with a scale that would not have

been possible through organic growth.



In 2012MaerskMc-KinneyMoller passed away at the age of 98. At this point Moller was still active
chairman of he A.PMoller foundation, but after his dead his youngest daughter Ane Maerkdhoey Uggla

took over his position.

In 2015, the official opening of APM Terminals most technologically advanced and sustainable container
terminal Maasvlakte Il took plac&he Maasvlakte Il runs entirely on power generated by wind turbines and

is the world's most automated container terminal to date.

In 2016,it was announced that the previous conglomerate business structure of A.P. IgMiaersk was to
be reorganizednto two separate divisiong an integrated Transport & Logistics division containing Maersk

Line, APM Terminals, DAMCO, Svitzer and Maersk Container Industry and an Energy division.

The main growth focus of A.Rloller Maerskgoing forward would be on the traport and logistics services.
The oil and oil related businesses were to be separated fromMoRer Maersk either individually or in

combination. In 2017 the QOil business were sold to Total.

In February 2018/1aerskacquired Hamburg Sid, makiMperskline the largest shipping company in the
world and thereby completing the mission set by Mr. Arnold PdteHler and Captain PetevlaerskMoller

in 1928 wherMaerskline were established.



Introductiong Three waves of {diriven competition

Today it is endent that technology is revolutionizing products and services. Historically products and services
was composed solely of mechanical and electrical parts, today products and services can be seen shaped as
complex systems that combine hardware, sensorsag&brage, microprocessors, software andnnectivity

Michael porter, and these products have been made possible by enhancements in processing mobwer a
device miniaturization. Moreover, these products and services are enabled by the network benefits of
ubiquitous wireless connectivitg unleashing a new era of technology driven competition. Connected
products and services is at an exponential pace targaopportunities for new functionality, reliability,

greater product utilizatiorg and capabilities that surpasses traditional product boundaries. As products and
services are changing in nature, organizations are forced to rethink and retool neanghévgr aroundg

and how they conduct their business processes both externally and internally (Porter, 2014). The new types
of products and services are altering industry structures and forcing changes towards the nature of
coemption, exposing organizatisnto new types of competitive threat and opportunities. Industry
boundaries are being reshaped and many new industries arise, due to the very same opportunities. As
Michael Porter states in the Harvard Business Review of 2014, many companies are toddytdoask
themselves 6 K I (0 dz& A y damely diieYo the erieyfjiig technologies around smart connected
products and serviceShis is also a question raised by Maekdlk; NB ¢S | O2y GF Ay SN AaKAL
we a worldclass IT organizatioiktl (0 KI LJIJSya (2 2¢y | f(&Jam Bafks, 2088.4 St a

¢CKS LIKNI&S aAyidSNYySi 2F GKAy3aé oL2¢0 KFa GKS LI 2
within the IT field. A term arisen to reflect the increasing number of smarinected products and to

highlight and merge the new opportunities they cand ultimately will represent. However, this phrase has

in general not been considered helpful in terms of understanding the phenomenon and/or its implications.

The phenomenon Wibe further elaborated upon, after briefly understanding the first two waves-dfiMen

competition and the evolvement of the internet;

The first wave of Flriven competitionbefore the arrival of modern information technologies, products were
mecharncal and activities across the valueagh were conducted using manuphper processes and was
dependent on verbal communication. According to Porter the first wave of IT occurred during the 1960s and
1970s, individual activities got automated in the vaklin, from order processing and bill paying to
manufacturing resource planning enabling a transparency in the production, wiaispreviouslyunseen.

Productivity increase was driven as the newly generated data could be captured and analyzed for each



adivity. Porter statesow this led to standardization of processes across companies and increased the focus
FNRY 2NHIYyATFGA2ya 2y K2g G2 tS@HSNIIAS @I fdz2S FNRY

The second wave of -tifiven competition,in order to understand how ITdrove the second wave of
competition, it is vital to understand how the world wide web, evolved to enable the second wave of IT

product/service driven competition;

Web 1.0 is the firgteration of the internet as we know it (19932006). Theveb 1.0 iconsidered as a read

only era of the world wide web, only consisting of flat or static data. The web 1.0 did not allow for interaction
between the IT product/service and the web user. The world wide web was simply considered a portal of
information, wheren users passively receive information without having the opportunity to interact in the
content on a given webservicé/eb 2.0 is the second iteration of the internet as we know it (202616).

The web 2.0 is considered as the read/write era of the waiide web, consisting of dynamic interactive
user generated data, allowing users directly to interact with the web product/service. Moreover, the
uniqueness about the web 2.0 was that users of a given system could directly interact with the system and
communicate and knowledge share across geographical boundgriaexpensively and with ubiquitous
connectivity. This unleashed the second wave edirlfen transformation. Organizations got enabled
coordinate and integrate across individual activities; etnally, with external suppliers, channels and
customers (Porter, 2014). Organizations was furthermore enabled to integhamselvesin global

distributed supply chains, which was disrupting the shipping industry;

X A new level of coordination across ¥@sShiprants, Intermodal transportationcommunication and

alignment with customers and third parties had risen

During the first two waves of {driven competition there was an increase seen in terms of productivity gains
and growth across the economy.hile the value chain was transformed, however, products and services

themselves were largely unaffected. This leads us to the third wavedsividh competition.

The third wave of Fdriven competitionjswhat is coined as the era of Internet of Thinfgsl} The internet

is in its nature a simple processing mechanism of information. This nature of the internet remains the same
within the third wave, however what is the changing is the nature of what is being interragiled. In the

third wave, IT will Bcome an integrated part of a given product or service. Thesngoweredthrough;
embedded sensor dat&;PSprocessors, software and internenabled physical products (e.g. a container
with an installed computer, with internet). The connectpbducts @n be coupled tacloud-based data
repositories, wherein the data being generated is stofedthe given product or service entity. In the

repositories datas being stored and analyzed in order to capture patterns to drive improvements in product



or servce functionality and performance. A vast amount of data on new product/sensage is enabling

organizational improvements, which will be uncovered in later sections of this thesis. According to Porter;

G! y20KSNI £ S LI AY LINE Rdrfeashed hyiihese hey anil Kefter rddidcis. anvadditian A f f
producing them will reshape the value chain yet again, by changing product design, marketing,
manufacturing, and aftesale service and by creating the need for new activities such as product data
analytics and security. This will drive yet another wave of vethagnrbased productivity improvement. The

third wave of ITdriven transformation thus has the potential to be the biggest yet, triggering even more
innovation, productivity gains, and econdn® 3INR g K (G KIFy GKS LINBGA2dza (g2 ¢
¢ KNRdz3K2dzi GKA&a (GKSara ¢S oAttt GFLEARFGS t2NISNDRa
service improvement for Maersk T&L will be achieved through an intesnabled end to end process tbfe

operational shipping cycle, with an emphasized focus upon the terminal operations.

Glossary / Terminology

Below table outlines the terminologies that we use to explain the entities that constitute the terminal
operations:

Term Explanation

Quay Crane A Quay Crane is a crane that is statioratrthe edge of
the harbor. The purpose of this crane isuaload and load
containers from the container ship onto a truck that can
park directly under the crane as shown on the illustratio
below:

TERMINAL

As we carsee each Quay crane have room for 3 trucks i
waiting position under the cran@s the crane is stationar
they have a limited reach from left to right.




Shuttle Carriers

%| MAERSK

o J o)

The main task for the Shuttle Carriers in the terminal is
move the containes from the Quay Crane and into the
container yard, where the container will be placed by th
Reach Stacker Crankloaded Shuttle Carrier can drive
with 15 km/h.

Reach Stacker Crane

A Reach Stacker Crane is a crane thatdrae like a truck
with speeds up to 25 km/h. It alsbasa lifting arm that can
lift containers 18 meters up in the aifhe use of the Reac
Sacker in the terminal is to takéihne container off the
Shuttle @rrier and place it in the terminal yard.

TheContaine Vessetomes in many differa sizes where
the smallest ishe A classind the biggest is the Triple E
Depending on the size it containership must chose the
correct port. The containership is transporting the
containers from one terminal to another.

Pre-Berth

Preberth is the event when a ship isi®urs away from
docking at the designated port. The event is basically th
captain of the ship pressing a bottom that send a messg
to the Terminal that it will arrive in hours.

Berth

Berth is an event whre a signal is sent to the Terminal
that now the ship is docking at the chosen location.

RCM

RCM stands for Reefer Container Management. A Reef
Container is a refrigerated container where you can
choose a specific temperature you want inside the
contaner. This kind of containers are mostly used for F(
products. The Reefer containers comes in two different
sizes: 20 Foot Reefer and 40 Foot Reefad is already
GPS enabled.

DCM

DCM is an abbreviation for Dry Container Management
Dry containers & normalcontainers that comes in 20 fee
and 40 fe¢ size. DCs are currentlgot GPS enabled.
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GCSS Global Customer Service System is the booking system
containers.

GSIS Global Schedule Information System this system includ
data about estimates andctuals of when ships and
containers will arrive.

LastFreeDay Is the amount of free dates that the customer buyish
regards to his/her booking anuhsed on this data object
S OFy OFtOdA IS G9ELISOG S

Table 1.Glossary

Methodology

The resarchframeworkapplied for this Thesis is the research onitinis was developed by Saunders et al.
(2007). The research onion illustrates each of the stages that must be covered as part of developing a
research strategy. It has been widely used throughth& course of our undegraduate and graduate
engagements, and has proven as a strong framework and guiding principle to ensure that adequate and
detailed research is conducted. As seen from the outside, each layer of the onion describes a more detailed
stage of the research process (Saunders et al., 2007). The research onion is designed so that it provides an
efficient progression, which in turn a research methodology can be designed upon. It is widely recognized for
its usability and adaptability for mogypes of research methodologies and further the framework can be

used in a variety of contexts (Bryman, 2012).

The research onion moves through five stages, in the five stages the research is brought through an effective
methodology for setting a cleand thorough research strategy. Each stage is as briefly described below and
in the following section each of the stages will be thoroughly described and related to the research
methodology applied in this thesiBirst the researciphilosophyis being déined. The research philosophy

sets a foundation and creates the starting point for the research approach, whichsedbadstep adopted.
Thirdstep of the research onion the research strategy is being defined fdimh layer identifies the time

horizon in which the research has been conducted. Finallyfiftiestep represent the activities conducted
around data collectiorg whether being; Primary data, secondary data, observations, etc. The benefits
achieved through the appliance of the researchoonare thus a process that covers the end to end process

of collecting and research data.

Research philosophy
This thesis is an empirical study on how Maersk T&L currently conduct their operatiguuihgtprocedures

related to unloadof containers fromvessels. The research philosophy helps us identify the beliefs and the
nature of the reality we are striving to investigate and research (Bryman, 2012). The research philosophy sets
the underlying definition of how knowledge is to be perceived. The assongptlefined and created in a

research philosophy, provides a justification for how the research will be cond(fdiekl, 2011)At the basis



research philosophies differ between two approacheterpretivism and positivism. This paper takes a
gualitative interpretivist approach towards data gathering and research conducted on the same. The
interpretivist approach believes the nature of reality is socially constructedratdndividuals may perceive
X-situation different from one anotherg dependent on he individuals own view of the world and their
constructed reality (Saunders, et al 2012). Interpretivism allows for a subjective approach and is more
focused on the micro level and granularity of research, as seen in contrast to positiwkich concers

with macro level quantitative research settings. Furthermore, one of the cornerstones in an interpretivism
research philosophy is that the collection of information, data and knowledge is obtained through; semi
structured interviews, participant obseniah and ethnography. As both of us have been working in Maersk

T&L for the past four years, this approach was a naturédffithis research.

Research approach
We consider our research approach as being both inductive and deductive throughout the Hrakis,

especially throughout the preliminary research. In our research, we sought to achieve a better understanding
of the operational shipping procedures and the legacy software system landscape. Ultimately to identify;
how these could interplay to obtain seen values and benefits from an organizational perspective, driving
competitive excellence through IT. Both the inductive and deductive is supported by collection of data
through; interviews, observations, and secondary data. The inductive approachside@a as a bottorup
approach for research. It is starting the research with observations, then attempting to achievensakisg

of these observations and to establish a pattern. To conclude on the observed patterns, theory is being
applied to get a me granular understanding of what it is that has been observed. As mentioned above the
focus during our observations was to understand the actors throughoututhleading procedures of
containers, as well as the current legacyissoftware landscape. Bypserving and understanding these we
KIS 3FAYSR | F2dzyRFEGA2y It (y2¢éftSR3IS G2 LI OS 2d
collected from our interviews and the understanding obtaitlesughobservations is applieith the chosen

theoretical fameworls, to beable to understand the posed research question adequately.

As mentioned above, we would also argue that our research approach is deductive. The deductive approach
is concerned with the fact that a researcher holds conclusions and assuspas well as; having theories

in scope prior to starting the research. Meaning, that the research is not set in place to formulate a new
theory based on the researcfWilson, 2013) Prior to our research we both held assumptions and
conclusions, furthemore we had decided that the technical cornerstone of theoretical framework would be
the EPCGlobal Future Architecture Model. However, it should be noted that none of the formal or informal

interviews conducted have been forced to answer questions direetlated to this technical framework.
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Interviews have been open in nature, and we have allowed the participant to evolve and elaborate his
thoughts and views as we moved forward. What also characterizes the deductive approach is that a
hypothesis is deveped upon an existing theory. The research approach is then in turn formulated in order

to validate or reject the posed hypothesis. In this setting, one may consider the research question as the

overarching hypothesis, that we seek to answer through theepa

Research Strategy
The research strategyedcribes how a researcher intemal carry out the work related to the research. As

Saunders states; the research strategy is defined as the method in which, and how the researcher will go
about answering his/heresearch question. He further describes how it is the methodological link between
philosophy and subsequent choice of methods to collect and analyze data (Saunders et al.,, 2012). The
research strategy of this thesis is a qualitative case study, thiagedbon the argument that we are
conducting a qualitative research and interpreting a single research setting. Furthermore, to support the
argument; we strive to explore and understand phenomena within a given context, which in this specific case
is the ITdriven value derived from the potential implementation of digitization in physical operational
procedures (loT). This case study enabled us in greater insights of the research setting and the relevant
operational procedures as well as legacy softwvaredadr LJIS® 2 S | OKAS@SR (G2 3ISyS
GoKIGeé YR GK2ge o0& F2tft20Ay3 G§SOKyAldzSa &adzOK | &
et. al., 2012). In addition to these techniques, one must note again that it is inevitable that we é@ve b
influenced by a sense of ethnography. We have both been closely observing, examining and been an integral
part of the Maersk T&L organization. However, the ethnography is mostly related to the observance around
the software legacy systems and the autaiion teams. Unfortunately, we have not been able to visit the
terminals physically and hence we will not be able to argue that we have achieved a sense of ethnography

within this area.

Time Horizon
The time horizon is an important aspect of the overajp@ach to the research as it determines the period

in which the research is based upon either; cresstional or a longitudinal study. The time horizon of this
research setting is crosectional, or a snapshot in time. This is since the data colleistioonstrained to set

period and not a repetitive exercise following theiastate of Maersk T&L over a longer period. Our research
strived to understand how Maersk&L currently conduct their uoading procedures, in order to identify and
understand howthis can be done more efficiently. Note, that we allowed our observations and interviews to
evolve and emerge as we proceeded. Hence interviewees did express prior experiences from the past, these

expressions have been considered but was not part ofrthigl intention of the research time horizon.

11



Research Techniques and Procedures
As mentioned in the above section, the data collection techniqgues we have used have been a mix of

numerous approaches in order to acquire ardapth understand of the reseeh setting. Primary data have

been acquired mainly through nestandardized interviews with neleading operended adaptive questions

and strived to gain a naturalistic interaction with the interviewees. Some questions have been guiding
towards our speci€ area of interest. Moreover, we tried to establish an open conversation during the
interviews; meaning that interviewees were enabled and free to express their personal thoughts and
perceptions. This in turn allowed us to ask spontaneous questions asogeessed through the interviews

we conducted. The few guiding questions that we did ask in accordance to our theoretical framework,
enabled us to establish insights and understanding of how the current operationsitiastirelated to
container uhoading was conducted. And conversations with technical personnel helped us understand how
the current state of the software system landscape, which in turn enabled us to identify and evaluate the
building blocks for the proposed software robotics. In additoptimary data, we have collected secondary
data from internal technical documents to understand both the software landscape and the physical
hardware present in the terminals. We have also reviewed and analyzed design documents from both APMT
and ML, in eder for us to get an understanding of the digital transformation both entities are going through.
This enables us to establish a sense of how these two entities in a joint effort may achieve benefits from
combining their transformation initiatives. Lastiyp terms of secondary data we have acquired knowledge
from different Maritime magazines to get a thorough understanding of the current market state. Our ethical
standards have been apparent and clear for participants during our research. In all conidteteiéws, we

have made it explicit and expressed our intentions and the process. This involved informing the interviewees
about their rights to not answer questions that they did not desire to answer, as well as clearly expressing
the confidentiality that this thesis is bound by. Ahead of interviews and observations we have requested
whether notes and audio recordings was allowed or prohibited. To summarize, we are confident that the
research strategy followed throughout this process have been suffiaimhtachieved the expeetl outcome

in terms of establishing a strong foundational knowledge, to base our findings and discussions in.

Limitations of research
As a final note, or disclaimer, to our methodological section we would like to shed light upbmita¢ions

that we have faced throughout the process of research. The interpretive approach taken concerns with us
making sense and understanding of the collected data and observations. As we have both been employed by
Maersk Line through the past 4 ysamwe may have acted subjectively and biased with regards talatar
gathering. This may be considered as a limitation as our rationale have been bounded by the social reality

that we have constructed in working as an integral part of the organization av@nger duration of time
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(Bounded Rationality). Furthermore, we had initially planned to havsi@visits in the APMT Terminals in

(1) Maasvlakte to see the cuttirefdge technologies that is currently being deployed in their infrastructure.
Moreover,we had had also planned to visit (2) Aarhus terminal, as the proposal through this thesis takes its
basis in Aarhuklavr t&rminal. Both orsite visits did not happen due to time constraints and availability of
the right resources to be interviewed dugrthe onsite visits. Hence, we identified it would be sufficient and
adequate to obtain documentation from these resources instefdpending a full dagt the operational

site. We are confident that the research obtained from this is sufficient, howaeeare certain that our
2OSNFff dzyRSNRGFYRAY3I 2F 2LISNIGA2yFE LINR OSRYANEB a
expeaience from both terminals. Othdimitations that we have faced in the research is company sensitive
data like; costs associed to physical quay crane operation (people), digitization costs (of terminal
hardware), costs associated to software development and integration to physical assets in terminals. This
have made it difficult to form a granular codbenefit analysis as ourosts are mainly bound based on
assumptiongestimates However, we ar@chievingo showcase the method in which we would have done

the actual cosbenefit (if we had the actual costs), hence we are satisfied with the achieved rEiselfinal
limitation that we experienced throughout the writing of this thesis was our ability to obtain data on how
the proposed solution could be rolled out. Moreover, we did not achieve to get an understanding of the
considerations the managerial layer of both APMT and Mulavtake in an implementation scenario of

robotics and IoT.
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Problem Statements Research Question

In the above section of the company introduction we understood that Maersk T&L have a unique position in
terms of owned property and infrastructure, enaig them in full control of the end to end shipping cycle.
This allows Maersk T&L to aspire towards becoming the global integrator for all container transport; whether
it being on major shipping vessels, barge ships, inland trucking transpaatl trangortation. This paper
seeks to identify potential synergies that may exist and can be leveraged upon between ML and APMT. The
core of the synergies that we strive to identify lies within the technological area, both in terms of digitization
of physical hastware in the terminals (loT) and how this potentially could interplay with the existing legacy
system landscape in Maersk Line. The solution thatare proposing will in detail be explained in setat
section of this paper, prior to doing that we will iddy the problem statements that we seek to resolve with

the implementation of our ppposed solution. But establishcantextual understanding fothe reader the
proposal solution encapsulats a fully automated container lifecycle fromhdurs preberth until the

container have been placed in container yards awaitingfomerpick-up.

Communication gaps

Current state in terminal ports make the operational stakeholders reliant on traditional radio and radar
communication between captaingerminal operatos, tugboats and other operational participants. Key
decisionmaking is made through these traditional technologies (radio and radar communication), forcing
complexities related to coordination between the different stakeholders in the container lifecpote pre-

berth to container placement in container yards. As the communication required between the stakeholders
in the lifecycle is vast and happening between numerous participamtgkes it extremely difficult to abide

to the critical path for the opeational proceduregAlexandru Duca, 2018yloreover, since the coordination
between teams and operatsrare done manually the process is error prone, disabling the operation to
achieve efficient performance. By being disabled in following the critichl gatre is a direct impact towards
carrier liners and terminal operation. Carriers, are forced to berth for longer durations, instead of being in
voyage towards their nextcation And with regards to terminal operation the terminal is limited in berghin
additional vessels (as there is a limitation to number of quay cranes), causing a direct impact on bath liner

and terminal business. Ultimately causing bottéine impact for both ML and AMPT.
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Bix boxes, big risk

ICHCA International statistics on mtane inland accidents shows (as illustrated in chart) that 41% of all
accidents, within shipping operations, are related to the activities happening at the quayside. Quayside
operations compromise berthing and mooring operations, loading and dischaggnts#iners, lashing and
unlashing operations of cargo at the quayside. With the proposed solution cafog automated container
unload procedure, Example of a chart produced from statistical data

reducing the amount
of human interaction
and thereby reducing

ioks i SHIP DECK
the risks involved for OTHERS SHIP HOLD

18% > 1%

the operators at the
guay side. The risks
involved in working ROADWAY

13%
within the Maersk

group (and the

hibping industry in WORKSHOP
SIPPINg - Industry 8% BULK FACILITY QUAY
general) is also 1% STOREO/ROOM 41%
considered a Figure 1. Accident Chart

problem statement, seen from a managerial perspective. Shipping operations are error prone and

management strives to accommodatesafe working environment for all its employees.

Continuoudearning

CKSNBE A& ftAGGES RAIAGATIGAR2Y 2F LKeaAoOrt FaasSda
operational data generation from dap-day activities iscarce This causes a fdamental issue with driving
improvements from lessons learned, as there in most cases are no clear visibility of which pitfalls are causing

' 3ABSY GSNX¥YAYIl f Qa.Edapld? coaldlbeariange redSchith, 2Udycrayie@Rle times

or increagd safety. Hence it is difficult to draw bgstactice outcomes that can be implemented globally

I ONRP&&Z | & GKSNB aAYLX e R2Say @rhdeadoksDigitization fofSphysidallj dzA NJ
assets will not automatically resolve these constta however it will enable both ML and APMT to make
informed decisiormaking on how to improve, and thereby drive a bpsictice standardization globally

across terminals.
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Operator Variance

In continuation of above mentioned enablement of continuous Ieeng, another factor that would be
eliminated with the introduction of a fully automated robotic driven terminal is the inconsistencies and
variances that exist between different operators. Whether being; QC operator, Truck operator or Reach
stacker operatr (Alexandru Duca, 2018). Currently there are high variances between each operator and as
not much data is being generated it is difficult for management to identify, where and when additional

training is required.

Container unload scheduling
Quay cranegQC)perform the udoad activities of containers from vessels, where after the QC places the

container on a shutd carrier At the current state of operation, there is an allocated scheduling team who
manually schedules the order in which the containenes laeingunloaced in. However, trained this specific
team of schedulers are, it is a complex and difficult tasklefine the most efficient ulad pattern for a
vessel containing more than e.g. 18.000 containers. This meanathia ioperations surroundg udoad
procedures personnel are not always enabling the operation to follow the critical path for efficiency. This
thesis will only cover the problem statements that relatesidoadof containers, meaning the import cycle

of the shipping cycle. Howey; it has to be noted by the reader that the resolution to thdoadschedlling,

will root to a properload of containers at the export side of the shipping cycle. To elaborate on this; If
container (a) and container (b) is being loaded on a vessekfmrefrom Hong Kong. Container (a) is being
exported to Felixstowe, whereas container (b) is exported to Aarhus, then it is equally important in export
scenarios that container (a) is being-lmaded on top of container (b), instead of container (b) imgéoaded

on top of (A). This ensures the least containesceeduling/reordering during the vessels voyage. In the

given example Felixstowe is the first terminal, subsequently followed by Aarhus.

Quay crane and truck alignment
When the QC unload a caiber on a truck it is difficult to achieve alignment between the QC an8liutle

Carrier This causes ardict impact on the efficiency diie QG and how many containers the terminal is able
toprocess® CdzNII KSNIX¥ 2 NBEZ (KSNS edtddSsishiythe@ligrien &f thel@r2agd$rnycls y Q I
conemenare operating on the ground under the @@d containewhich is causing a large risk with regards

to safety.

Container Yard optimization

Similar to the waste related toontainer unload schedulirigere are considerable amounts of waste related
to the procedures that happens after a container have been unloaded from the QC. In most instances, the

container is being unloaded directly to an intermo@at NNk kiR driven tovards the customerstore
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door. But in those instances where there are no scheduled pick up on the day of arrival, the container will be
placed in a container yard until the customer have scheduled to pick it up. This means that the container will
be placed in the container ayd based on the amounts ofast Free Daydhe customer has
requested/purchased. Last free days indicates how many days the customer may wait to pick a container,
without being charged additional demurrage fees. Hence there is a big variance in the ashdags a given
container is placed in yards. The variance of free days causes considerable coordination activities of the
container placements in the container yards. Again, this can be considered as a problem due to the man
made decision making that must done to identify the most logical and efficient order to place the
containers in. This means that the current state of container yard operations there is a lot of forth and back
movement of each container, because containers are not placed in the effasent order when they first

arrive at the container yard.

Based on the abovsevenproblem statements we have now understood the primary issues that exists in
APMTand ML, we consider these to be blockers for APMT and ML preventing them from reagi@ragional
excellence. Our research throughout this thesidl be targeted towards identifying possibilities and
ultimately formulate a solution that would mitigate the current risks and issues at hand. With inspiration
from two courses taken through thiaster of Science program; Robot Armada and Internet of Things we
decided that we would aspire to muck architecturakolution combining robotics with 10T enabled digitized
physical hardware Creating a shipping infrastructure in accordance to the thirave of ITdriven

competitiveness.

This leads us to the overarching research question that we aim to answer throughout this thesis, related to

APMT and ML:

How can AP Moller Terminals and Maersk Line derive value from software robotics and a digitized

terminal infrastructurein AarhusHav?

In order for us to adequately answer above research question we intend to structure the thesis in the
following manner First,we will thoroughly describe the theories that we will use to answer the research
guestion n the theoretical framework section. Note that we have selectively used concepts from each of the
theories that we have found fit for this thesis, meaning that some frameworks may appear limited in nature
¢ this is doneto ensure réevance for the analys&ndfor the reader.Secondwe will describe and present

the overall solution that we are proposing. The highel solution will be presented prior to the analysis, as
we trust that it is vital for the reader to understand the solution that we base asirtess-and technical
analysis uponThird,we will analyze the solution first from a business point of view outlining the business

case and understanding the cost / benefit from the solution. The business section will be finalized with a
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understand the proposed solution in a holistic manner. The business analysis will be followed by a technical
analysis, herein we will apply the theories from the ¢élwmain as well as theories advised by Kim Normann.
The MUST method will be used as a tool to identify and assure that business requirements are understood
according to the actual requiremesitdriving participatory desigihe EPCglobal framework will bgphed

to get a thorough understanding of the architectural builgliblocks of an 10T solution. Additionally, we will
take an indepth look at the robotic software components that will work as an integral part with the loT
components.The Holistic Model ibeing applied to understand the content providers and the components
that drives benefits of the loT/Robotic Software solutibmthe fourth section of this paper we will discuss

the findings that we have obtained through our analysidntinuation ofthe discussionThefifth section

of this paper will reflect upon the learnings that we have achieved, our learnings will be baselined against
the learning objectives of the Robotics and IoT course taken through this course. Furthermore, we strive to
reflect upon the overall learnings that we have achieved by being enrolled to this pro§retinand final,

we will conclude upon the findings of this thesis.
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Theoretical Framework
As previously mentioned the framework throughout this thesis is split odifferent focus areas. The first

section will cover the business benefits driven by software robotics and IOT capabilities. Whereas the second
LI NI 2F GKS LI LISNDRa Fylrfteara gAfft dzyO20SNJ 6KS GSO

the solution.

Business Case
We have decided to use a Business case because the business case brings together the benefits,

disadvantages, costs, and risks of the current situation and future vision so that executive management can
decide if the project shoulgroceed When we will be doing the Business case in our analysis we will assess
following aspects of the projechusiness problem, opportunitieBenefits, risks, cost including investment
appraisaltechnical solutions, timescale aidpact on operatioa to deliver the project outcome&ssessing

these sevemspects of the project will teach us about the current issues and the benefits of the future vision.

Thesevenabove mentioned aspects are in below table depicted and described, to clarify foratierrehat

our focus will be at each of these stages in the business case analysis.

Finance

The first section is thEinance sectionin which we will do our Financial appraisal and sensitivity ana

of the project.

Financial TheFinancial ppraisalare used to identify the financial implications of the proje
Appraisal allowingAPMT and MLko compare costs with forecasted benefits of the project,
ensure that the project is affordable, ensure that we get value for moneylasity

to predict the casfiow.

Sensitivity The sensitivity analysis done in ordeto look how much the project can change

Analysis and still materialize on the investment

Project Definition

Next section in the business case in Br@ject Definition The Project Definitiors the largest part of the
business case and is for the stakeholders, sponsors and project team. When done correctly this §

shoubl answer most of the why, what afew questions about the project.
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Background

information

This part will not be covetkin the business case, even though it is part of the
framework, as this is already covered this in; introduction and problem stateme

section.

Business Objectivg

Next we will describe théBusiness Objectivéor the project to explaitwhy are we
doing tis project. To describe the business objective, we need to answer:
1 What isour goal?

1 How will the project support the business strategy?

Benefits and

The third area in this section is thenefits and limitationswhere we will describe

Limitations the financial and no#inancial benefits of the project and how it will benefit the
organizationsin thisarea,we also talk about the limitations of the project and th
limitations of the benefits.

Option Next up is theDption Identification and SelectionThis area is ttdentify the

Identification and

Selection

potential solutions to the problem and describe thensinfficientdetail for the
reader to understand.

For instance, if the business case and proposed solution makes use of techno
make sure o explain how the technology is used and defthe terms used in a
glossarySince most problems have multiple solutions an option appraisal is of

needed. This will explore the potential solutions and recommend the best optic

Scope, Impact,
and

Interdependencies

After looking at the different options we withok at;Scope, Impact, and
Interdependencies We use the Scope, Impact and Interdependencietestribes
the work needed to deliver the business objective and identifies those busines
functions affected by the projecMoreover, the scope, impact, and
AYGSNRSLISYRSYOASa aSOGA2y akKzdzZ R &f
describes what is included and what is excluded plus the key imerdtencies
with other projectslt is important br the business case to consider the failure o
other interrelated projects and show how such dependencies make impact

benefits.

Outline Plan

Outline Planis the next area we will look at and it is about summarizing all the
main activities of the projedn regard to the timeline of the project. The questior|
we are trying to answer in this area is:
1 What is required?
1 How is it done?

1  Whenwill things happen?
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Market The market assessment should show a complete understanding of the market
Assessment in which your business operataa/e will assess the markby doing 8PESTL&
political,economical sociological, technological, legal, and environmegtal

analysis.

Risk Assessment | The risk assessment summarizes the significant risks and opportunities and h
they are managed. The risks included should cover those that castlfeom you
LINE 2SO0 2NJ GKS 2NBIFYATFGA2y Q& | 0Af A
This section answers the following questions:

1 What risks are involved?

1 What are the consequences of a risk happening?

1 What opportunities may emerge?

Project Approach | The project apprach section desdses which approach we will take to deliver the

project, both in terms of the 10T components and the Robotic Software.

Table 2.Business Case Framework

Cost Benefit Analysis
To summarize on the Business Case tanshow a clear picture dhe value of doing this pject we have

chosen to do Cost/Benefit analysis. The dostiefit will show the costs anbenefits that we uncovered
during the analysis and writing of the business case. The cost/benefit analysis is a strong tool that gives a

clear illustration on when the organizations may expect a return of their investment.

Business Model Canvas
For many years, most firms were focused iadustry (Porter 1980) and resources (Barney et al. 2001,

Wernerfelt 1984) Business model Canvas has niaken over as a replacement of the traditional unit of
analysis due the change in business environment. Back in 1998 Sampler cabedalternativeto the
traditional value chain. The increased competitive environment driven by dramatic technologiget$s, a

series of new types of businesses. Even today the busines&ioasdn the market is largely influencéy
0§SOKy2t23A0If RS@OSt2LIYSYyids aSNBAOS 2NASYydl A2y |y
blurs the lines between individlianterprises. This calls for analytic models that are holistic and can
comprehend various aspects of the business. The analytical model should be able to entail competitiveness
of a firm by offering a logistical and consistent approach to the design eedt@n of the business. This
leadto the first Business Model Canvas to be developed. Its popularity quickly grew with the emergence of
electronic commerce and the dot.com phase. This increase in popularitgecarplained by shortcomings

in existing fameworks and theories to address all aspects of the novel possibilities defying conventional ways

of doing business (Chesbrough and Rosenbloom 2002).
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However,the business model was new in the market, the umal@ng theories were not newAspects
defining the business model couldlready be found in Drucker (1954nd in concepts of strategic

management (see e.g. Hedman and Kalling 2003, Morris et al. 2005).

No matter the business, its activities can be broken down into its core elements whichvale
propositior(product), Infrastructure managemenCustomersand Financial aspectsThis means that all
businesss have anunderlyingbusiness model even if it is not explicitly presented. Even though the term
G.dzarySaa az2RSt¢ Aa adhpiadiee, tize Sr&missigliakomingh déliitrS(Maidd K |
et al. 2005).0ne of the most cited definitions of the term can be found in Timmers (1998). He defines a
0dzaAySaa Y2RSt la aby | NOKAGSOUGdzZNE 2 Wthisakchtecuid? R dzO i

the main questions you want to answer in your business model are:

What is our business? Who is the customer? What is value to the customer? What will our business be? (E.

Bucherer, D. Uckelmann)

The answers to these geBons are anch@d within different parts of the business ndel canvas as

illustrated below, each point will be seen in light of the proposed solution for APMT and ML.

Infrastructure management Produci Customer interface
. - Customer
Key activities . .
N relationship
Strategic Value Customer
partmers | ——————— proposition —— | segments
Key resources Channels
Cost Revenue

Financial aspects

Figure 2 Business Canvas Model Framewpfkore Elements
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Holistic Model of Internet of Things
The Holistic Model is a framework that was presented durirtgrihet of Things course. In the original

framework, the model also accounts for public instituti@msl private people however this have been ruled

out for this thesis, due to lack of relevance. The Holistic Model is used to illustrdteepict how an

organizatiormay function as content providerBased on thesage and content provided, layganizations,

data is being generated. Thiatd is in turn used to enable Tocomponents of the given business setting or

procedure that has been Toenabled.

Financial and non-financial

Companies

Dibject and location data

| Company athics ]

|

Public Institutions

Public services
& olferings

People
Social Platforms

Buying behavior

incantives lor information sharing

T,

Figure 3.Holistic Model Framework
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The Holistic Model divide the Tocapability into five foundational traits for value generation and benefits.

Each part of the proposed solution will be segrieehand evaluated in terms of Totrait and the benefits

that it is being derived from the same.
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EPCglobal Future Architecture Model
The EPCglobal Future Architecture Model afaspresented and studied during the 10T course. EPCglobal is

a global association that is leading in development of industry standardgendthrough norms and
A0FyYRIENRAT FGAZ2Y 2F 9t SOGNRYAO t NERdzOG / 2RS& 69t/ 0
in turn should be used as a global specification, to drive international standards. To elaborate; this means
that EPCglobastrives to establish unique identifying schemas that can be used across industries, the

standardized and global aspec
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considered as the most promising and comprehensive architecture in the field of IoT (Uckelmann, 2011). The
framework depicted aboveriginallyfollow eight key buildig blocks considered as extensions to the EPCs.
However, we have had to exclude two out of the eight extensions, due to lack of relevance. The two excluded
extensions areExtended; federated discovery servicaadinterface to federated billing servicddote that

in thisthesiswe will primarily focus on thextensionsHoweverwe havebeen able toevidently proof that

the EPC ian integral part of the solution proposédee appendix; 6 1ISO Container IDYhesix included

points are as follows€EExtenad static data support, Integration of dynamic data, Support forifodevices,
Integration of an actuator interface, optionaitegration of software agentand data synéronization for

offline support.

MUST Method, Participatory Design
The MUSTramework was developed by the Danish researchers; Jesper Simonsen, Finn Kensing and Keld

Badker. The MUST method was developed as their research had identified that most organization did not
effectively use the software installed in their organizations. This imaa lot of cases since the business
requirements were not adequately understood by the IT teams developing the software, meaning what was

delivered in terms of software did not align with the

expectation set by the business in first place. Hence,

MUST method has been formed, it has been develog Design

through working closely with real life projects. The methc

is coherent in the sense that it deals with all activitit

within the application area: Analysis of needs at Contractual
I . - . bid and
possibilities, establishing the visiofor change, project RHET
management and planning for technical and organizatiol
implementation (Simonsen, Kensing and Bgdker, 19¢ /\
One may assume a model dating over 20 years back we : Deliv. of generic
Delivery systems/Develop.
be outdated and hence question the value derived fro management of org. specific
systems

applying the sme. However, one would be surprised t
see the amount of misalignment there still exist betwee

IT developments and business requirement (Please n

o _ _ Implementation
this is a personal assumption, based on the experience and use

working with several development projects withitL and
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APMT domain). The overarching process of the MUST met Figure 5MUST Method

is depicted above, in this thesis we are proposing a desig

solution, therefore we could not justify including thi

contractual bid and selectiostage of the process model. This

limitation is driven by the fact that we did not have any data support the stage, as we have not proposed the
az2fdziazy (G2 a[ FYyR !'!ta¢ YFIylF3aSySyd IyR KSyOS KI @S
is an inevitable stage that must be followed in al#dfa setting. Our application of the model will focus on
ensuring alignment between IT and business requirements, through participatory design. The Method
presents six principles that offers a set of techniques and ways of representing current workend t
envisioned computer based systemsdh principle is considered indispensable and they are as following;

(1) participation, (2) close links to project management, (3) design as a communication process, (4) combining
ethnography and intervention, (5) @evelopment of IT, work organization, and users' qualificataomy6)
sustainability Each of these six principles will analyzed throughout the analytical section of this thesis. And
the analysis will assume that we have been conducting, driving andagpéwvg the design based on the
interviews, observations and research that we have conducted in the organization. Ultimately assuring that

the proposed solution is based on a participatory design.

We have now understood the theoretical framework whichthedoundation for the further analysis, in the

following section we will present the solution and hereafter we will initiate our analysis.
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The solution

To establista thorough understanding of what the proposed solution entitles, we will in this seotitline

the solution in a highevel process framework. Each of the building blocks will be analyzed at a more granular
level in the last section of the technical analysis. The-lagel process framework is illustrated as below, to
ease the interpretabn of the process we hawassigned a numbedo each of the steps. Each of the steps will
briefly be described throughout this section of the paper. As mentioned during the introduction, the
proposed solution will only cater for the import part of the ghiipg cycle. More specificalfyom the pre-

berth event 2 hours prior to the vessel is berthingntil the containethasbeen unloaded and placed in the

container yard for storage and demurrage.

=28 'Ilﬂlﬂ!

Pre-Berth (2 hours from docking)

[1]
[4] Berth {Docking Complete)

T * Send crane location to Shuttle Carrier —
Offload container -—
E Await Start call from Truck
—— Load container on Truck
T - [6]
o)
]
r— Drive to Location +————— —— Read GCS5/GSISData  [7]
—* Location Reached ‘— Estimate Shuttle Carrier allocation  [3] Drive to Quay Crane +——————————
—* Await Shuttle carrier |:' Await Berth Call |: Reached location
[71 [ Offload Truck . E— ——_—* Read 5ensor Data [5] — Drive to Yard Location
L Drive to waiting location L —— Calculate offloading route Location Reached
Drive to waiting location
i
1 "
———
o0

Figure 6.HighLevel process design

[1] Preberth trigger

The startingand entry pointfoiil KS a2 Fa ¢ NBEQ&a Ay dSNI Ol Angaifly tv@howssk Sy |
away fromdocking. A legacy system in the ML application landscape cafRatleriets KontainérEvent
Manager (RKEM), has arlnilt event that is currently being triggered twmurs prior to a vessel is reaching

iKS R201® wY9a A& | YFAYTNIYS | LILIX A Grdioleddytycle. AR A &
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the event will be triggered it will be transmitted to the software robot component, which is depicted in the
middle of the process modellhe robotic component will acknowledge that tleeent trigger has been

received.

[2] Preberth trigger received data enrichment

Once the RKEM event has been received and the robotic component have ackyedavtbd received inpgu

The robotic software willnake two data enrichment calls to two different ML legacy applications. First call
that is being made is to the Global Schedule Information System (GSIS). Based on the event trigger received
from RKEM, GSIS will identify whggecific vessel voyadke trigger belonged to. The second call is made

to the Global Customer Service Syst€aCES). Based on the GSIS datheo§pecific vessel voyage, GCSS

will enrich the software robot with shipment booking data that are part of specific vessel voyage. Based

on this the robotics software understand which Vessel that is incoming and which bo(dinbsontainers)

that are part of the specific vessel.

[3] Estimate shuttle carrier allocation

Based on GSIS (Vessel voyage) and (B688ng and containers part of the vessel voyage) data the software
robot is enabled to estimate the number of containers that is to be unloaded at the given terminal (in this
setting AarhusHavr). Once the estimation has been completed, the robotic safevwill assign shuttle
carriers for unload activitie§ his will ensure a plan where in there are sufficient Shuttle Carriers assigned to
a specific QC, which in turn guarantees the least stantime for the QCs (as it will constantly have a shuttle
carier to load a container on top ofRlease note that the allocation estimation is done ahead of the vessel
reaches the dock is done proactively to ensure the most efficient schedule and allocation plan for the

shuttle carriers.

[4] Berth¢ Docking coplete

Onrce the vessel has berthed and the docking has completed a secondary RKEN eeémitransmitted to
the robotic software this event will indicate that the docking has been complefBuk robotic software will
acknowledge that the everhas bea received and will initiate the unload procedureoftware Rbot

calculate unloading route and sent route to Quay Crane.

[5] Read sensor dataestimateunload route

Once the vessdiasberthed at thedockthe automated QCsan start estimating the unéal route for the
containers placed on the given vessel. The unload estimation is based on container placed on the vessel and
it will calculate the most efficient unload patterim our preliminary research, we assessed the possibilities

of connecting the @s and containers through NFC, however the technology is insufficient and would not
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enable us in achieve what we are aiming at. Hence, the connection between the QC and the container will
be through a GPS signal, which is currently already installed @age part of the container fleét

Once the estimation has been completed the robotic software will communicate to the automated shuttle
carriers the unload patterand timestamp for expected unload from QC to the given shuttle carrier. Based
on the unloadroute/pattern, QC location and timestamp the shuttle carrier have the needed information to

align themselves correctly and timely.

[6] Container unloaded, shuttle carrier drive to container yard
At this stage in the process the container has been unldaatethe automated shuttle carrier. In the data

enrichment call made in point [2] of the process the booking details was being fetched from GCSS. As part of
the payoad of data received from GCSS (booking details), the central software robotic comporent ha
understaod the amount of last free dayBased on the amount of last free days the shuttle carrier can take
an informed decision on which section of the container yard to place the container in. One of the problem
statements identified was that there & lot of manual coordinatiomnd relocation of ontainers in the
container yard. This isecause the manual operator is taken uninformed decision on where to place the
container. Causing a lot of coordination and movement of the same container forthead b the proposed
solution, the shuttle carriers will doasis othe last free day have a clear identification of when the customer
expectsto pick up the container and hence the shuttle carrier will be placing the container in clear divided
sections lased on last free day and expected pick up déle.propose to divide the container yard into eight
sections, one section for each wedly and one section for lorganding container (more than seven days).
The automated shuttle carrier will drive to theentified secton to have the container unloaded layReach
Stacker Once the container has been unloaded the automated shuttle carrier will drive to waiting position

at the QC side to await the next container load.

[7] Reach Stack&rane pick up contaér from shuttle carrier

Once the automated shuttle carrier has identified and driven to the right section of the containerTyead.
GPS technology that are installed in containers will be used for alignment between the automated shuttle
carriers and autorated gantry cranes. The last free day data is being transmitted from the central robotic
component to thereach stackems well, enabling them ahead of rdahe to schedule which location the
container will be placed in. Theeach Stackessill be enabledo take informed decision based on the last

free day dataas to which section and statike container should be placed upon. Once Reach Stacker

! Currently GPS and Sensor data is only install®egfe Containers, however there is currently a project named: Dry
Container Management (DCM), this project has set out to GPS and sensor data enable all dry containers as well. Hence
this thesis builds upon the assumption that all containers have already lodeanabled.
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crane has stacked the container, the Reach Stackal drive to the waiting position awaiting the next

container receival from the automated shuttle carriers.

The proposed solution above is a mixture between a centralized software robotic component and physical
digitized assets industry robots. The software robot component acts as a centralized middleages, |
conducting the transmission of information and data to each of the physical assets / rébatsermore, it

has to be mentioned that the solution will touch upon both APMT and ML domains. ML domain for data
enrichment and APMT for operational termainprocedures.The solution will be validated against the
identified problem statementsfter the analytical section has been conducted. This will help the reader in

identifying which tangible issues that halieen facilitated and spanned across basedlgolution.

Analysis

Business case

Financical appracial
In AahusHavnthere are currenthyeight Quay Cranes installed at the harborunloadthe containersrom

the vesselsEach crane can at current state on averag®ad35 containers per hour.d€h year more than

600.000 containers are beinmloaded by AarhuglavrQ a . (AarliusHavn 2018)

From these numbers, we castimatethat in order to move 600.000 containers pgear if all eighjuay

cranes are manned each day all year, they must bieelgtmoving containers approx. 6 hours per day.
The calculation is as follows:

600.000 / 35 cotainers per hour = 17.143 Hours
17.143 hours / éhour active wok time per day = 2.857 workdays
2.857 worldays / 8 quay cranes = 357 days

Having understod andshowed that each of the eigl@Csare active each day we can estimate how much it

costs to operate the cranes.uie assume that each crane need tiwours per day to align the crane with the

ship, conduct maintenance, crane operator crawling up and dowrctane and lunch breakBased on this

we can calculate the operating cost of each crane to be 12 Months * (Salary of crane operator + maintenance
cost).

l'3a GKS 2LISNIG2ND&a alfFNE A& O2YLI ye aSyalkimodEsS RI G

and the maintenance cost per month is 3.000 DKK. That gives us a total operating cost per month of 38.000
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DKK per crane, which in total is 38.000 DKK * 8 quay craB@4.600 DKK Total Operating cost for Quay

cranesper month.

Next, we need to lok at the current state for the shuttle carriers. The shuttle carriers drive with a speed of
15km/h and we have estimated that the average driving distance from crane to container yard is 500 meters.
Furthermore, as each quay crane aarloada containerm approxtwo minutesthen we estimate that each

truckis holding still for threamin when being loaded anaghloadsd.

If a Shuttle Carrier drivés00 meters with a speed of 15km/h

The mathematical equation is as follows;

60 minutes / 15 km = 4 minutes pkm which mans that 500 meters takes 2 minutes.

This means that each shuttle carrier use 10 minutes to have a container loaded, drive to container yard, get
unloaded and drive back to the crane. As the quay crarleads a container every twminutes that means

that it will take fiveshuttle carriers to keep a constant unloading flow and thereby having a 100% utilization
of the quay craneNow we know that each of the eight Quay Cranes needfingtle Carriedriverssixhours

a day, this means that AausHavnrequire40 Shuttle Carriedrivers per day. ke with the Q@perators we

also assume thahe truck drivers use the last twmours of their workday on lunch, maintenance, Diesel and
going to and from the shuttle carrier. The last number we needis the salary of the truck drivers and here

we assume that they earn 30.000 DKK per month. With these numbers, we can now estimate the total
monthly cost of truck drivers is 40 truck drivers * 30.000 DKIK260.000 DKK Total Operation Cost for

Shuttle Carriers per month

Lastly, we need to look at the current run costs of the reach stacker cranes. The Reach Stackers can drive at
25km/h and for these cranes we assumae average driving distancdé 800 meters and approximately three
minutes tounloada shuttle carrier and twominutesto place the container at the desiddocation. It takes

the Reach Stacké; 72 minutes to drive 300 meters, which means it takes 6,44 minutes fdk¢heh Stacker

to go to the desired location, unload the Shuttle Carriegcpl the container and drive back to waiting
position. This information té&d us that there is a need for four Reach Stackersmload avesseln order to

keep a constant unload flow and there is eightiay Cranes so that gives us a total ofR¥ach Stder

Drivers. We make the same assumption with Gantry Cranastiaghe other hardware, that twdours per

day are going to be spend on other activities then actively driving and placing containers. We also assume
that that the Gantry Crane drivers haveronthly salary on 32.000 DKK. We can now calculate the total
monthy cost. 32 Gantry Crane Drivers * 32.000 DKK per moiii924.000 DKK Total Operation Cost for
Gantry Cranes per Month
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The current run costs per month for Quay Cranes, Shuttle CarrierGanttly Cranes are:
Quay Crane: 304.000 DKK

Shuttle Carriers: 1.200.000 DKK

Gantry Cranes: 1.024.000 DKK

Total Monthly Cost2.528.000 DKK

Total Yearly Cost30.336.000 DKK

Next, we will estimate the build and run costs for our initiative. To estimateptiee of automating the
AarhusHavnterminal we araelyingon the estimates made by the Director of Long Beach Port in Los Angeles,
Gene Seroka. Long Beach Port are currently undergoing automation of their terminal activities and thereby
have great insighinto the cost of automating a terminal. Seroka estimates that an automation of terminal
cost approximately 2.000.000 USD per afipdlow, 2018) TheMaersk Terminal area in Aarhitavnis
approximately 50 acres which means that automation would cosiiraid00.000.000 USD.

The huild cost of automating Aarhusiavnis: 630.000.000 DKK

Looking athis huge build cost it is important to keep in mind that this is the build cost for the first automated
terminal, if and when Maersk choose to scale this to otieeminals the build cost per acre will be greatly
reduced as all the IT infrastructure and licensing does not have to-perohased for other terminals. In the
new terminals, only the hardware will have to be purchased and installed to witiiksame ITsetup as in

AarhusHavn

The run cost is estimated to be reduced by 85% when having implemented the fully automated teThina

is based on estimated cost savings from the Port Los Angeles project (Dillow, 2018).
Total Yearly Run Cos4.550.400 DKK

Taal Yearly Run Cost saving25.785.600 DKK

Furthermore, the automated terminal is estimated to be able to increase productivity by 30% and as Aarhus
terminal is currently active 24 hours per day 365 days per year we are assuming that the demand  there t
use the 30% increase of productivity to take in 30% more containers in the terminal and thereby increase the
revenue by 30%The revenue is at current sate on 85.600.000 DKK Per.y@#nich means thathe

automated terminal willgenerateadditional reverue of 25.680.000 DKK
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1.2. Sensitivity analysis
To analyze how sensitive the business is towards changes to the project, we need to look at difference

between current cost and estimated benefits from doing the project as it is that space that indicates th
sensitivity to changes. In our case the business is not very sensitive to changes as the run costs are being
reduced so much that even if the build costs were twice as high the business will still earn money on this
solution sooner or later. So, in thease the question is more about whether they can earn back their money
before the technology gets outdateor used up so they need replacement before they have earned back
their cost. However, the most expensive part is about changing all equipment taefgmvered machinery

and build the entire infrastructure around it so as long as that last is will be relatively cheap to change loT
components and those are just getting cheaper year by Yasiillustrated later) To conclude on this the
business is rovery sensitive towards this project as the final result will give 30% extra revenue and reduce

the run costs by 85%.

1. Project Definition

2.1. Background information
We will not explicitly cover the contextual background information at this stage of tegigdhinstead we

refer to the General Introduction, Company Introduction, Problem Statement and Solution Proposal section
of this paper. Herein the reader will achieve adequate information about the background and context of the

project and the proposed $ation.

2.2. Business Objectives
Communication gaps

Big boxes, big risk

Continuous learning

Container unload scheduling
Quay crane and truck alignment
Container Yard optimization

Eliminate he Human Factor

© N o o > 0w NP

Go Green

For further understanding of the busineskjects we refer to the problem statement section where each of

them are described in detail.

These business objectives feeds into the ovelgitizationstrategy Maersks currently aspiring towards.
The top management is very focused streamlining ad ramping up the effectiveness of operation with
new technologies to keep their market leader position in the shipping industry. This can be seen in recent

statements from Sgren Skou (CEO of Maersk T&L) at Maritime Week 2018 in Singapore.
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Delivering his &ynote address at the Singapore Maritime Week 2@enSkousaidthat A.P. Mollerg

al SNAR1Qa F20dza 2y yS¢ (GSOKy2t23ASa gAft GNI yaTz2Ny
customers and the greater global maritime secteurthermore Skou described the impact of digitization on

GKS O2y il AYySNJI AYRdzZAGNE Odzf G§dzZNB a LIRaAdGA@Se 1S Lk
experience with integrated online booking systems and instant price quoting tools, supply chaistecsy
benefiting from digitized information and simplified documentation flows, as well as new industry standards

for downfalls and neshows reducing costs and delays.

2.3. Benefits and limitations

Benefits Description

Leveraging communication gaps Oursolution gives and integratecbntinuous
information stream to all stakeholders of
operation, thereby eliminating the issue that
terminal ports make the operational stakeholders
reliant on traditional radio and radar
communication between captaingrminal
operators, tugboats and other operational
participants.

Optimizing unloading route A computer can faster and more precise than an
humancan estimatean unloading routeThiswill
reduce the unloading time.

Reducing Risk of Incidents When no humans armvolved in unloading the
vesselghere is no chance of humans getting hurt
in the process.

Enabling container yard optimization Enabling a software robot to read all the sensor
data of containers and read booking data about
what each container contairia seconds will
enable more precise container yard optimization

Improving Crane / Truck Alignment One of the largest waste buckets in terminal
operations is the alignment process between
hardware. However, our solution will greatly
reduce this waste buek as the robots are
livestreaming data to each other through our

software robot hat will coordinate the u#iloading
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Enabling continues learning

Less training of personnel

Eliminating human variance

Go-Green

Reducing Run cost by 85%

Increasing revenue by 30%

Table 3.0rganizational Benefits

of containers with much higher precision than
humans can.

By having everythindigitizedwe will have

detailed operating data for mosaspecs of the
terminal which will enable managers and operatc
to make data driven decision making.

Reducing thewumberof human workers in the
terminal will result in less training of personnel a
the software running the hardware is quickly
trained by writing rules in the code on how to
operate.

Our solution will remove the human variance fror
the crane and shuttle carrier operations as it will
be replaced by robots thatan be programmed to

operate more precise in a consistent manner.

As the proposed solution is changing the setup
from diesel driven hard, to electronic driven
hardware the carbon emission will be reduced.
Furthermore, going green will reduce then costs
of hardware.

As shown in the financial appraisal we will by
changing from human labor to robots save 85%
the running costs.

Like above this is also taken from the financial
appraisal wherave learned that an automated
terminal approx. will generate additional 30%

revenue.
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Only focusing on Import cycles In ourpaper,we have only focused on unloading
the containerdrom Ship to Sha and notloading
the vessels from shore to ship.

Forecasted Costs costs associated to physical quay crane operatic
(people), digitization costs (of terminal hardware
costs associated to software development and
integration to physical assets in ternails. This
have been it difficult to form a granular cest
benefit analysis as our costs are mainly bound
based on assumptions. However, we are achievi
to showcase the method in which we would have
done the actual cosbenefit (if we had the actual
costs) hence we are satisfied with the achieved
result.

No handson experience with terminal operations As both of us are employed in Maersk Line IT we
have had no previous experience with how APM
are operating in their terminals. We have done a
lot of reseach to obtain knowledge about this are
but reading will never be the same as having
concrete experience with daily operations, so ou
knowledge might be limited in specific areas of
operation.

Only focusing on automating 3 kinds of hardware The terminaldave a lot of different machinery;
however, we have only focused on automation tt
minimum required machines to unload a contain
which is Quay Crane, Shuttle Carrier and Reach
Stacker.

Table 4.0rganizational limitations of research

2.4. Option Identiftation and Selection
In this section, we will identify the solutions at handptatline what we are striving to achieve in this paper.

We have identified three approaches to the solution, and they are as folleully; automated which isthe

solution desribed throughout his paper Semiautomated, an alternative solution could be a semi
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automated terminal such as Maasvlakte I, where the cranes are repwigolled by humans from an
operating facility isidethe terminal. This solution does however memove the human variance involved

in aligning Cranes with containers and shuttle carriers. Furthermore, this solution still has a lotI&f teta
sources as the humans are not connected to the internet and their performance is hard to capture compared
to how you would capture performance of a hardwéftware robot. Manual, similar to current ass

solution hence no foundation for selecting a solution that is similar to the processes conducted today.

2.5.Scope, Impact, and Interdependencies
Our curren scopeis only Aarhuglavnas a test terminal for this project, but if the project proves a successful

this project could be scaled out to other terminals as well. Witlarh&s Havn our scope is the QShuttle
Carrier Reach Stackers anaktly a softvare robot to coordinate and enable automation is within our scope
for our aubmation of Aarhugdavnproject. Impactsfrom this project will be a combination of the benefits

and the financial appraisal which is descdtesarlier in the business cade.ourproject, we have two kinds

of interdependencies The first being the interdependencies between business units and the second one
being the interdependenciasith equipment in Aarhublavn The interdependencies between business units
are between; Maerskiie, APMT, Damco and Maersk Container industry. The project has interdependencies
G261 NRa Ylye odaAaAySaa dzyArAdaQ RdzS (2 GKS FI Oildg GKI
used by the software robotinterdependencies within Aarhudavn is between the Quay Crane, Shuttle
Carriers, Reach Stackers, Containgesselsaind the Software Robot. As we are planning to fully automate
the terminal, all the equipment within are depending on each other to be able to communicate together and

to work closely together.

1.6.Outline Plan
The highlevel plan is presented in below diagram. The feedback loop depicts tgeiag iterations that the

software development will follow, this is in accordance with the Scrum Agile methodology (which is covered
in bdow section;Project Approach)The linear timeline, that continues after the loop is covering for the
waterfall based approach, which we intend to deliver the 0T enabled digitized physical asSetsautlined

plan below
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Figure 7 Project Plan, Iterative + Waterfall
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2.7. Market Assessment

For the market assessment, we hasigosen to use PESTtbEanalyze the current market situation for freight

terminals.We use the PESTLE analysis due to its wide span of facttirs market that can affect the

companies operating in that market.

PESTLE L2t A (A

Ot SO2y2YAOlIf>X a20A2f23A01fx GS

Political

Politics play a big role whehcomes to the terminal markesuch as how to
handle flammable cargo and other dangerous cargo. Furthermore, there ar
more and more focus on robotics and how we in the future will handle that
robots might be aking over a lot of human labor, with the risk of leaving
humanswithout jobs (Lanier, 2013).

Another political factor is the many trade agreements that exist between
countries today. One example is EU where we have special taxation rules
the oountries trade with each other. A political risk that may arise is the
protectionist approach that America is currently taking towards their foreigr
trade policies. Thiscoultzf G A Y G St & AYLI OG GKS |
will be shipping from e.g. China to America.

Lastly a political factor such as putting sanctions on countries has a huge i
on the shipping and terminal market as it becomes illegal to trade gooddo 4

from the sanctioned country.

Economical

The globalization of the port industry has also strongly changed the traditio
practices in which the traffic lines and carriers of a coufawpredcertain
ports. The arrival of containers into the globaifiht traffic and the increasing
trade with Asia have broken the traditional concept of scale. So that curren
there is only one acceptable criterion for carriers and shippers, which invol
that their traffics move by routes that offer the best resuih terms of the

global provision of the service and, in particular, in economic terms.

Sociological

1 The sociological aspect in the Terminal industry is currently very
focused around replacing humans with machines. A company like
Maersk that have somstrong values that surround all their business
decision especialljnustthink hard about how it will affect their brand

when replacing humans with machines. Maersk have some core va
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that were written down when Mr. M&inneyMoller, stepped down as
CEOf Maersk, the core values are:
 Constant Care
1 Humbleness
1 Uprightness
1 Our Employees
1 Our Name
Especially the two lastalues are involved in the sociological aspect of chang
people with machines favaerskspecifically but in the industry in general, th
evolution is going towards automation, so if Maersk want to keep their goo
position in the market, they need to keep up with the technological

advancements in the industry.

Technological

In recent years the use of 0T devices have expladadh haveresulted in
rapid evolvements within the loT industry, which in turn has lead to decrea

prices for loT devices as depicted below.

The average cost of loT sensors is falling

2004 average cost: $1.30

(https://www.theatlas.com/charts/BJsmCBAIl

The cheaper priceof 0T devices stechnological factor that greatly affects
our solution as the automation of the terminal relies on many types of loT

Sensors.
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Technological developments have advanced in such a way that the units o
transport are getting larger as ¢y try to respond totie process of

containerizationThis technological progress, with greater capacity and pow
of the ships make more efficient journeys and require, therefore, larger por

developments.

In the maritimesector,we also find a remarkae risk of obsolescence, becaus
of the recurrent necessity of updating the fleet of ships, equipment and
navigation systems and, onshore, machinery and technology for proper lo3
and unloading operations. This necessity is created not only to meet the
environmental and safety requirements, but also to keep some efficiency lg

in order to stay competitive in the marketplace.

Legal Legal factors are in our case closely linked to the polittazabrsmentioned
earlier. Oneadditional legafactor that is worth mentioning is legal factors in

can be different from on¢erminalto another depending on theountry.

Environmental | I general,across industries there is a growing focus on being environment
friendly in how businesis operated. This alsgoes for the Terminal industry.
Maersk Terminal have already made their first environmental sustainable
terminal inNetherlands the Masvalkte Il Terminals runs entirely on green

energy as also mentioned in the Maersk History earlier in this paper.

Table5. PESTLE Framework

Project Risk Assessment
The risk assessment provided in this following section, will only take account of those risks that we have been

FofS (2 ARSYUGATFE LINA2NI (2 GKS LINR2SOUGQ& efrajact 6t A &
development progress, these we have not been able to identify or cover for as we have only been moving in

the pre-planning phase of the project.

Automation of Quay Cranes
Throughout our close work with the ML and APMT automation teams and edlgedead of Automation

Alexandru Duca. It was brought to our attention that there is currently no existing solution for a fully

autonomous QC. However, it is currently possible to remotely control a QC through tsticisy and hence
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we suggested that th operation of these jogticks could be maneuvered through artificial intelligent
software. Alexandru Duca agreed that this was an opportunity, but currently not available in the market.

Hence, we have identified this as a risk (but also a major oppayduni

High costs
There are high costs associated with the proposed solution. Especially the digitization of the physical assets

is a longterm investment and as such there are no guarantees that the fully automated process will achieve
better performance han what is currently achieved in Aaridavn Sqwe would argue that a known risk is
that we are not able to identify or conclude if APMT and ML will be able to materialize and benefit from the

investment.

Conservative industry
Alexandru Duca stated th#tte maritime shipping industry is conservative in nature, this does not mean that

GKS AYyRdZAGNE AGasSt¥ Aa NBtdOidlyd G2 OKFy3aST aLG Y
Moreover, once a project set out to make major changes ® tdrminal and shipping infrastructure the
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to aspire towards a solution that will revolutionize the ways of operating the activities in scope of our

solution.

2.9. Project Approach
Our project of automation the terminals will consist of two suinjects. One being developing the software

NREoOo20G GKIFG IITNB 3JI2Ay3 G2 NBIFR RFEGF FTNRY al SNAE]Qa
robots. The other project isoncerned with installation dhe hardware that needs to go into the cranes and

trucks to make them into hardware robots.

For the Software robot project we would recommend running as an agile project as it allows for continuously
improvement and every two to eight weeltsu deliver a tangible pduct that can be tested and verified by
business usersThe agile framework thadre currently being used in ML is Scrum Agile. This framework was
developed to improve the way software projects is being done as you can easily adjust code and write
incremental improvements along the way and that will result in software with a highelitgudhan the
original software you planned to create. We would of course like to utilize the Scrum Agile framework to

unlock some of these benefits and end up with the best software product as possible.

The Hardware Robot project we will approach diffahgms there is aast amountof manual installation of
sensors, drivers and other |oT devices that will become too costly if you run that as an iterative process where

you can add improvements along the way that might result in that you need to but nesoseor other
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hardware. The hardware robot project will benefit more from a Waterfall project approach as we see it as all
needs to be mapped on how the different sensors will talk together and what hardware is necessary and
then they will all be implemetrd at the same stage of the project. This will save this project a lot of money
FYR aAYLX ATe (KS LINRPOS&a a &2dz R2y Qi KI @S (2 02y
all the interdependencies between the different hardware. After hgvimplemented the hardware robots

in the terminal it could make sense take an agile project approach to improvinghioésrat a later state in

time.
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Cost Benefit Analysis

After having done the business case for this project wherein we have analyziatktheial costs and benefits

for the project, we can now give a good overview of economic justification of automating the Aarhus

terminal. The overview we will give by doing a cost / benefit analysis. As you can see below we are doing the

cost / Benefitim a tabular format for the first 10 years of the projects lifetime.

Year Cost

1 -4.550.400 DKK

N

-4.550.400 DKK
-4.550.400 DKK
-4.550.400 DKK
-4.550.400 DKK
-4.550.400 DKK
7 -4.550.400 DKK
-4.550.400 DKK
-4.550.400 DKK

-630.000.000 DKK

Benefit

51.465.600 DKK

51.465.600 DKK
51.465.600 DKK
51.465.600 DKK
51.465.600 DKK
51.465.600 DKK
51.465.600 DKK
51.465.600 DKK
51.465.600 DKK

Net Benefit Description

-630.000.000 DKk Cost = Total Build cost of project

46.915.200 DKK  25.785.600 DKK (YearlyrROost Savings) +
25.680.000 DKK (Additional yearly revenu
= Total Benefit

46.915.200 DKK

46.915.200 DKK

46.915.200 DKK

46.915.200 DKK

46.915.200 DKK

46.915.200 DKK

46.915.200 DKK

46.915.200 DKK

10
able 6.Cost Benefit Table

-4.550.400 DKK 51.465.600 DKK 46.915.2® DKK

—

Next, we will give a visual representation of when the benefits will be greater than the costs of thet.projec
We are doing that by adding twoolumns to the table above and add the accumulated cost and the

accumulated knefits. The &ble can be found in appendix 1

Accumulated Cost / Accumulated Benefit

1.000.000.000

800.000.000

600.000.000

400.000.000

200.000.000
0

._._._.—g—o—o-—‘—o—'—O—'—“—’”Av-—O

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

=@==AcC Cost Acc Benefits

Figure 8.Cost Benefit Cutover
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As shown inFigure 8the project will have paid itself off and start earning money after 13,5 years. As
mentioned earlier in the business case the build costs of implementing this pmojether terminas would
be less tharfor the first terminal, which means that if they start to roll this project out in other terminals the

overall project of automating terminals will payoff faster than the 13,5 years for Aarhus Terminal alone.

Business Model Canvas
In the following, we will base our analysis the framework by Osterwalder and Pigneur (2009), which is

NEFSNNBER (G2 Fta GKS daodzaiySaa Y2RSt Olygdraéod ¢KS |
it has also been referenced by a numbepablications (e.g., Chesbrough 2009).

The business modeldmeworkincludes four main perspectives of the business gipdamely theproduct,

the customer Interface, financials and the infrastructure managemnmiérgse four perspectives are a way to

split the Business Model Canvas into simple sections that are tightly linked togdthecomponents are

not standalone but mutually influence each other
Product:

In our BusinesModel,the main value we offer the business with our product is:
uBoost produdtity with 3096

w 5SONBI &S NHzy Ozail oe& vyp:

wAutomated and Simple unloading

uSafe Unloading

oEnvironment Friendly Terminal

w /2yaArAAG8SYyd 2LI8NIGAZY

This value is largely generated by having roltioés are consistent and efficient in operation and also by t
continuously stream of data from all the 10T devices in the terminal. Providing the right information has a
huge impact as it lets management know what the waste buckets are, as Alexandru Duca said in our interview
G¢KS o0AITSal ol a2P9Q0OdOYBa &Kl GKFJRoK2R o0AT FEt G
KIS Fyeé REFEGF 2y AdGZ RdzS G2 GKS FFOd GKFG 1 NBS
hardware robots will at all time send accurate information about the operations faifietie are any waste
buckets involved in their operation is will be transparent for management to see as the data is captured in

the system.

Customer Interface
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Our Customer Interface should be very automated and professional, our solution when acts/ateding

24 hours per day and therefore we need to eliminate as many manual processes as possible sntlarbur
product/service Our customers interactions with our product should happen through a digital interface that
allows them to interact with it o their time and gives them the opportunity to monitor the service we
provide in terms of our product. Furthermore, we offer interfaces for both mobile and pc devices to give the

easiest customer Interface as possible.
Financial Aspect:

The finance part obur Business model is partly to increase the productivity of the terminal operation and
thereby gaining additional revenue and partly by reducing the Run costs of the operations. We also make a

pay-per-use system that allows us to charge other vendorg thant to use outoT enabled infrastructure
Infrastructure Management:

The last section is thinfrastructure Managemenand here we show what our main activities are and
who/what is helping us to do those activities. Amount our many activities the &kyitaes is to automate

the operations, reducing the incidents happening in the Aarhus Terminal, Managing the containers and
monitor the operations to generate reports for management to do dérisendecision making and to make

sure all equipment is opating as it should. The partners and resources that will help us execute on this is
software partners, service providers and also all the hardware and loT devices will enable us to do our key

activities.
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Key Partners: .

sServer Partners
[Microsoft Azure)
sService Providers
#[ata sourcing Partners

Key Activities: "

+Automating the
Terminal

#Reducing Incidents in the
Terminals

sContainer Management
#[Monitoring

Key Resources: E
#Fleat

#Juay Cranes

sShuttle Carriers

#Reach Stackers

#|oT Infrastructure

#[Data Lake

sSoftware Developers

Cost Structure:

*Reduced 5taff Expenses

s Better Hardware Utilization

sSoftware Licensing
*Beduced Maintenance

&

Value Proposition: &

#Boost productivity

with 30%*

* Decrease run cost by B5%
sAutomated and Simple
unloading

#5afe Unloading
*Environment Friendby
Terminal

* Consistent operation

Customer
Relationship:

“

#5elf- [ Automated- Service

Channels:

#|nternet (ML.com)
*Mobile

*Fysically at Aarfhius havn

Customer
Segments:

#Aarhus Terminal
*Mhaersk Terminals
#ther Terminals
*#Shipping companies
wanting to unload in
Aarhius havn

Revenue Streams:

=

*Reduced Expenses (As every DEK saved is DEK

earned)

*Payment for better tracking of Container
* Pay-Per-Use for other Shipging companies to use this

terminal*

Figure 9.Business Canvas of Propose

Solution
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Tednical Analysis

The MUST Method
As mentionedhroughout the theoretical framework, we will assess four out of the original five stages of the

a!{¢ YSGK2R® W/ 2y {NIF Ol dzexcludéddur to lagk Bfriférriatiod and feBwirRe K| a
to what it is we strive to achieve at this point in 8nWe will emphasize the first step of design and focus on

the alignment between ML and APMTs requirements this is done through the appliance of the six key
principles of the method as well as assessing each of the five activities that constitutesabesigiing to
Simonsen, Kensing and BgdKEne activities that constitutes the design process will first be outlined, as to

set a foundational outset for the further analysis of the participatory desldne. academic paper consider

Two teams; the technicakam as IT Professionals (Developers, Architects and Analysts) and the Steering
Committee (Management, Business users and Future Business Users). We would like to stress that in this
research setting we have considered ourselves being the team consitlfigPoofessionals, whereas the
organizational research provided by interviewees and observations will form the input retrieved from a

fictional steering committee.

Five main activities constituting the design process
To formulate a more granular approaébr how to achieve a strong design approach and thus a strong

project, Simonsen Kensing and Bgdker suggests that a project is being designed around the following five
main activities. Each of these activities will be seen in light of how we would aspmplp them for the
proposed solution, as if it would be implemented to the organization. The five points are as folldws: (
project establishment(2) strategic analysiq3) indepth analysis of selected work domai(¥, developing

one or more visionsf the overall change, an@) anchoring the visionSimonsen, Kensing and Bgdker states

how each of these activities produces knowledge which will allow the team of IT professionals to keep future
users aligned with the design that is being aspired talsailhe steering committee will in turn be enabled

to focus on the decision making that allow the design team to understand the overarching design direction,
which is a requirement for the design team to proceed. The close involvement of the steeringttasmnmi
enables them to make decision on a qualified basis and thus minimizing risks in the ongoing interpretations
2F GKS LINRe2SOoGQa 32Frfta FyR YAGAIFGAY3T GKS NrRal 2
Kensing and Bgdker, 1996).
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Project establishment | Thepurpose ofproject establishment provides the steering committee, u
and the IT professionals with a sound basis for succeeding project activiti

1 Scope and aim
o End to end automation of container procedures, through IoT
Robotics software
o Achieveoperational excellence through leveraging the synert
between APMT and ML
1 Level of ambition
0 Revolutionize the ways of working with containers from discha
to storage.
1 Project planning
o Refer toOutline Planin business case s&mn

Strategic Analysis The purpose of the Strategic Analysis is to clarify and delimit which do
GKIFG ITNB Ay TF20dza 2 FSimormséh, KeisiBgeabdBid
mentions how this is often covered in the project establishment stagaich
is the case in this thesis.

To elaborate further, the overall strategy that we set in, was to resolve ea
the identified problem statements for APMT and ML.
In-depth  analysis 0] The purpose of the idepth analysis of setted work domains is to understat
selected work domains | the present issues with the-#&sways of working, again we refer to the sect
of problem statements, wherein we identified the issues at hand related t
operational procedures conducted by both APMT and ML.

Devebping visions fol The purpose of developing the visions for the change, is to ensure th
the change participants wiether being Steering committexe IT professionalsare aligned
in terms of what is aspired towards. As mentioned earlier in this ese clear
for all participantsat all the conducted activities botin terms of interviews
observations and canalysis sessions with included interviewees. The visi
the change are as follows:

End to end automation of container procedures, through and Robotic
software

Anchor the visions Excluded as we have not been enabled to anchor the visions of the prg
solution as we have been limited in doing the actual-ootl to the
organizations.

Table 7.Five Main Activities that Constitutedesign Process

Principle 1Participation
A large proportion of software that is being developed and installed in organizations is never being used, in

most instances this is because the IT professionals have not got the requirements right (Simonseg, Kensi
and Bgdker, 1996). Simonsen, Kensing and Bgdker have identified participation as a way to increase the
probabilitythat a design corresponds to the requirements presented and hence ensuring a system that will

serve the intended purpose and be used d@emaded.lt is vital that the IT professionals (who develop a given
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system) have the required knowledge of the usage scenarios of the system being developed. This would
mean in our case it is a prequisite for the IT professionals to have a thorough ustinding of the
operational procedures conducted at the terminal site. Furthermdris important for the future business

users of the system that they have a view of the technological options avaithbléechnological overview
should be developed fathe business users in a-dgarning processight (Simonsen, Kensing and Bgdker,
1996) This will enable the business users to provide valuable inputs during technology selection and address
e.g. limitations of a technology which would not be perceivedthie eye of an IT professional.

The patrticipatory design phase is ultimately driven by the IT professionals and apart from being technical
focals, it is also vital that IT professionals together with management communicate and clearly anchor the
vision that is aspired towards. The participatory design facilitaéiad visiorof this solution for ML and APMT

have clearly been anchored prior to all interview conducted; we want to fully automatecdinéainer
procedures from préberth till container has beeplaced in the container yard. By having a clear vision
participants have been very clear on the agenda and have been able to support and assist with beneficial
knowledge that has brought us closer to the final solution. Unfortunately, in this thesis veebleawn limited

in engaging with businegersonneland hence we have not been able to test the participatory design process
with them. But we trust that the participatory design conducted witlbjsict matter experts from ITdesign
teamsand automation diectorshave been sufficient to validate and verify the usefulness of participation in

the design phase.

Principle 2: Close link to project management
The project management of this given project, or any other project, deals with the division labour; éow th

project is being designed, the process of doing the same and clear procedures for how arising conflicts and
risks are mitigated. Simonsen, Kensing and Bgdker states in their paper that the team of IT professionals
deliberately should establish a strongrmd with project management-urther, they advocate that a clear
division of labour between the design team (IT professionals) and a steering committee (consisting of
management and future business users) is established. In this research setting we momsidives as being
members of the design team, as we have carried out the project analysis, design and committed thought
management around the technical implementation to the organization. The steering committee have not
been a visible factor throughotite research and writing of this paper, however as mentioned above it would

be a team of managers and future business users. This aligns with the participation mentioned during the
first principle above; ensuring participatory desigi a potential implenentation setting for the proposed
solution a tight link to the management would be vital, as soéution for thisproject is extensive in nature

and has a lot of different stakeholders through each of the segmentations we are proposing change for. Each
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of these stakeholders would have to be represented in the committee to avoid the pitfall of missing the

aspired business requirements.

Principle 3: Design as a communication process
The third principle deals witlthe communication processes that has to betablished between IT

professionals users anda steering committee. The commigation model is divided in three different
segmentationsdza S N & LINE a Sy (andteéhhalodical plioneacie ol tieSe¥segmentations are
seen in the light ofabstract knowledgeand concrete experienceg\t the outset users and the steering
committee will have knowledge around their current wankd the organizational optionghis relates to the
'ASNRA& LIN¥haréay IT prafesdichals and the design team teakeowledge around technological
options available; this relates toTechnological optionsThe segmentation in the middiew systenis the
envisioned technology in relation to the domain thais being assessed for change.
Simonsen, Kensing and Bgdkeatss that he abstract knowledge is required in order to get a Higlel
overview of the domain, whereas the concrete experiences are required in order to understand the abstract
knowledge and evaluate its relevandeach layer of the communication modeloutlinedin below table

(table 8) the points included in this is both the technological outset and the outset presented of the current
ways of working from users and the steering committee. Simonsen, Kensing and Bgdker states in their paper
that it isimportant that the communication between IT professionals and the steering committee constantly
evolves through small iterationgSimonsen, Kensing and Bgdker, 1996)ese iterations should evolve
between the abstract, and concete layer. How we have iatpreted this is that; what is known at the
abstract layermustbe turned into a concrete experience. The way we have identified to do this is to follow
the Agile Scrum methodology for development, specified further irptiogect approactof our businessase
section. Meaning that the new system based on steering committee inputs and the technological options
(and IT professionals input), will be developed and showcased in small iterations, in order to ensure a
constant alignment of what is being deliveris according to the requirements identifidtis however to be

noted that the digitization of the physical assets must be delivered in a watkkialhpproach, as there is

not the same freedom, as in software development, to iterate forth badk ornwhat is being developed in
terms of physical asset$he nature of the iterative approach will be further elaborated upon during the

analysis of principle 4.
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A SNRA LINB; New system Technological options
Abstract Asis container unlad Develop a robotics softwar(  Software Robotics.
knowledge procedures that will coordinate and f Internet of things,
Asis container manage operationa; enabling physical
placement on shuttle procedures fully¢ from pre- infrastructure.
carriers berth to container stored in
Asis container container yard.
placement in containel Digitze physical assets to a
yards as smart, connected lo
enabled hardware.
Concrete Asis container unloac a !-i&4  container unload I loT components:
experience procedures. LINE OSRdzNB ¢ & o GPS
o Manual unload o Software that can Technology.
procedures, estimate and 0 Sensor Data.
difficult to calculate most 0 Streaming
achieve critical efficient unloa architecture.
path of route. o Data sourcing
efficiency. a !-is container placement o from physical
Asis container AaKdzi Gt S OF NN&A assets.
placement on shuttle o Digitized and o Digitization of
carriers. automated  shuttle physical
0 Waste related to carriers  and  Q( assets.
truck/crane alignment  through
alignment. GPS and sensor datg  Robotic software;
Asis container a !-ig container placement i o Enterprise
placement in containel O2y il AySNJ &I N Senice  Bus,
yards. o Digitized and middleware
0 Manual ordering automated  shuttle integration
of  containers, carriers and reach knowledge
causing wastes stackers can align (software
as a single themselves with eacl connected
container may other through GPS with loT
be moved and sensor data devices).
multiple times. Reach stackers ar 0 Service
Risks redted to enabled to sort the Oriented
operational work in the containers in Architecture
terminals. container yards base knowledge
Difficult to identify on sorting algorithm. (development
specific terminal pitfalls Risk reduction as limite of

hence difficult to plan for
operational performance
improvements.

manual interference in
operational procedures

Data enabled knowledg
based on digitized assets w
enable continuous learnin
and increased performance.

webservices).
o Electronic
Data
Interchange
(EDI)
technology for
transmitting
data  across
systems

Table 8.terative Cormunication model between Steering Committee and IT Professionals
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Principle 4: combining ethnography and intervention
By combining techniques of ethnography and intervention we enable ourselves in taking an iterative

approach towards the design and develogmh of the solution. Bloomérg et al. (1993, p125ktates;d i 2

f SINYy Fo2dzi | g2NIR &2dz R2y Qi dzy RIS tidial foythe tean2ad4T Y dza
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to realistically reflect the business requirements. The thorough understanding has in our research setting
been achieved through ethnographic and observations (as detailed in our methodology section) of the
present work and how iis being conducted. This has been a vital step laying a foundational knowledge that

we have been able to base the solution building blocks upon. Just as important it is for the IT professionals
to understand the setting in which they are developing a sotuin, it is just as important for the users and
steering committee to have an established and thorough understanding of the approach and direction the IT
professionals are taking to the design (as also mentioned above in the communicative sectidplep8hnc

We have achieved a mutual understanding of the direction, by having the solution formalized (in information
diagrams, process diagrams and visions) prior to conducting an interview or observation, meaning that the
business users and steering corntted have been aware of the approach and hence have been able to
partake in the discussion on a knowledgeable and qualified B&&ish in turn have enabled us to formulate

a solution that iteratively target the problem statements as considered by therisig committee, ensuring

a development space where requirements are ngehot missed. Simonsen, Kensing and Bgdker quote
Mogensen (1994X1 2 § KSNJ adz33Said (KS Ldaa SA 52 TS NI R.SAYRI  LANR ((i220R8l LA
development that most prigcts are beig developed in agile iterationsa cornerstone of the agile
frameworks is that prototypes or Minimum Viable Products are showcased as quickly as possible, in order to
ensure a constant alignment between business requirements and a mutualrstadding for the IT
professionalsHence, this is also the approach that we would aspire to take if the actual developments were

to be taken forward. Again, we stress that the iterative approach would only be taken for the development

of the robotics sofivare.

Principle 5: Gaevelopment of IT, work organization, and users' qualifications
According to Simonsen, Kensing and Badker new IT solutions are often introduced because the management

of that given organizion wants change to happertp e.g. derive arevealed organizational benefits,
efficiency or control. However, a pitfall they have identified is that most organizations only focus on the
G§SOKy2t23A0Ft FaLSOG FyR F2NHSG GKFG GKS aeaasSy
gualificationsand ultimately their distinct usage scenarid$fie overarching kegoint to be understood from

the sixth principle is that we, as the team of IT professionals, must:
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Plan and estimate the costs of the activities addressing technical, organizatioredlacational issues. The
previous mentioned principles emphasizes the interrelation between development of IT and organizational

RSOSt2LIYSyid ¢KS FAFUK LINAYOALX S SYLKFAATS (GKS yS

of the same to ensur@ coherent and valuable whole

Development
(Simonsen, Kensing and Bgdker, 1996). And herein of IT
stress that it is not the technical capabilities that has
be trained for, no. It is the distinct usage scenarios tt
a user will conduct on the system that has to berneal
for. In our proposed solution, this would mean the  Organizational Development of
development users' qualifications

users had to be trained in accessing, understanding ¢

. _ _ Figure 10Codevelopment in Related Domains
using the user interface. However, it has to heted
that since the developed system in our case is robot
automated in nature, human interveian would be considerably less than for a normal developed system.
However, our proposed solution would still have user interfaces wherein the user can access data generated
from system in order to enhance the continuous learning problem statement deéiadibr in this thesisAs

well as a user interface where users can manually prompt executions from the 10T enabled hardware.

Principle 6: Sustainability
Throughout the above siprinciples we have a set foundation for developing a lorigrm sustainabldT

solution. As mentioned previously throughout this analytical method, IT systems are prone to fail
economically; either expected rationalization did not materialize or project run far over budget. l.e. in such
projects, emphasis on enabling user quadifions and focus on aligning to the business requirements are
often not being taken care of (Simonsen, Kensing and Badker, 1996). The MUST method presents a coherent
method for developing a IT solution that aligns with the organizational/user requiremgaged on the large

focus that lies within the framework on user participation. Furthermore, apant identified throughout

the analytical method is that the steering committee and IT professionals will be best enabled by experiencing
through practiceThis again ties together with the proposed project approach of developing the solution is
small iterations, in order to enable the user to modify and have a clear tangible experience of the

requirements along the development process.

On basis of abovandysis,we have thoroughly identified howarticipation can and should be used to
achieve alignment between IT professionals and the steering committee. Participation and enabling the
future users to experiment at an early stage is vital to ensure thistanhalignment, ensuring what is being

delivered is what is being asked for.
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EPCgloba] Future Architecture model
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Future Archtiecture Model to urmerstand thesix distinctivebuilding blocks. Thesaxcomponents are in the
F2ft26Ay3a aSO0GA2y lylfel SR YR dzyRSNaRG22R ol aSR 2
each of the extensions below have been assigned a number that alighs tmmberingassigned to the

model depicted below. The edge architecture connection is being thoroughly analyzed and described in the

latter section of the analysis.

Database Cache

* Increased Query

Performance

* Offline Support in
Disaster Settings
Data Lake [el Query Interface Software Agent [5]
Bl Tool
loT Accessing Application
{Software Robot) Local Use
"

Edge Architecture

[1] [2] (3] [4]

Static Data Dynamic Data
Master Data Sensor Data
Referential Data

Non-IF Data Actuator Interface
NIP Gateways Command protocol

+ QCID, Automated - Real-time sensor
Shuttle Carrier ID, data and GPS data
Reach stacker ID,
Container ID

= Gateway for Non-IP Execution protocol
protocols based on Software
Robot’s input

Figure 11Internet of Things Architectural Diagram
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[1] Extended static data support

Extended static data support is concerned with static referential data. In the propsaiedion, it is
considered as master data that would reside in legacy databases or alidsad data lake. The master data
residing in either of these databases is disas unique identifiers between loT enabled hardware
components, e.g. Quay Crane ID, Automated Shuttle Carrier ID and automated yard crane ID. Based on these
unique identifiersthe machine to machine (M2Mjanidentify each other, and hence they are enabl®

conduct the interdependent work procedures. The actual alignment in M2M interactions are done through
sensor technology, but in order for the machines to recognize that it is aligning with the scheduled machine

the unique identifier is required.

[2] Integration of dynamic data

Integration of dynamic data is concerned with the dynamic data that is constantly being generated in run
time. Uckelmann states that; in order to synchronize the real world and virtual world it is required for lIoT
enabled compoants to be able to sense environmental conditions as well as the status of the specific device
or asset. Uckelmann continues and say that sensors are the key component for the coming generations of
IoT. This is because; they empower a bottom interactionwith things by enabling the gathering of
information about their state or condition within the real world (Uckelma2®11). The state of things; QCs,
Shuttle Carriers and Reach Stackers can for example generatémeatiata enabling APMT and ML for
predictive maintenance of their physical assets. E.g. an alarm system that will notify if there is an issue with
any of the physical assets that are being I0T enabled as part of the solution propostder example of
dynamic data needed is for the QCs whieey are lifting a container as part of the unload procedure, herein

it is required for it to be able to measure the balance point in the container, only through dynamic sensor
data the QC will be enabled to calibrate the weight point in real time. Furtbee, the dynamic data in the

shape of sensor data will enable the assets to function according to the instructions provided by the robotics
software. Ensuring that the automated vehicles (Shuttle Carriers and Reach Stackers) do not collide with one
another. In the proposedsolution,the dynamic sensor data is fed to the central robotic software through
outbound query protocols enabling the decision making to happen at the robotics software layer of the

solution.

[3] Support for Mn IRdevices

Various typs of sensors do not have the capability to be connected torttegnet through a regulamternet
protocol connection. Hence NolP ckvices within the domain of 10T, will be connected to the Robotic
software through gateways (Uckelmann, 2011). Unfortuhgtere have been limited in doing an analysis of

the actual sensor devices that we would install in the physical assets. Hence, we would not be able at this
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point in time to define whether the chosen sensors will be Internet Protocol compliant or nadsintbey
are internet protocol compliant the sensors would be connected to the robotics software through a regular
internet protocol, whereas if not; the sensor data would be connected to the robotics software through

gateways.

[4] Integration of an actuat interface

Actuator integration to the loomain will allow standardized communication with machines executing
decisions either rendered by humans or softwagents, in our proposed solution it will primarily be
rendered through a softwaragent. Howeer, there does exist distinct usage scenarios wherein the
communication for execution will be rendered by human intervention in 10T domain (to be further elaborated
below). Uckelmann states that the combination of sensors and actuators and their integiratioe domain

of 10T is an indispensable feature and will have to be considered at all layers of the architecture (Uckelmann,
2011). An actuator is the contrary to a sensor, yet very much complememirsgnsor transform useful
energy into electrical da. By contrast, an actuator transforms electrical data into useful enditgg.means

that the electrical signals (data) generated when a QC has to calibrate the-paighof a container, is being
executed at the actuator level of the architecture. Tdetuator is the actionable element in loT. With only
sensorsye would be able to generate vast amounts of data, but not be abbxégute action automatically
based on the generated data. This means that an actuator architecture has to be establistheddioysical
assets being loT enabled, in order for them to be able to operate and execute on the information generated

from sensors.

[5] Integration of software agents

As outlined in theé¥he Solutiofsection of this thesis, one of the main building dke of the solution is to

have a centralized robotics software that will direct all the data inputs and inform the physical assets how to
execute based on this data. This is the main softwaagent, it will not be thoroughly explained this section

of the paper, but we refer to the latter sectigeoftware robot, technical desigmherein we will outline the
technicalities of the software robot in further depth. In section however we would like to outline that apart
from the software robotics there ar some distinct usage scenarios, it is required fohaman agento
intervene in the 10T domain. Hence, there is a need for the to be able to interface with the loT processes, this
could for be through a computationabftware user interface. From the usénterface,the human agent
should be allowed to communicate with the 10T assets, in order for them to execute on basis on the decisional
input provided from thehuman agentAn example of when the software user interface would be relevant is
when a custmer arrives at the termial to pick up his/her container. Herein, a human has to trigger the
Fdzi2VYFGSR wSFOK {dFO1SNnRa G2 SESOdziS G(KS | OGADA
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customer. This requires an accessible software user ircerfaat can be easily accessed from the terminal

site.

[6] Data Synchronization for offline support

It is extremely vitathat the operational activities happen in a timely manner. A prerequisite for the activities

to happen in a timely manner is that @gits synchronized and shared across all the involved entities, to ensure
data integrity. There may be certain cases where ontioenectivity cannot be assured, if for example the

ship is at sea. In the solutipwe have an ifbuilt cache that will cacheetevantdata regarding; discharge

lists, stowage lists, vessel voyage details, booking de¢ddisThe data cache will be purged and refreshed

on weekly basis. Once the data resides in the cache it will be available to all systems. Note that real time
sensor and actuator data will not be available in case the internet protocol fails, or the gateways for the
same. The cache will only ensure data integrity for the data that is being obtained from the legacy systems.
And the cache will be based on the dalet is being replicated from the internal database servers in the

terminal, to the data lake.
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Software RobotArchitecturalDesign
Throughoutthe¥ ¢ K S { S2dtiatzdfih ga@er we outlined in a hitgvel manner how the system would

function. In he abovesection,we understood the building blocks of the solution in a more detailed manner
with regards to the 10T components. The belamwhitecturaldiagram is madéor the reader to get a better
understanding of thelata enrichment calls that is begrmade from the robotic softwart legacy domain
in ML (Point 2inW¢ K S {)2ERativdf AhA §stpsfrom the edgearchitecturewill be briefly described

below, with an emphasis on the used technology.
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Figure 12 Software Robotics Architectural Qram
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Point 1in the architectural diagram illustrates the RKEM Event that is being triggered two hours prior to the
vessel will berth. The event will be placed on a message Queue (MQ), MQs are an asynchronous
communication protocol, this means that thersker (RKEM) and the receiver (Robotic Software) do not need

to interact within the transmitted message at the same time. RKEM will place the trigger on the queue, and
the Robotic Software can pick it up once permitt&dint 2 depicts the call that is begnmade from the
robotics software to th€sSIS and GCSS webservices. The Robotic Software will invoke the Enterprise Service
Bus (ESB) proxy, throughSimple Object Access Protocol (SOAP). SOAP is a messaging protocol used for
exchange of structured inforation between web services and computer networks. The SOAP message will
hold aVesselReferenbeimberwhich is part of the RKEM event payload. ESB is a middleware technology
that allow difierent web services to communicate with one anoth&SB can be pereed as a contract
agreement between two web services. ESB enable different web services and applications to communicate
and understand each othely enabling a common ground of understanding between applications, a

simplified illustration is given below:

RKEM Payload: — » | ESB Layer: - 5 GSIS Payload:

VesselReferenceNumbe o | VesselNumber - VesselNumberByVoyage

Figure 13 Enterprise Service Bus lllustration

To elaboratdo ensure the understanding has been conveyed; above means that ESB has a common element
that can reused throughout the Service Oriented Architecty&DA)andscape consisting of wedrwices.

Hence, all webservices are enabled to communicate with one another as long as their webservice element
are mapped to the ESB layers perception of that given data elerette illustrated example, the RKEM
payload holds thé/esselReferenceNumbehis reference number is mapped WesselNumbeat the ESB

layer, which in turn is mapped tddesselNumberByVoyageGSIS. The ESB layer gives a unique possibility for
re-usability and connections across a distributed system landscape, not limiting at@mméased on the
original code elementoint 3, 4and5 depictsthe ESB califor each of the outlined serwes, these three

calls are made to GSIS to understand which vessel that is incoming and it will hold the exact timestamp of
estimate time of arival. Point 6, 7and 9 depicts the ESB calfisr each of the outlinedsCSServices based

on the vessel detaileeceived from GSI&CSS will provide the data for which container bookings that are
part ofthe specified vesseBased on the booking datagiRobotic Software will understand which containers

that has to beunloadedfrom the vesel once it reaches the pofRoint 9,depicts the fetch of data elements

from the legacy relational databasBoint 10depicts the response from GSIS and GCSS dakatbahe
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central Software Robotics componeRint 11,depicts how the Robotic Software based on the information
retrieved from GSIS and GCSS will start resource estimations and plan for the allocation aheatino real
ensuring that the most efficientnload route is achieved. Furthermone software robotwill input data
about last free days and expected pigi dates to the reach stackers for them to start the planning pattern
around which section of the container yard it most efficiently should laequl andstored This is done by
using a Quick Sort algorithm, to elaborate on this see below step pyesi@mple of a sorting scenario for

eight containers:

SteplA2FG 61 NB NRBo20G O2YLI NBa G afdaté fordhe specificcaaimer.Step (1 K S
2,based on this comparison the software robot will get a numeric value of the nuailozys until expected

pick-up. Step 3jn below dataset examplé 2 R | & Qsiequil lto(1%5-2018, based on this theumber of

days until pickupthe software robot will do a Quick So$tep 4 once the quick sort has been completed the
a2FlUo6I NB NRO2G oAff 0 SStepbdased ahzhis groupiniytide dutorBate@shyftie | A y S
OF NNASNRa gAff (y26 (2 oKA G&inedsBold be ArjelseeFappeddi& forO2 v i I

container yard division)

Dataset before Quick Sort

Container ID Expected Pickip Date Number of days until piclup
ABC456 19052018 4

ABC891 22-05-2018 7

ABC345 18-05-2018 3

ABC234 17-05-2018 2

ABCG678 20-05-2018 5

ABC789 21-05-2018 6

ABC912 29052018 14

ABC123 16-05-2018 1

Dataset after Quick Sort

Container ID Expected Pickup Date | Number of days until Container Yard Section
pick-up

ABC123 16-05-2018 1 Section: 1

ABC234 17-05-2018 2 Section: 2
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ABC35 18-05-2018 3 Section: 3
ABC456 19-05-2018 4 Section: 4
ABC678 20-05-2018 5 Section: 5
ABC789 21-05-2018 6 Section: 6
ABC891 22-05-2018 7 Section: 7
ABC912 29-05-2018 14 Section: Longtanding

Table 9 and 10QuickSort algorithm before and after

Point 12, depicts the data replication that is done in re@he, from the Robotic§ 2 T (i dirtteNiBl Gafabase
servers to the cloudThis is done through Oracle Golden Gate data replication techndhagyt 13,depicts
how a subset of the data is cached order to ensure data retrieval performance and offline support in case

of a disaster setting.

Based on above two analytical assessmentshave understood the proposed solution building blocks in a
more granular detail, both the software robotics anetloT building block3.he overall solution will in the
following analytical section be analyzed in the light of the Holistic Model, this is done in order to depict which

technicalloT/Robotics componenthat derives organizational benefits.

Holistic Modé

The Holistic Model presents a framework for how companies can be considered as content providar, in

of data. This data is in turn generating beneficial value for the organization. As mentioned throughout the
theoretical framework, we have limited ¢hview of the model only to focus on the company related benefits,
hence excludingeopleandpublic institutionsWe will walk through the framework in the following manner;
first, we will outline the content and data that is being generated and from kidistinct usage scenarios

the data will be generated frongecondlywe will cover each of the five 0T its, as presented by Uckelmann

and furtheroutline how each of these IoT traits are generating organizational value and benefits for APMT
and ML.

Campany content provided

The data that are being generated in the terminals while the vessel is docked is baG@&Satatawhich in
reattime will feed the robotic software with location and position data of the specific container. In addition
to GPS dataxtrasensor dataare enabled on all physical digitized assets, these are used as an enabler for
the M2M interactions that happens throughout the containers life cycle from:baeh until it has been
stored in the container yard. Furthermore, there amalthat is being generated outside of the terminals as

depicted in below analysis die robotic software, this dataesides inlegacy systemand is used as a
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foundation for the decision making that the robotic software will be enabled to do. Thisglatd generated
through 10T components itself, but is a complementary asset for the solution to function properly, hence we

included to mention it here in this section as a content provider for the overall 10T solution.

Internet of Things components and drganizational benefits
The five traits as presented hjckelmann areBusiness Innovation, New Services Enabled by the Internet of
Things, Fronend Internet of Things Architecture, Edge Devices and Management of Resmuathoaskend

Internet of Thing core architecture.

Business Innovatioas uncovered throughout the above analysis we have clearly identified how the internal
procedures for ML and APMT are being innovated in order to uncover else unseen organizational benefits.
Throughout the finanail analysis we identified extensive operational cost savings by fully automating the
operational procedures in Terminals (85% savingsssaving takedasis irreduced run costs as well as an
assumed 30%me savingrased upon optimizations on; QC op#éoa, Crane Truck alignment operations and
Reach Stacking optimizationslew Services Enabled by the Internet of Thimgslso uncovered throughout

our analysig; a data driven operational process will establish transparencies. This can be consideegd as
services for the managerial layer of the organization, enabling benefits that concern with continuous learning
and constant orgoing improvements of the terminal operations. Furthermore, a fully GPS enabled container
fleet will enable ML and APMT to Vefull visibility of their container network, which in turn will enable to
RAAGNAROdzIS GKSANI O2y il AySNRa Y2NB STFAOASylfeod Cj
liners and carriers, as they will be enabled to partake in ML and ABXdissive 0T infrastructure through
sensor and GPS enablement of their own container fleetisis is to be further elaborated upon in the
discussion section of this papédfrontend internet of things architectureas depicted throughout the
architecturd diagrams in the technical analysis there are two frentl entry points to the 0T domain. One
front-end constituted of the user interface, which operators can access at the terminal site, in order to query
a physical asset to execute (e.g. when a custiocomes to pickip a container). Another frorénd capability

is the Business Intelligence query interface layer that resides upon the data lake, this will allow the managerial
layer in obtaining insights in the Terminals operatioBsige devices and magament of resourcesas
outlined in the architectural argsis of the software robot, the connection to the legacy system domain is
the edge device connection in the proposed solution. APMT and ML achieve benefits from connecting the
two domains of systengs the input from the legacy domain will provide the required data for the robotics
software to manage and control the allocation of resources (physical digitized agmtkend Internet of
Things Core Architecturihe architectural core has been ointéd in the above two analyticakctions (first;

IoT, second; robotic software). The core architecture set the foundation for how value is being obtained and
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how this in turn will drive organizational benefil&bove analytical assessment helped us sunireathe

overall benefits that that APMT and ML can expect through the deployment of the proposed solution.
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Discussion

Solving the problem?
The first section of our discussion section will emphasize focus upon the general discussion points that we

have roted and identified throughout the research and writing of this thesis. The second section of our
discussion will take its outset in the technological discussion points that we have identified. The overarching
goal of this thesis was to identify the curteproblems that are causing decreased performance in the
discharge activities in Aarhiitavn The problem statements are assessed and discussed below in the light
that the thesis would hypothetically implemented with the benefits that we have idenfihedirst problem
statement identified was thecommunication gapsexisting in the terminal operations, as well as the
communication with the operators on the vessel. In the proposed solution, the communication flows
between autonomous operating entities aa#l automatic. Hace, we will argue that we havadequately
spanned across this potem. However, as we have conducted our analysis in theptmaning phase, it

should be mentioned that we have been limited in doing actual operational tegatafflowsin the system,

hence we have not been able to fully validate whether the perceived benefits would be achieved. But the
a2t dziAz2zy odAAf RAYy3d o6t2014 SEA&G YR KIS 06S8SSy ARSy
related to this problem stament as sufficientThe secondproblem statements we sought to find a
resolution to was an overall optimization of the QCs ability to unload and discharge containers in a more
effective mannerAlexandru Duca raised a concern that fully automated autordz@io v/ & OdzNNB vy (i €
exist in the market. The reason provided by Alexandru was that he believed that Buarametter at
adapting to movements of the ship in the dock, the slack in the sway chains lifting the container, container
weight points and othr environmental conditionddowever, as identified in below technological discussion

we trust that we willprovide the required technological ability to perform the unload activitiesr fully
automated QCsBased on the hypotheses that this technologisatup will function as perceived, we
consider the second pldem statement as resolved, this is due to the feesthnological development and

we do trust that there exist technologies that could solution the concerns brought up by Alexandru Duca.
Thethird problem statement that we set out to resolve was with regards to the vast amounts of incidents
that happen specifically at the quay side. We consider that the solution has successfully spanned across this
issue, as there would be very limited human mention in the actual operational procedures and hence less

risk that these few operats would end up in an incidenthefourth problem statement that we sought to
resolve as part of the solution was the issues existing ar@mamdainer sorting in the antainer yards. The

sorting algorithmpresented in the technical section of our analysis will ensure that the Reach Stackers are
enabled in informed decision makirmabled toplace the container in the most efficieobntainer yard

section Based on expéed pick up date and thetructured container yard section®n this argumentywe
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consider this prblem statement to be resolv& hefifth problem statement that we identified was that there

are wastes related to truck and crane alignment. Furthermorejdeatified how conemen are manually
assisting in the alignment procedures between the QCs and automated Shuttle Carriers, an incident prone
activity. As the alignment between QC and Automated Shuttle Carriers would be done in a M2M setting,
there are no ks involved. Our assumption is that the alignment would be done with adequate efficiency
between the two machines (and based on GPS and sensor data), hence we also consider that the proposed
solution will resolve this issue, in a tviold manner (efficieny and risk reduction)The sixth problem
statement that Alexandru Duca helped us identifgs APMTs current ability, or lack of the same, to drive
data driven performance improvements. As most of the physical assets does not currently generate data it is
difficult for management to get a bird eye view of why a specific terminal is performing relatively worse than
another terminal. By having QCs, Shuttle Carriers and Reach Stackers fully automated management are
enabled in datedriven decision making and gmore transparency on the operational procedures, hence
enabling them in continuous learning and ultimately operational excellencé®ne could argue that
continuous learning elements should also be integrated in the loT enabled assets through artificial
intelligence (Al), meaning that no human intervention would be required in order for the automated assets
to operate more efficiently. With Al and machine learning, management interference would be negligible as
the assets would be able to perform their owdecisioamakingto align with the critical pattof efficiency.
Theseventhand last problem statement that we set out to resolve was the operating variances that especially
exists within the QC operations (Alexandru Duca, 2018), by having tHeéhQtfleCarrier and Reach Stacker
operation fully automated there would not exist any operator variance as the operation would consist of
identical technological elements. This will ensure a tangible average of performance enabling management

to forecast performace and turnover times (of vessels) in far greater detail and with better precision.

Above we have understood that each of the seven problem statements will potentially be resolved with the
solution that is being presented as part of this thesis. Howasementioned above; the reader must note

that none of the elements of the solution have been rolled out in difealetting and hence we have not
been able to evidently proof that the solution in fact would resolve each of these problem statements. The
tradeoff in research settings that are cutting edge in terms of industry development is that there may exist
limitations in terms of available data and evidence. This have turned out to be a limitation for our ability to
establish a foundational evidentieat we would drive efficiency and operational excellence with the proposed
solution. However, we are confident and trust that we have established findings that can function as a

springboard for potential future development of the same solution, or sisolation.
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Synergies
Another point that we set out to achieve was that we wanted to drive furthemefitson the synergies that

we assumedwould exist between the two business units, APMT and ML. The synergies that we sought to
identify and drive value ém, was to connect the ML legacy system landscape with APMTs operational
system landscape in the terminals. Through the interviews with Alexandru Duca he shed light upon how
APMT currently is sourcing data from the ML legacy systems. The data is begfgrteahthrough different
Electronic Data Interchang&DI)connections and value is currently already being derived from this data.
However Alexandru Duca mentioned that each of tBBIs have different connections because the systems
used in each termiradiffers from terminal to terminal. Hence, he mentioned that an interesting area to
focus on in the future is to align systems across all APMT owned terminals in order to standardize how the
terminals are being operated from a systems point of view. Ehaso a critical point for our proposed
solution, as it would be easier to scale if the systems that it has to connect with are generic across all
terminals. Enabling us to make one generic solution that can be scaled across] ofdt@@ingoT/Robotcs
solutiors tailoredspecifically to each terminal. Hence, to some extent we failed to achieve further synergies
between the two business units, but simultaneously we identified a potential blocker for leveraging on the

synerges between the two units éctively.

Import Cycle Only
During the conducted interview sessions and correspondences with Alexandru Duca he brought to our

attention that in an actual implementation setting, it would be unlikely only to focus on automation of the
import cycle. This idue to the fact that unload and load of containers rarely happarisolation, meaning

that in a real life setting one would have to assess both the import, export cycle antbsthifp procedures.

We decided to focus on the import cycle to allow oursslto go into more granular details around the
solution, and with the events happening to a container from-peeth until the container has been placed

in the container yard for storage. The hardware and the structural components for the import cycle are
identical to those required to support the export cycle. The only difference as identified by Alexandru Duca

is that the procedures would happen in reversed order as compared to the import cycle.

Technological Discussion

Throughout our paper we have mageme technological assumptions that we in this section would like to
look at critically to see how it will apply to tmealworld scenarios in the terminal operations. In quaper,

we base the unloading and alignment of shuttle carriers / cranes bas&P@hsignals on the containers and

in the Terminal equipment. In reality GPS sensors are not a 100% precise but have a varighoeetérs

which makes it impossible for a crane to have a 100% accuracy when it comes to lifting the containers. To

compensa¢ for this lack of precision in GPS technology we would in reality need extra equipment such as
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cameras mounted on the crane arms to live stream a video image and use image recognition to get a more
precise location of the container and thereby enabling@e accurate pickup of containers. Another factor

that makes it hard for the robotic cranes to be a 100% accurate is the fact that wheedhels tied to the

dock it still constatly movesa bit, but with the camera solution just described, the crands$ be able to

adjust to that and counter the movement of the ship and pick the container up accurately. This will be done
by writing some code that moves the crane so that the container is constantly in the center of the camera
image, so if the contaar moved half a meter to the left the camera/GPS sees it and tells the crane to move
half a meter to the left as well. You could even install underwater sensors in the docking area that tells the
software robot how the stream in the dock is and calculate/hich direction the ship will move. Even though

we have not described this in our solution as we make the assumption that the GPS signals are accurate, it is
taken into account in the Financial Appraisal in the Business Case as the cost estimatesdmlzadully
automated project in Port Los Angeles where they are also going to face the same issue with unprecise GPS
signals. Lastly, we would like to mention that the reason we have chosen to make the assumption of GPS
signals being precise is becauke 10T market is evolving so fast that it is a real possibility that the GPS

sensors will be close to a 100% precise at the time this project would be launched.

Next in the technological Limitations we would like to talk about the fact that we in outicolstart to
calculate unloading routes at the Berth Event butéality, we could start this event much earlier if all
terminals were automated with our solution for Aarhdavn If that was the case we could get the data of
where all containers are lated as the ships takes off from the previous port. This is due to the fact that the
containersdo not move around after leaving the Terminal, so we could already read the sensor data from
the containers and see how they are places in regards to each atitein that way already calculate the

best unloading route based on container IDs.

The last Technological Limitation we would like to discuss is the fact that we talk about automating all the
Terminal operating assets but wie not talk about automatediessels This is due to recent statement from

the CEO Sgren Skou, who said at an interview with Bloomberg that he does not see in the foreseeable future
that is will be realistic that container ships that sail with thousands of containers will be allowsall to

autonomously without any humans operating the ship.

z
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Going beyond Maersk
Our solution is completely focus@dy I dzi 2 YI G Ay 3 al SN Maesk igitNampaifvie Ay

have chosen to write ouhesis aroundbut our solution could be sold as a service to other terminals across

the globe. It would also be possible to sell part of our solution as services, such as the installation of GPS
sensors in containers, Automated Shuttle Carriers, Autom@edy Cranes, Automated Reach Stackers and

F {2F06FNB NRo620 (K repoSitaryahdhavRan infeifadelto candhoriitorternitrial(i |
operations.This option would be able to generate additional revenue for Maersk but might however help
competitors to grow and have a better technological foundation to start to scale operations and take away

operations from Maersk terminals.

Estimated Cost
The cost structure that we introduce in the financial Appraisal as part of the business case is paeglyh

estimates from other players in the terminal industry and on our own estimates on salary costs and minimal
number of operators needed to operate the terminal. This can be criticized as it might not give a realistic
picture ofwhat the currentfuture operating costs will be from this solution. Howewee do not have the

insights to make our own estimate of what is needed to falijomatethe terminal machinery and we are

not allowed to use internal salary costs for material shared outside the aaton which have made it
AYLR2AaaAoftS F2Nldza (G2 IABS | LINBOAAEAS LIAOGAINBE 2F (K
into the costs of building the Maasvlakte 1l Termind\etherlandbut even with that information we would

still have to make estimates as the Maasvlakte Il Terminal is only partly automated and are still being
operated with joysticks by humans from a local operating center in the terminal, so we would have had to
estimate the additional cost of going from seamitomated to fully automated and as the hardware costs
YAIKOG KIFI@GS OKFy3aSR ljdzAdS | oAdG aiayoS GKS all agtl

estimate would have been any closer than the estimate we have presented in our paper.
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Reflection
In this section we intend to reflect upon the learning questions that have been presented throughout the

two courses we have decided to found our thesis upon; Internet of Things and Robot Armada. Theories from
both courses have been used in interdisciplinatd uncover how loT and robotics are two complementary
research fields. Once we have reflected upontthie courses, we evaluate our, research and findings against

the overarching learning objectives that constitutes a succeb&digker of Sciencthesis.

Internet of Things
From thelnternet of Thingsourse thdfirst learning objective was tdJnderstand the main concepts, models

and frameworks of the Internet of Things and its impact for business innovaitiooughout this thesis we

have successfullypplied the two main models that was presented throughout the course (EPCglobal Future
Architecture Model and Holistic Model). Furthermore, we have proposed a mixture of an IoT and robotics
solution that will drive innovation and derive business benefitstlie targeted organizations. Thecond
learning objective wasBe familiar with the tools and technologies (Sensors, RFID, Embedded Systems)
required to create new businesslutions An integral part of the proposed solution in this thesis is 10T dsvice

e.g. Sensors and GPS streaming technologies, furthermore we have achieved to propose an architecture for
the embedded software system that connects directly with loT domain. Ththird learning objective was;
Analyze, using different frameworks, thrédrnet of Things; strategic implications, user centered design and
technical challenges related to form and functi@dfe have successfully used different frameworks to analyze
and understand the strategic implications the proposed solution would haveARMT and ML. These
strategic implications should be seen in the light of the identified problem statements and how we uncovered
the solution would be resolve and benefit the same areas. The MUST framework helped us understand a
method for ensuting a user entered design. fie technical analysis shed light upon the techlifies of the
proposed solution, and how GPS (not accurate enough) and QC digitization (currendyistent) may be
blockers to the proposed solution. TRaurth learning objective wasritically evaluate ethical, privacy, and
security issues related to the Internet of Thing® are both aware of the aspects that fall with regards to
ethics, privacy and security, however we were afraid to blur our focus and make our scope too wide. Henc

it was an intended decision to limit the thesis from these points and solely focus on the solution. It would
have been interesting to analyze these areas however, especially since the shipping industry is conservative
in nature, one could imagine pudiack from such solution, which is being presented. fitte and final
learning objective of the Internet of Things course vi2ssign/Develop parts of an Internet of Things solution

to create business valuAs mentioned several throughout this thesis, /e been unable to develop any

of the actual building blocks of the proposed solution, however we trust that we have sufficiently depicted
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how the architectural design could be structured for this I0T solutitm.summarize on above learning

objectives, ve are confident that we have adequately touched upon each of them.

Robot Armada
From the Robot Armadaourse,the Firstlearning objective wasBe able to assess and discuss business

strengths and weaknesses of RobM#e are confident that we have achiev¢éo showcase the business
strengths that can be generated through the appliance of robotics, both softwaareé physical robotics
(based on resolution of problem statements). Furthermore, we uncovered financial savings in the operational
run costs and a@® increase in efficiency. To the financial section of this paper, however; we need to stress
that most of the figures are based on assumptions and research of secondary data. The costs and the
uncertainty on ability to materialize on the investment, hoxee we would consider a weakness of the
proposed solutionThesecondlearning objective presented through the course wa@sn account for how
productivity problems, capacity challenges and lack of innovation can be solved by use of Thbots.
identified problem statementsand the resolution for the same, as well as the additional organizational
benefits uncovered we are confident that we have showcased and accounted for how productivity, problems
and lack of innovation will be catered for with the intradion of the proposed solution. Thhird learning
objective wasunderstand differences and be able to exemplify industry, service, social, and software robots.
Throughout this thesis we have made a clear distinction between the software robotics adayifeation

of physical assets. In this paper, the digitization of physical assets has been considered as I0oT elements, they
might as well have referred as industrial robqtsence we consider that we have sufficiently touched upon

this learning objectig. Thefourth learning objective wasCan give examples of and discuss management
challenges when implementing robots in industrial settingse original intention of this thesis was to
uncover the managerial challenges related to such implementatésthe proposed solution. However, the

focus in this thesis resides on the design and organizational benefits that can be achieved. Considerations
and data for the rotbut phase of the solution was difficult to achieve, as the organization is currently not
close to have fully automated operational procedures. Hence, we have had to neglect this are of focus in this
thesisc with regret. Thefifth learning objective wasCan account for the industrial age management mindset

and the innovation management persygives and are able to apply adoption of robd#e have uncovered

how robotics and 10T is tied to the third wave ofdifven competition and how Web 3ill be an enabler

for the same. Furthermore, we have understood through the appliance of the idafistiel how the solution

is driving organizational innovation. To summarize on above learning objectives, we are confident that have
sufficiently touched upon each of them, apart from the fourth objective. This has been neglected due to

difficulties obtainng the required and relevant data to analyze and present the same.

71
































































































