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Abstract
The global population is growing, and more people than before are moving to cities. This
creates a need for increased building efficiency and possibility to work in remote environments.
On today’s construction sites, there is a need to able to organize the site in a better way. In the
future, autonomous vehicles will instead find it difficult to localize materials on a construction
site. The autonomous vehicles can localize themselves with cameras and sensors, but they do
not know how to localize the materials and items.
This report is based on a project where Volvo Construction Equipment acted as a customer and
the project was performed by students from Blekinge Institute of Technology and Stanford
University. The prompt for this project was “From elephants to ants – from Earth to Mars” and
would later be interpreted as finding a solution for the future that will be able to function without
human’s intervention.
From this project, this report was created. The following research questions for this report were:
•
•

How can workers locate building materials on today’s construction sites?
How will autonomous vehicles be able to locate material without human assistance in
future construction sites?

To solve these problems a design-process started, using an engineering design method. This
method was chosen because of the type of problem. In engineering, the problem is identified to
create a solution to the problem, comparing to when studying science, a question should be
answered.
The outcome from this report is a Product Service System (PSS) for a tracking system and a
device for materials on today’s and future construction sites. When this solution was created no
economic aspects were considered. Also, the focus of this report is the first steps of going from
today’s construction sites to the future construction sites where autonomous vehicles will be
used.
The result from this research shows that the same problem of organizing a construction site is
a pattern that can be seen in the majority of the sites that were visited during field works. Also,
the workers today have little trust in the autonomous vehicles which is a result of lacking
information and communication within companies. Furthermore, to be able to move to an
autonomous future the mindset and attitude has to be changed. The collected data was analysed,
and the outcome was a tracing system that will enable, both humans and machines, to localize
materials on today’s and future construction sites. With this solution, today’s workers can track
their materials wherever it is placed, without any need of changing the site. The autonomous
vehicles will be able to use the tags to localize materials when there are no humans around.
Keywords: Product Service System, Autonomous construction site, Machine, Sustainable
product development
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Sammanfattning
Den globala befolkningen växer och fler flyttar till städerna än tidigare. Detta skapar ett behov
av ökad effektivitet i byggbranschen och möjlighet till arbete i avlägsna miljöer. På dagens
byggarbetsplatser är det nödvändigt att kunna organisera platsen på ett bättre sätt. I framtiden
kommer de autonoma fordonen få det svårare att lokalisera material på en byggarbetsplats. De
autonoma fordonen kan lokalisera sig med kameror och sensorer, men de vet inte hur man
lokaliserar material och föremål.
Rapporten bygger på ett projekt där kunden var Volvo Construction Equipment och projektet
utfördes av studenter från Blekinge Tekniska Högskola och Stanford University. Prompten för
projektet löd "Från elefanter till myror - från jorden till mars" och som senare tolkades till att
finna en lösning för framtiden som kommer att kunna fungera utan mänsklig påverkan.
Från detta projekt skapades denna rapport. Följande forskningsfrågor skulle besvaras:
•
•

Hur kan arbetare lokalisera byggmaterial på dagens byggarbetsplatser?
Hur kommer autonoma fordon kunna lokalisera material utan mänsklig hjälp på de
framtida byggarbetsplatserna?

För att lösa dessa problem startades en designprocess, med vald ingenjörsmetod. Denna metod
valdes på grund av typen av problem. I ingenjörsmetoden identifieras problemet för att skapa
en lösning till problemet, jämfört men en vetenskaplig metod, där en fråga besvaras.
Resultatet från denna rapport är ett produkttjänstesystem (PSS) för ett spårningssystem för att
kunna spåra material på dagens och framtida byggarbetsplatser. När denna lösning skapades
togs det ingen hänsyn till de ekonomiska aspekterna. Fokus på denna rapport är de första stegen
för att gå från dagens byggarbetsplatser mot de framtida byggplatserna där autonomiska fordon
kommer att användas.
Resultatet av forskningen visade att det finns ett stort behov av att organisera de olika
byggarbetsplatserna som besöktes under studiebesöken. Arbetarna har idag ett litet förtroende
för de autonoma fordonen som är ett resultat av bristande information och kommunikation inom
företagen. För att kunna gå till en autonom framtid måste tankesätt och attityd ändras. Den
samlade data analyserades och resultatet var ett spårningssystem som gör det möjligt för både
människor och maskiner att lokalisera material på dagens och framtida byggarbetsplatser. Med
denna lösning kan dagens arbetare enkelt spåra materialet, utan att behöva omstrukturera
arbetsplatsen. De autonoma fordonen kommer kunna använda spårningssystem för att kunna
lokalisera material när det inte finns några människor till hands.

Nyckelord: Produkttjänstesystem, Autonoma byggarbetsplatser, Maskiner, Hållbar
produktutveckling

iii

[This page is intentionally left blank]

iv

Preface
This thesis report is the final part of the five years in the master’s degree in Master of Science
in Mechanical Engineering, with the emphasis on innovative and sustainable product
development at Blekinge Institute of Technology. The project behind this research, were I also
participated in, has been a collaboration with Volvo Construction Equipment (CE) and is a part
of an international project together with Stanford University.
There have been many persons involved in the project that has been supporting, but firstly I
would like to say thank you to BTH and Volvo CE for this amazing opportunity. This project
has been so educational and interesting, and I hope that others will get the same chance as I got.
The personal thanks go first and foremost, to my supervisor, Senior Lecturer Christian
Johansson, that helped me think in new and different ways when it comes to attacking questions
and think deeper into the problems.
Also, a special thank you to Martin Frank and Jenny Elfsberg from Volvo CE that gave good
and constructive feedback and support through the whole project.
Thank you Ryan Ruvald that acted as a coach and teaching assistant and helped the members
in the project group when we got stuck.
Thank you to all companies, interviewees and other participants in the project that has
contributed with useful data and knowledge.
Last but not least, I would like to say thank you to my supporting and loving family, boyfriend
and friends that has believed in me through my education and especially for this thesis.
Many thanks!
Louise Karlsson
Karlskrona, 2018

v

NOMENCLATURE
“ANT”:

A small, autonomous construction robot or vehicle that can work
on a construction site

AUTONOMOUS:

Performing behaviours independently or not controlled by outside
forces, in this case, pertaining to machines that perform tasks
without human input

CONSTRUCTION SITE: The location where a building is being constructed or demolished
“ELEPHANT”:

A large-scale construction equipment, mainly a vehicle

GSM:

A cellular connectivity technology found in mobile phones

GPS:

Global Positioning System; global positioning system: a chip used
to track location using satellite connectivity

GPRS:

General Packet Radio Service

KEE:

Knowledge Enabled Engineering

LEAN:

5s med waste, wiki

PALLET:

A flat transport structure that supports goods in a stable fashion
while being lifted by a forklift or other construction vehicle

PSS:

Product Service System

TAG:

A tracking device that attaches and displays information on the
material its tracking

TRACK:

Identify the real-time location of a person or item
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1 INTRODUCTION
This chapter will give an introduction to the content of this report, starting with a background
of the problem to be solved. Following comes objectives and delimitations, report questions
and technical problems, and some background of Volvo Construction Equipment and their part
in the project this report is based on.

Background
The global population is growing, mainly because there is more access to better health care,
better education and functional societies, but the largest reason is because more people have
access to fresh water [1]. In order to support that, there is a demand of more efficient
urbanization. It also means that humanity needs to go to remote areas that still have the space
to move into, both on Earth and potentially on other planets. The need for increased building
efficiency and possibility for work in remote environments makes autonomous machinery the
perfect candidate to achieve this need.
A growing population also means that people start to move to the cities more than before and
the urbanization will continue [2]. Watson writes that in 2008 more than half of the world’s
population lived in cities and by 2050 it will be 66%. This means that there is a need of building
more houses, homes and other buildings. This requires a good infrastructure, both around and
on the construction sites.
By looking to the history books, we can see that people moved from the countryside to the
larger cities during the industrial revolution in hope of getting jobs. The effect from that was
increased efficiencies in farming rendered a large workforce redundant [4]. Similarly, today
people are also moving to larger cities because of job opportunities.
A trend that we today can see is that the modern machines are getting autonomous, which means
that there is a less need of human workers [3]. This autonomous trend can be seen in other areas
too. In industries today, many workers are being replaced with robots. Many times, it is because
the customers require a higher standard and a quality that is difficult to manage with manpower.
Also, safety is today very high prioritized which makes robots a better worker than a human
and also since the robot can keep a consistent quality comparing to a human, example when it
comes to welding and cutting.
What we also can see is that we are going to an autonomous future [5]. Autonomous machinery
has had a large impact on manufacturing industries, such as the automobile industry, and has
the potential to do the same for the construction industry. In the automobile industry they use
conveyer belt to make the production moving forward and move from one part of the factory to
another [41]. Some of the tasks have been replaced with robots due to need precision and
perfection, example painting and welding. Furthermore, a decrease in size of autonomous
machinery could allow for swarms of autonomous machines to act in synchrony to complete
tasks together as a whole, that are larger than the sum of all the individual parts. Smaller
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machines also have an advantage that they can be fully electric, are cheaper to produce, and
have lower cost of downtime when it is out of order, compared to a singular large one.
In the automotive industry, technique developments are getting more and more advanced. In
today’s modern cars it is standard to have air condition, electrical windows, electrical adjustable
chairs, touch screen for radio, etcetera. These are functions that has been developed through the
years. Some of the newer functions, such as different safety alarms, are developing faster. The
car industry is today developing new technologies with other technology companies to be able
to create a safe car for the customer. Some of these technologies are sensors and cameras that
can park a car, a cruise control that can control the speed depending of the distance to the car
in front, and sensors that can stop the car if something, example a child, comes in front the car.
The list with functions will go on, but the point is that the standards are changing all the time,
along with the developments in the world, and we cannot stop it. To be able to control all these
things there are many systems that must collaborate in the car, and any other machine. The back
sensor in the cars has help many drivers from hit other cars while parking, and the parking
camera even more. Now there is self-parking cars and soon the self-driving cars will come even
more to the market [6]. We can also see that the construction industry starts to consider having
autonomous vehicles on the site [7].
Before coming there, in the future, there are some things that must be done and changed. Even
though the companies have good control of what they are doing, the society’s, must work
together with them and change many laws and systems in the surroundings and society. There
need to be an understanding of what this will require and why. The mindset of what the
machines are doing has to be changed, and also learn how to work together and trust them.

Objectives
The objective from the project was to create a system or device that Volvo CE can use in their
developing of autonomous vehicles. Since this report is based on that project, but having an
emphasis on sustainability and Product Service System, the outcome from this report was to
find a Product Service System for a tracking system and a device for materials on today’s
construction sites.
As a deeper understanding, there need to be a thought of how this Product Service System
solution can be implemented in the future as well with autonomous vehicles.

Delimitations
To be able to frame the questions some delimitations has been done. As mentioned above, the
future is going to autonomy, although the way is a long until we are there. To be able to reach
that goal some primary steps must be taken, and that is what the focus is in this report. There
will not be any economic aspects considering while finding a solution to the problem.
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Report questions and technical problems
In this report, following research questions will be answered:
•
•

How can workers locate building materials on today’s construction sites?
How will autonomous vehicles be able to locate material without human assistance in
future construction sites?

Volvo Construction Equipment
Volvo Construction Equipment (Volvo CE) organised, together with BTH and Stanford
University, a project where the challenge was to find what the possibilities are to create a
product that will fit the future needs on construction sites.
As mentioned before, the society are getting more electrified and automated which is a trend
that we today can see and have seen over a time. That creates new jobs and professions that the
society slowly adjusts to. Other trends that we can see is that because the jobs are getting
automated, many jobs that was physical before has now become less physical and demand less
workers, such as farming. Within the farming area the technology is becoming more advanced
too. In bigger farms tractors has become autonomous so that the farmer can sit inside their home
and control the tractor from there with a computer. This creates a safer environment at the same
time it is cheaper and more time efficient. Theses autonomous vehicles are also becoming more
common in other industries, such as the car and building industry. This is something that the
project later started to explore.
The project that Volvo CE did together with the students started with a prompt that was open
to interpret, but it should have some connection with what Volvo CE is working with. The
prompt was “From elephants to ants – from Earth to Mars” [8]. The task was to interpret the
prompt and then find a solution to it. The first part of the prompt, “From elephants to ants”,
was later interpreted as large vehicles becomes smaller, and to see what consequences there
would be and why with this change. The second part, “From Earth to Mars”, was later instead
interpreted as the unknown, future and remote places. The whole prompt would later be
interpreted as finding a solution for the future that will be able to function without human’s
impact. These interpretations were not obvious from the start of the project. To reach to the
final interpretation there were many areas explored, see chapter 3.2 and 4.1.
The project, which is based on the ME310 course [9], will be the base for this report. The
ME310 course is instructed by Professor Mark Cutkosky and Professor Larry Leifer, following
the design thinking process that can be seen in figure 1.1. The same process is taught in the
classes on the master level of Mechanical Engineering with emphasis on Innovative and
Sustainable Product Development at BTH [10].
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Figure 1.1 The structure of the design-process in ME310 course. The figure shows that the design thinking
will iterate and loop until the problem is solved [44].

Volvo CE acted as customer in this project and the contacts from Volvo CE that gave the prompt
to the project was Jenny Elfsberg and Martin Frank. The title of the prompt is built from their
new investment in sustainable machines.

Figure 1.2. Pictures of HX01 and HX02 which are the prototypes of Volvo CE’s new autonomous
vehicles.

Volvo CE holds firmly that their design is centred on humans and wrapped around quality,
safety, and the environment. As one of the leaders in the construction industry, Volvo CE
envisions a safer and more environment friendly construction site through the use of full electric
and autonomous construction equipment. One of their newest machines is the HX01 and the
upgraded version HX02, see figure 1.2. They are fully autonomous haulers that suits the
sustainable future that we are going towards, [11].
The team for this project consisted of four students from Stanford University and four students
from BTH, included the author of this report. The teams should together come up with a solution
to the prompt mentioned above. To their help, they had a teaching team and supervisors from
their colleges that guided the students during the project. This report will have that project as a
base and use data and research from it.
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2 THEORETICAL FRAMEWORK
This chapter starts by describing Project Service System (PSS) based on previous research
followed by the business model canvas, Knowledge Enabled Engineering
System engineering and others research on material flow on construction sites.

Product Service System
When companies offer a mix of both products and services instead of just focus on just one
product or one service it is called a Product Service System (PSS). Product and service should
be combined to satisfy a final customer’s need through more resource-efficient services that
could bring both dematerialization and environmental benefits. It also refers to the network,
infrastructure and governance that is necessary to bring the product-service to market [23]. The
formal definition would be, according to the authors in the referred paper [12]:
“A Product Service system (PS system) is a marketable set of products and services
capable of jointly fulﬁlling a user’s need. The PS system is provided by either a single
company or by an alliance of companies. It can enclose products (or just one) plus
additional services. It can enclose a service plus an additional product. And product
and service can be equally important for the function fulfilment.” [12, pp. 18].
One fundamental element for the design and realization of a successful PSS is the life cycle
perspective. The aim is to have a complete understanding of the product performance and
required service [24]. By combining both product and service it is not just to combine hardware
with software, it is also about reducing costs and usage predictability. Shortly, PSS is a
sustainable way of selling something to a customer [22].
Depending of the extent of which product and services the offer has, what the different key
elements are, and what classification they vary between, the different PSS types are shown in
figure 2.1 below [14]. The PSS solutions can be divided into three different main types of PSS;
product-, use-, or result-oriented offerings [22]. The first PSS offering is a product-oriented
PSS usually involves a service; such as maintenance contract, repair parts, product related
advice, that is added to the product that creates value to through the offering. An example of
that would be a car that the customer owns, but sometimes needs help with maintenance that
the customer fix by themselves. The second PSS offering is a use-oriented PSS and is when the
provider does not sell the product but makes it valuable under a leasing agreement, example
leasing a car when the seller fix the maintenance and service. Then the company owns and take
care of the car while the customer dives it. The last PSS offering is a result-oriented PSS and
deliver the result, function or capability of a product to the customer rather than a specific
product or service [14]. An illustration example of that would be carpooling, car sharing, or car
renting, where the customer in this case only pays for what the car is used for, the transportation
distance [42].
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Figure 2.1 The figure shows the eight types of PSS classification. The level of product content in PSS
concept increases to the left.

PSS is also a business model and strategy that focusing on fulfilling the customer’s needs by
doing need-finding and thinking of what they really want. That is why it can see as a possibility
to gain sustainable advantages against competitors. This can be made by creating prolonged
and close relationship with the customer. In that way, the company can reach higher market
positions [24]. By creating more revenue through the life-cycle produce, at the same time
achieving sustainability by reducing the impacts on the environment, the main objective of a
PSS is fulfilled [15].

The business model canvas
A business model is something that all companies have, and when to map it the business model
canvas is a good tool to use. The business model canvas is also a tool that can be used to make
the foundation for the workers in a company, to have a mutual understanding of how the
company should be run. Without such a common language, it is difficult to systematically
challenge assumptions about a business model and renew successfully [15].
The business model canvas, well adapted for iterating Lean Start-ups, is a graphical notation
and describes a business model by having nine elements that is called “building blocks”. The
building blocks consist of: customer segments, value propositions, channels, customer
relationships, revenue streams, key resources, key activities, key partnerships, and cost
structure [15], see figure 2.2. By filling in these blocks, the topics will be prescribed in the map.
What is important to have in mind is what the problem is, the users, the factors relating to the
solution and interface with a market. The canvas requires iterations depending on how far the
company are in their process of developing.
The value proposition is the start and core point of the business model canvas, which is essential
to get right [15]. All the segments in the canvas there is a specific value proposition that creates
value for the customer. The business model canvas also describes the rationale of how an
organization creates, capture and deliver value [15].
6

Figure 2.2 The business model canvas template that many companies are using for making a business
model.

For anyone that understand what a business model actually is, the business model canvas gives
a good starting point for any good discussions, meetings or workshop on business models.
When everyone understands the model, it is easy to describe and manipulate business models
to create new strategic alternatives [15]. While coming up with a new idea in a company the
business model canvas is good to have in mind to be aware of what later steps might be.

Knowledge Enabled Engineering
Knowledge Enable Engineering (KEE) is the ongoing process and is increasable shifting the
scope from sell hardware to function. The purpose is to add value for the customer and to
focusing on the knowledge lifecycle [26]. Knowledge enable engineering collects and discusses
practices, methods and technologies for Knowledge Engineering (KE) that address needs for
the knowledge and are for those individuals that are working with innovation, design and
engineering. KEE expands KE, which is a well-established research area in computer science,
to embrace the broader perspective of how knowledge-based systems shall be integrated and
used in modern innovation processes to support, i.e. enable, engineering decision-making.
KEE are tools and methods that will help to support the PSS by sorting data [27]. Information
becomes knowledge once it is processed in the mind of an individual. Pattern provides a high
level of reliability or predictability as how the pattern will evolve over time. Knowledge
involves the mental process of comprehension, understanding and learning that go on in the
mind and only in the mind. However, much involve interaction with the world outside the mind,
and interactions with others [26].
Knowledge is needed to support the work of engineers and to make better products through
better decisions [28]. One way of understanding the concept of knowledge better is to precisely
relate it and distinguish it from the concepts of data and information, which are often used
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interchanged in practice. In figure 2.3 the knowledge pyramid is illustrated to give a better
understanding what it means.

Figure 2.3 The knowledge pyramid that illustrates the concept of knowledge. The data is the foundation in
this pyramid and is the first step. To get to wisdom information and knowledge must be proceeded to be
able to develop the wisdom.

Knowledge can be divided into four categories; structured, unstructured, explicit and tacit
knowledge. The structured knowledge expresses numerically by algorithms or rules. It is
repeatable across projects and it can be represented graphically. Unstructured knowledge is
more qualitative and is communicated via social interactions. Explicit knowledge is expressed
in words or formalized in mathematics, logic, etcetera. It has been or can be articulated,
codified, and stored in certain media. The tacit knowledge, however, can be hard to express or
even to be aware of. People carry it in their mind, and is, therefore difficult to access [29].

Systems engineering
Everywhere in society today, there are many systems that interfere and interact with each other.
These systems are usually very complex and have many components – hardware, software,
people, machinery, buildings – and many stakeholders with requirements to meet. To be able
to handle these systems, System Engineering (SE) is used to give a better perspective on the
reality. The essence of SE is that it combines technical, interpersonal and managerial knowledge
and skills. To be able to do that there are principles, tools and techniques of a multi-functional
approach to increasingly complex systems planning [30].
System engineering is a process, a perspective and a discipline that concentrates on the design
and application of the whole system as distinct from the parts. It involves looking at a problem
in its entirety, considering all the facets and all the variables and relating the social to the
technical aspects [30]. By using SE, the risk of new systems and modification to complex
systems that nowadays is a must will be reduced. Complexity and change have escalated in our
product, service and society and need to be taken care of. Complexity can lead to unexpected
and unpredictable behaviours of systems, hence, one of the objectives is to minimize
undesirable consequences [30].
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Many of the systems in the society are on different levels; individual, team or organization
level. On an individual level, the human brain, although very efficient, is limited in the way it
can process information – i.e., handling complex systems. On a team level, the human ability
to exchange information between peers and “collaborate” is impeded by distance, culture,
working attitude, etcetera. On an organizational level, social, political or organizational
phenomenon can bias decisions in a way that choices are no longer “rational” [30]. All these
levels interact with each other, even without knowledge. This means that a chain-reaction will
occur if one of the systems fails.

Material flow on construction sites
Berglund [35] writes in his report that on today’s workplaces, example construction sites, are
lots of waste of time and money when it comes to looking for materials. He uses the word
“waste time” that means time that does not give any value to the product, customer or company,
and that becomes a cost for the company instead. This time, waste time, is included in the daily
work and usually gets forgotten because many see it as the daily work. Berglund looked at
building business and wanted to highlight for the workers that by doing a better planning of the
work area they can find the things and material easier so they do not need to go and look for
them. He wanted to observe how they do their material handling to today and what things that
they can change to be more effective in their planning and handling of used material can be
reduced. One of his questions were if in general, by a more careful planning, the handling of
material, wasting waste time and thereby making an economic gain. What Berglund found is
that by engaging the staff in the process around the planning, educating and informing about
“bad planning”, and changing the way the workers think today and then give examples of that
changes can do will reduce the material handling. He also expresses that the workers can do a
lot by themselves so old bad habit must be changed to be able to save time and money in the
material handling area.
In their paper [36] Fridhed and Bengtsson investigated the difference between transporting
materials within factories manually or with autonomous forklifts. The authors see negative
impacts on the work and cost by having manual material transport, because many times material
must be moved long distances within the factory which needs a working transport system. This
system must work and be maintained, otherwise the production will stop. This system takes
place and cost a lot of money. For this transport system, staff will be needed so they can
maintain these machines and make sure everything works well. Fridhed and Bengtsson mention
another scenario where the factories are using forklifts instead. These forklifts are controlled of
drivers, and the drivers cost money and they increase the risk of accidents. The two scenarios
mentioned have flaws and companies today tries to work around them. By doing analysis on
today’s situation, the authors collect data and find that the best option for the company that they
worked with would be to use autonomous forklifts to minimize time and cost. They mean that
the impact on the material handling will make that they can do most of the work a worker did
before the forklift can do by themselves. With autonomous forklifts, the material will be
transported more effectively, but the material will also be more organized due to the different
sensors that will be placed in the area.
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Carlsson and Lindhe have compared in their report [37] that there is not so much that has change
on construction workplaces today and ten years ago. What they wanted to find out was how the
Lean concept can be used in material handling on construction work places. After doing
observations and research they found out that the area in focus needs structure, standardization
and Lean-culture. To get a better structure the material containers or storages must have better
structure. There should be one person that oversee a good organization there. To get a good
storage structure on projects, it is important to reduce the variation among consumables. Many
times, the different construction workers have different favourites when it comes to material.
That requires one package of all the different materials. To reduce this, some of the materials
should be standardize which opens to a more resource efficient workplace.
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3 METHODOLOGY
This case study and project is based on a real problem. When these kinds of problems are
explored there are a specific method or process followed. In this chapter, the scientific method
will be compared with the engineering method. That is followed by how the different data was
collected and analysed.

The design-process vs. the scientific method
There are many research methods to choose from, but which one that is suitable for a project
depends on what result is sought after. The design-process (engineering method), for engineers,
and the scientific method, for scientists, are similar but there are some important things that are
different. When studying science, a question should be answered and is also used to prove new
knowledge. Experimenting might help to answer the question. In engineering, the problem is
identified to create a solution to the problem. Sometimes the both processes can cross each
other, but usually if a new product, experience, service, or environment is created, the designprocess is used [21].

Figure 3.1 The scientific method and engineering method, the design-process, of the work process [21].
The main different is that in the scientific method a question should be answered and in the engineering
method a problem should be solved.

For this report, the engineering method of design-process is the most suitable because there will
be a product and a service created. To be able to get the result for the report’s problem statement
the design-process will guide to it.
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The design-process
In the design-process adopted for this report, there are four phases:
Initiation – framing the project, team bonding and planning
Inspiration – need-finding, tech watching and trend watching
Ideation – diverging and converging
Implementation – prototyping, prototyping and pitching
These phases are followed systematically [10, 16] but at the same time interacting with each
other, as illustrated in figure 3.2 below. The different activities in the phases are the general
one, but there are also other steps and tools that ca be used. The main thing is to find the right
one for the project in action. The phases are logical and feel natural to follow, but in reality, the
phases iterate and go back to other phases. That means that there will always be new things that
bring up new questions or information, so the project must go back to the phase before or even
to the first phase. Sometimes there might be a need to iterate many times before the project can
move on [10].

Figure 3.2 The different phases in the design-process. The figure shows that the different phases are
interacting with each other which is a natural behaviour in projects.

Initiation phase

The first phase is the initiation phase where the foundation for the project is made. It is here the
frame for the project is made and a “How might we”-question is chosen [10]. That question is
strived to be answer through the whole project and it should put the team into this certain
mindset. What is important is to create a question that is not too broad, because that will make
it too difficult to know how to start, and not too narrow, because that will risk inhibiting the
creativity. The question does not have to be fixed during the whole project, it can evolve during
the project.
Something that also is important to do in the initiation phase is to get a good relationship
within the group. Some team bonding is recommended to do because people in the team might
work with people that they have not been working with before. According to Johansson and
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Larsson [10] it is important for the team to know what is expect from each other and make sure
that everyone have the same goal and expectations. When a new team is formed, all persons
will take a role, intentionally or not [31]. It is also important to hand out roles within the group,
so the team know who is responsible for what. It is also good to know who is responsible for
what to resolve and act if there might be a misunderstanding or conflict. That is also good to
know when different kind of decisions must be taken. Many conflicts can be solved with good
communication. That is why it is good to early in the project make sure that everyone within
the team knows how to ensure effective communications.
People tend to work better at the office by having team bonding because being social and
making friends in the workplace is one of the best ways to increase the productivity. By doing
team bonding activities people get to know the people they will work with, their strengths and
weaknesses. Also by doling something fun during the team bonding they will be motivated and
get a feeling that they have fun together and this can increase the communication because they
feel it is easier to talk to each other.
In the beginning of the project it is good to frame the project with planning. The thought is to
do a planning that both have short and long-term goals and plans. One good tool to use is a
Gantt chart [17]. The Gantt chart gives a good overview of when the different goals that should
be accomplished. While doing the planning it is important to think of short iteration cycles,
daily coordination sessions, all members are included, and try to set out how long time every
task will require and in what order the task should be done [10].

Inspiration phase

In the inspiration phase, the users and customers of the product or service should be explored
and identified. To do that a need-finding analysis should be done. Need-finding is important
because when a need is identified, many solutions for it can be found, even in the future when
solutions might not be suitable anymore. At that point, new solutions to the need can be created.
Needs are also a spur action and a map for development [10]. Just like Faste writes [40], there
are many ways of doing need-finding and how to get the information that is needed. First there
are some preparations that needs to be done. To be able to find needs, it must be clear to know
what to look for. It is important to not look for solutions but look for needs that the customer
might not know yet. It is also good to know what is required and know who to contact. One
other way of finding needs is to observe the user and try to find some signals of what they are
missing or would like to have changed in that certain moment or action. Many times, a small
change needs to be done, but in some cases, there is a need of a total change.
One important tool for finding needs is interviewing and go out in the reality where the product
or service should be used in. Interviewing can be made with one specific person or in a group.
While doing an interview with a person it is important to be prepared [19]. The questions should
be open, so it allows the interviewee to open up and answer after how they think the questions
should be thought through. Those who interview should not be more than three team members.
If there are more persons in the group, the people being interviewed might feel overwhelmed.
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The team members that are doing the interview should each have one role. The roles should be
interviewer, note taker and photographer. The starting questions should be broad and personal
to the person being interviewed. This makes it easier to understand who they are and what they
could help with in the future. All information that is gathered must be written down in a proper
and right way. The answers should be written down exactly what the person said, which means
not how the interviewer thought they might have meant. Sometimes it can be helpful to record
the interview, but make sure the person is aware of it and approve it. It is not just the answer
that is important while interviewing. The body language also says a lot, because then it is easier
to understand how they are feeling and why [19]. As a listener, it is also important how to
respond and act. The best way is to be and do the same as the person that being interviewed.
Eye contact and smiling is something that make the person that are being interviewed feeling
that they are heard and that he or she gives value. Longer pauses in the conversations is not bad.
The pauses give the person more time to think and express.
By doing a group interview, there will not be the same depth of details as if there was one single
person. It is good to have group interview to get smart quickly in the situation that is required
[19]. Make sure everyone says something so not just one person all the time.
After identifying the area the project is in, and how the situation looks like today, it is time to
identify and understand how the market looks like and what social trends there are. This is
called trend-watching and is about understanding how markets are likely to change in the future,
but also see what others are doing. Together with trend-watching, a tech-watching is good to
do. In tech-watching is about trying to understand the technologies that is on the market and
what the technologies can do. It is good to be curious and explore everything that is out on the
market. Sometimes it is good to also look into areas that are outside the own area to get
inspiration.

Ideation phase

The ideation phase is when the project starts to diverge and later convergence. Why this is
important is because before picking a solution, there need to be some creativity freedom so that
better ideas create. All the information that has been collected during the inspiration phase
should now be tested and used.
In the diverge part, feeling should be curious and go from “what is?” to “what if?”, go from
insights to ideas [10]. The ideas can come from different tools. Brainwriting, six-thinking-hats
and brainstorming are three of many tools.
The goal with brainstorming is to have good ideas, but to get those there has to be many
iterations of the ideas. A rule that is good to keep in mind while doing brainstorming is to not
say no. Instead of saying “but” after an idea, it should be “and” instead to encourage further
ideation, otherwise the design freedom will be killed. Also, no idea is too crazy. From crazy
ideas, logical ideas pop up [19]. Sometimes, after a while it can be difficult to come up with
new ideas. Then it can be good to build on others, but always try to stay to the topic of the
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brainstorming session. To make it easier to build on other’s ideas it can be good to draw pictures
instead of explaining with words. There is a saying that says, “A picture says more than a
thousand words; a prototype says more than thousand pictures”, that many realize when they
explain the idea after the brainstorming session. It is much easier to explain something in action.
In the diverge part, it should be as many choices and ideas created as possible, so a selection
can start, and the project starts to converge. To take away the bad ideas, concept screening and
scoring are good tools to use. It is performed with help of a Pugh matrix [20] so a winner can
be scored from the needs instead of the members feelings and thoughts. But it might not always
be the winning idea that is the one that the group chose to go further within to the end. To know
what idea that is the winning idea, the customer needs should match with the idea. If the idea
does not match, the idea with the second highest point might match better with the needs and
that is the one that the project should chose to go further with.

Implementation phase

After selecting some concepts to go further with the implementation phase starts. Here the ideas
getting tested. The idea, or ideas, that got selected from the Pugh matrix concepts should be
physically created. A concept is a bundle of ideas that are has been refined and should now be
tested.
It is also important to be able to “kill your darlings” from the brainstorming session. Like
Johansson and Larsson writes [10], the project is still in a relatively cheap stage when not so
much money has been spent, so it is important to explore as many ideas and concepts as possible
before it is getting expensive to make mistakes. But failure might not always be a failure, there
are learnings to gain from them too. There should not be any emotional attachment to the
prototypes because it is not towards the creator the idea was not picked, it is for the project and
the customers. The different kinds of prototypes do not have to be expensive or complex. Just
like Brown writes [16, pp. 87]: “In another health care project, IDEO helped a group of
surgeons develop a new device for sinus surgery. As the surgeons described the ideal physical
characteristics of the instrument, one of the designers grabbed a whiteboard marker, a film
canister, and a clothespin and taped them together. “Do you mean like this?” he asked.”. This
shows that it does not have to be difficult to show others the idea. The prototype does not have
to look good, it main thing is to understand the function and thought behind it.
After having a prototype, it should be shown for the users. One way to do that is to show a
storyboard that explains how the prototype or product will be used and what functions it has.
One other way is to pitch the idea. The pitch is a short way to communicate the solution to the
problem. It is good if the people can try the prototype and feel how it is to use it. This prototype
should be better than the previous one because this is how the user will think it will look and
functional. Most important, it is on this prototype they will give feedback on, not the one that
that is tried to be explained [16]. After collecting information from the testers, an iteration phase
starts that will improv the prototype until it is ready for more tests and later to manufacturing.
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Data Collection
As mentioned above, there are four phases that has been completed in this project. The second
phase, the inspiration phase, is about exploring and identifying who the users and customers of
the product or service are that the solution will develop for. To be able to do that a picture of
how the situation looks like today and what is going on must be clear. This will create a good
base for the next step.
Finding information can be done in different ways. In the sections below, the ways of gathering
the main data collection for this project is presented.

Literature research
One important way of collecting information is from different databases. BTH has a profile that
specialize in this topic and has a database for scientific articles, Diva, which make this database
most used.
The research was mainly done, as missioned above, by reading different papers and reports. To
find suitable papers to read there was some specific words or phrases that were used. The words
were: sustainability, PSS, tracing, organisation, environment, construction site, logistic,
tracking, urbanisation, sustainable product development, autonomous, and future construction
sites. The topics that were most interesting were about sustainability and construction industry,
because that was the aim for the finished product.
At BTH there are some professors that are specialize in sustainable product development.
Because of that, they have been a good source of information, mainly my supervisor Christian
Johansson, that is lecturer at the Department of Mechanical Engineering at BTH. From the
information that has been collected from other medias, example articles and books, the
information has later been evaluated together with different professors at BTH to compare and
interpret the facts. Many times, the information that has been collected from field works, see
chapter 4.1.1, been discussed, and some selected values has been interpreted.
Other ways of doing literature research is to find other articles by Google Scholar where the
offer of articles is larger, and books, both online but also borrowed from professors and library.
The method of selecting information has been different depending of what phases the project
has been in. The analysis of the information has been careful at the same time critical. Many
articles have same source of information which makes it is important to know where the first
information is based on.

Field work
One good way of finding out how something works is to go out in the real world to observe and
try things. Field work allows to experience and find out things and facts that the books or
internet cannot.
Many times, companies are very helpful when it comes to work that has something to do with
their business or area, but at the same time it is important to be aware what they say. They want
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to give a god impression of their company and what they are doing, so many things they say
will be commercial and angled.
The best way of getting a good visit with useful information is to be able to get a shown tour at
the company. In that way, a personal opinion and reflection, over the information that was
collected from the company, will be created.
To be able to remember everything it is good to take pictures, if allowed, and record possible
interviews. One other good way is to be able to have a mail or phone contact after the visit, with
the persons that gave the tour, so that they can answer other questions that might appear after
the visit.

Interviewing workers
During the field works, there was also interviews held. The interviews were specially made for
the people or the place that was visited. In Appendix 1 the questions are presented and in chapter
4 the answers are summarized.
By doing interviewing, a different kind of picture of the situation might appear comparing to if
it was observed with own eyes. The expertise is something that only the people working in the
environment can give. Usually they also can give inside information, things that cannot be
found elsewhere.
The interviews should be questions that open up for discussions and new questions, that means
that “yes and no”-questions are not recommended, also called semi-structured interviews. The
strategy for the interviewing that was held was to get a general picture of the company that was
visited and what kind of machines that used. On some places, same questions can be used,
because that can give some value for the result, but the best questions are the one that are
customized for the company. To get good questions it can be good to do some background
check on the place that should be visited.

Analysis of data
During and after doing interviews and fieldwork, everything must be documented in a way that
is easy to understand and remember. If the interview was recorded, it should be reviewed, and
the answers should be transcribed. A disadvantage with recorded interviews is that it takes very
long time to review, but that might be a must if the interview is held in a group and the interview
is long.
If there were pictures taken during the visit, they should be categorized, dated and named,
because it is very easy to be confused after being on different places, and similar places.
One way of doing a good documentation is to write a logbook after every visit or work day. In
that way, memories and thoughts that might be forgotten during the project will be saved. The
logbook can be written as a diary, if there is a need of opinions, but otherwise it is enough to
write a summary of the day. Many times, there are important details that get lost because of
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poor documentation, so it is good to do the documentation during and immediately after the
visit or observation.
Analyse data can be done in different ways, depending of what result is required. For this
project, data has been different analysed depending of what phase the project has been in. It
was especially in the ideation phase where the findings were really analysed, since there the
data really could be compared to the needs. One example would be to see if the ideas fulfilled
the needs and requirements. This can be measured with different tools, but the important thing
is to make sure that all the information that is needed also is collected and documented in the
right way. The right way is different from case to case. That is why it is important in the
initiation phase to plan what kind of information the project need, so that everybody in the
project group is prepared to document the different findings it the way it is required.

Workshop
After being on some field visits, and the project starts to move to the ideation phase, a workshop
can be a good way of see how a certain group of people react on different scenarios.
Before doing a workshop, the project group needs to be well prepared. Before the workshop the
group needs to define a goal with the workshop, what they want to find out and gain from it.
There need to be a centre of the discussion later during the workshop. They also need to think
of who they want on the workshop. It is very important to pick out a representative group that
will be able to fulfil the tasks. Many time it can be good to choose people from a special branch,
so they have an idea of what the project is about, but they do not have to do a specific job within
the branch. In that way, the data will be quite diverting, but at the same time, ideas will come
from different points of views. After chosen who will be invited to the workshop it is time to
make sure that all the practical thing will be prepared, such as location, decoration. This is also
very important because the decoration might affect the guest in creativity and interest. Other
important things are to make sure there are some prototyping materials, some snacks and drinks,
and an agenda where the schedule or a plan of the workshop is. During the workshop different
people can have different roles to generate more creativity. Sometimes it can be good to make
people have roles that they usually do not have.
During the workshop, the main thing is to getting people involved in the workshop and make
sure the testing group knows what they should do. There might be different kinds of people in
the groups, so it is good to have activities that are of different kinds. This is because everyone
learns in different ways, and everyone finds it easier to express themselves in different ways.
What is important to notice is that the formed groups should contain a heterogeneous group of
people, because that is a proven way of a better functional group [31]. The groups should not
be to large either, because then everyone in the group might not take space or have it hard to
express themselves.
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Prototyping and testing
When coming to the ideation phase, the collected data should be converted to ideas, and later
prototypes. There are many ways and tools to use when it comes to this phase in the project, so
what is important is to find the right one that will bring out most of the project group members.
There are different kinds of versions when it comes to prototyping [32]. While doing
prototyping, it can be dividing in two groups: quantity and quality. In the first part of
prototyping the main thing is to test different concepts the group came up with in this phase.
Here the idea should be tested and get a more real picture of it. The prototype can be very simple
and stupid. The main thing is to see, touch and feel it, and then be able to compare with other
prototypes to see which one is better than the other. After putting the prototyping for some test
and valuations there are some of the prototypes that will continue to the next step. Here the
ideas will be improved and more detailed. This selection and improvement will go on and loop
until the prototype matches the needs that was set in the initiation phase. If the prototype does
not match the needs at all after all selections, it can be good to redo or iterate some of the
previous steps.

Sprint challenge
In order to be able to focus on a specific task, a sprint challenge is a good way to converge and
see result fast. A sprint challenge is a five-day process that helps teams focus on one big goal
and move from idea to prototype to customer research in a short span of time [33]. The thought
behind the sprint challenge is to go fast forward with the project and to get reactions from
market by see how the end result might look like.
The first step in the sprint challenge is to start from scratch. Someone should be in charge on
the schedule, there should be no devices or other things that can disturb, clear the calendars,
and book customer interviews, make your own decisions, and let data work as guidance. Many
times, it can be hard to prove a point or show a functional of an idea. Then it is allowed to “fake
it till you make it”. That makes it easier for others to understand the situation. [33]
Next step is to go back to basic, look at fact and how the reality looks like. Common tools here
are bench-watching, tech-watching, and need-finding. What should be found here is how other
solve the same problem and what technologies are on the market.
When there is a ground of what the market has and what the customer needs it is time to generate
ideas, also called ideation. For that there are many good tools to use [32]. Brainwriting is one
of the tools that works well here, since pictures many times are easier to understand than words
when it comes to explain an idea.
Many ideas have now been generated and a winner must be selected by an evaluation. That can
also be done in different ways, depending of what the focus is. The winning concept should be
presented in a way where others, example customers, can understand the concept. A storyboard
is often good to use here. Then the main functions and details will be shown. From this a
prototype will be created.
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After the porotype has been created and upgraded, so that it shows how it will work, it is time
to test the prototype in reality for some protentional customer. Since the sprint challenge just is
during a few days, the meetings were booked in the beginning of the sprint. The feedback and
observations should be documented and be evaluated after the meeting.
What is important to remember during the sprint challenge is that not put too much time on
each step. It should be fast decisions but thought trough. The main difference between a sprint
challenge and the design-process is that the sprint challenge is much shorter, 3-5 days, while
the design-process is much longer, depending on project. Importantly, with a sprint challenge
many good ideas can be developed and tested in a short amount of time, comparing to the
design-process where it can take months [34].
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4 RESULT
The following titles under this chapter will show the result from using the engineering method.
Under the following titles different data are collected, compiled, and used to come up with a
solution for the report’s questions.

The design-process
In a design-process there are many steps and tools to choose from. For this project, some
specific tools were selected depending on what result was required, example how to interpret
the prompt. Below, the results from the design-process is compiled.

Field work and interviews
This report is, as mentioned before, based on a project work that was made together with Volvo
CE. The following information was gathered and was used for this report.
To be able to know how the reality really look like some field work was done. Those were done
on three places in Sweden; Volvo Construction Equipment in Braås, Växjö Shipping &
Transportation (Växjö Frakt & Transport), and Cementa at Öland. These places are very
different from each other in both environment and business, but what they have in common is
that they all uses construction equipment such as wheel loaders, haulers and excavators.

Volvo Construction Equipment in Braås

The first visit was at Volvo Construction Equipment in Braås where they manufacture haulers.
There the whole manufacture process could be seen, from drawings and simulations to finish
haulers. To be able to get some information about how the process works an interview was held
with some employees. The questions that was asked are summarized in the Appendix 1.
During the visit, a good view of the whole company and area was seen. After arrival, there was
an interviewing held together with some people that are working with construction, marketing
and producing. These people were asked to answer some questions because the aim for the visit
was to see how Volvo CE is working today, how the vehicles are functioning, and to see how
the prompt, “From elephant to ants – from Earth to Mars”, would fit in.
One main thing that was found was that the haulers today are getting larger due to customer
wishes. This is because the market requires that. The larger the machine is, the more efficient
it is, and the cost of transported kilometre will be less. One other reason, why the haulers are
getting larger, is because there will be lack of power if the hauler getting smaller. If the haulers
are smaller the drives must dive back and forward many more times which cost fuel and money.
Furthermore, the smaller haulers cannot carry that much load either, and that is one important
thing to be able to do when the terrain is tough or the driver in the hauler is trying to avoid
accidents or problems.
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One other important detail that was found was that the haulers must be able to work and operate
in very extreme weather conditions. The conditions can be everything from very cold to very
hot temperatures, and from dry to very humid and wet conditions, see example in figure 4.1.

Figure 4.1 Volvo CE’s hauler in extreme muddy condition. The haulers must be able to operate in all
different weather conditions to be able to deliver the load.

As expected, the haulers are complex systems where every function brings a chain reaction to
something else. In other words, many of the functions on the haulers are standardized because
otherwise Volvo CE needs to make many different versions of one type of hauler. To make a
larger hauler is not the same as making a bus or train larger, where they can make them longer.
A hauler must be larger in all directions and dimensions to functional and be stabilized. When
vehicles are of the size of the large haulers, it is difficult to transport them on normal streets
and roads. That is why they usually are transported disassembled and be assembled on location.
That is to say, it is difficult to transport them back when the hauler is at its end-of-life. What
happens is that they are getting deposited at the place it has been operated. Many of Volvo CE’s
vehicles can be recycled when it comes to different parts of the vehicle, so they are
disassembling them and transporting them away from the site, but the other larger pieces are
sometimes deposited on place. The larger haulers are more used in America than in Europe.
Since many of their customers are using the haulers for the same purpose, like transporting
stones and sand, the need of varying sizes of haulers are not that large. It is very rare Volvo CE
needs to modify a hauler so it can fit the climate they should be functional in. One example of
a need of adjustment on the hauler is when the hauler should operate in very cold places, like
Siberia. The cold weather affects the engine where standard chemicals and oils cannot work
and needs to be adjusted. That means that large parts of the system must be adjusted due to a
chain reaction of one component that had to be exchanged.
Volvo CE wants to fulfil the customer’s requirements as much as possible because the haulers
are expensive machines and there is competition of the market shares. One of Volvo CE’s
haulers cost just as much as one truck. That also means that if one hauler breaks down it costs
the owner a lot of money in productivity. It does not matter what is broken, it is still a major
cost for repairs. To reduce some repair cost, that might come from bad handling of the hauler,
good and experienced drivers are a must. The machines could be autonomously driven, but it
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is not optimal when it comes to the different terrains, due to lack of power in the engine. Also,
the battery time is not that good and today the charging of the batteries takes a long time. Most
often the haulers are working in very tough terrains and conditions. To make the haulers
autonomous, the repatriation cost would reduce a lot because it is often the driver that breaks
the vehicle due to poor driving. Therefore, experienced divers are preferred. Many drivers also
see that driving a hauler is the top of their career.
The main finding from this visit was that if one hauler breaks down it costs the owner a lot of
money in productivity. This will later be connected with the first part of the prompt, “from
elephants to ants”.

Växjö Shipping & Transportation

This site and company was chosen because they are using Volvo CE’s machines. At this site,
they are mining stones and mountains to make smaller stones that are sold to other companies
where they, for instance, are used for roadwork. The main vehicles that they are using for the
extracting are haulers, trucks that can take 40 tons each, a drill, a machine with a hammer drill
and a crusher for the stones.
The haulers and trucks usually drive the same route every day but might sometimes change
them due to new areas to detonate and pick up stones from. Because of that this, routes could
be autonomous driven. The route is driven 8-9 hours per day and every week 15 000 tons are
moved. The area where the stones are extracted from is changed by expanding in all directions,
first expanding out in all directions and later down in levels. For this, a circular site would be
more optimal, according to the manager of the site. In that way, everything would go even
smoother. Why this is not done today is because of the design of the area where they are allowed
to extract from. Obstacles that can stop the flow would be bad weather conditions, such as
frozen roads. That makes it more difficult for the haulers and truck to go up the hills. To prevent
slippery road a lot of salt must be used. If the roads are broken or uneven the risk is for stones
from the flatbed would fall to the ground.

Figure 4.2 An overview of where Växjö Shipping & Transportation extract their stones from.

The risks on this kind of sites are larger than normal constructions sites, because they are using
explosive chemicals to detonate the stones. During and after the blast, stones in different sizes
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might fall on workers and vehicles. One risk is that the explosive chemicals does not react as
planned so it must be done manual. If that would happen a hauler with explosion proof widows
must be used. It is also a risk to work with the hammer drill because it is using a vibrating
motion to break the stones. That makes it difficult to control in what direction the stones and
the pieces shatters will go. Because of that, the crusher is placed in a secluded place on the site.
In general, many mistakes and accidents can be avoided by having better communication.
Today the communication on the site is though radio communication. It is very rare there is
miscommunication on this site because many of them have worked there for several years and
know each other and the routines well.
This company is not just blasting stones, they also install water and draining system. For doing
that they are using different kinds of measurements. Two of them are GPS, Global Positioning
System, and GPRS, General Packet Radio Service. They are used because they can show exact
positions and send data to mobile phones and other handheld devices. GPRS is also used to see
patterns of usage and productivity. This is a need because many of the places they are working
in are distance places. The GPS has an accuracy on 5 cm and the satellite sends signals to base
station all the time and to the machine. In that way, the maps are continuously updated. The
GPS works well, except when the sight up is covered. To make the signal work all the time a
station, also called a total station, is used to receive a better signal. That station must be moved
all the time along the work is moving, which sometimes can be hard.
The main findings from the visit was that this kind of work can be automated since the work
slowly are moving forward and because it is the same routine that is driven all the time. Also,
this kind of place can also simulate a remote place the can cover the second part of the prompt,
“from earth to Mars”. The hints that were gained here were that smaller and autonomous
haulers would be useful.

Cementa

Cementa is a company that extracts limestone and produce cement. The company is located at
Öland. They also use Volvo CE’s machines. The machines that they are using today are wheel
loaders, trucks and haulers. The tasks for them is to transport limestone from the excavation to
the crusher. The system is similar to the one at Växjö Shipping & Transportation, and many
similarities can be observed.
Cementa has thoughts of making part of the process autonomous, such as the halers. This is
because their work is very static and they drive the same route all the time. It is not just the
haulers that can be improved. Cementa also thought of making other parts of the process
autonomous and electronic to have a more even flow of material. If they can do that the crusher
working on all the time and they might have a better rate of the production. Instead of making
the process autonomous the vehicles can be upgraded. The haulers cannot just be larger because
the crusher can only take up to a certain limit. Therefore, many smaller trucks might work to
keep the flow constant, but only if they are autonomous, because otherwise they must hire more
staff. One problem with the layout of the process is that the crusher is placed where it is today.
This is because the factory was built at Öland in the end of year 1800, and the excavation has
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slowly expanded on that place. Now the place has expanded quiet much which creates
problems, but also opportunities. Today Cementa plans to use the excavated areas to something
useful for both humans and animals. This is an important step for all companies like this to plan
for area that is left behind and cannot give any value for the production.

Figure 4.3 The figure illustrates how it can look like after finished excavation. The area has naturally been
filled with water and there are plans for how it can turn to something positive for the environment.

The communication on the site is similar with Växjö Shipping & Transportation, as they are
also using radio communication. The communication is usually with the control centre. In the
control centre, they can see everything that is going on. In the process of producing the cement
there is a station where heat is used. The temperatures are so high that no person is working
there, which means that everything is controlled by a computer. If there is a problem at that
station other stations in the process will be affected. That is why it is important to have a good
and clear communication. If something happens in the production line, it will be showed in the
control centre.
The learnings from this visit was that a place like this needs some kind of transportation line
that can be expanded. At the same time, it should not affect the surroundings to much if the area
should be able to be used later in environmental purposes.

Workshops
Before prototyping, a workshop was held. One important thing that was found was that the
haulers must be able to operate in very different weather conditions. Also, some of the workers
explained during the interview that many times it is difficult to use and operate the machines
when the weather is bad. The temperature during summer makes it very hot in the vehicles, but
the ground is good to use. At winter, the vehicles keep a nice temperature, but the ground is
wet, slippery or covered. That makes it sometimes difficult to control the vehicle. Another
reason for choosing weather condition for the workshop was that weather is something that
everyone can relate to. Most adults have a driving license and knows that in different weather
conditions it can be difficult to manoeuvre a car.
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The workshop purpose was to get other people’s point of view, people that are working in the
design-process and industry area. The workshops’ focus area was to find new solutions for
vehicles that are operating in different weather conditions. There were four extreme weather
conditions that the participants had to work with: rain, snow and wind.
The preparations for the workshop was to make posters so that the participants could look at
them and to be reminded of the task. The room was decorated with inspiring things connected
with the task, some drinks and snack to get some energy, different kinds of prototype materials,
and whiteboards and pens for sketching and notetaking. The guests that were invited were some
professors from the university, people from the different fieldwork excursions and people that
are working with the design-process. The mix of different genders, professions, ages and
educations are important to get a good and functional group. That is because they can bring
different experiences to the ideas and in that way help and inspire each other.
The workshop session was divided in several parts where the participants got different tasks.
One task was to plan from idea to finished product with a tool that is called “10X Exponential
Canvas” [43]. That tool shows when activities should be done and how much that will cost. It
should not be so detailed, just so that there will be goals and know what they mean. After that,
they had a brainstorming session with one weather condition to get started with the thinking
and get some ideas for the next challenge that was to do one more brainstorming session, but
this time they changed group and weather condition. The next task was to do a prototype with
the material they could find in the room. This is to be able to show the other teams and the
leaders in a better way how the solution would work.
The findings from this workshop were interesting. The project members had from the beginning
some ideas of how to solve the weather condition problems, but the results from the workshop
was interesting and different. Also, to see how the participants worked in a group gave an
insight of what the project group could make better or use.
How to solve the different problems was solved in different ways. One group that was working
with snow was thinking of changing the weather instead of the machine. They came up with an
idea how to melt the snow before the machine reached the work area. The wind group was
thinking the opposite, to use the wind for their winning by changing the outside of the machine
and also use the wind to create energy. The rain group chose to absorb the rain in the drum on
the steamroller that they used as machine. The workshop session was finished and the ideas that
was created during the workshop were something that the project group chose to have in their
mind when their brainstorming session came.

Prototypes
So far in the project there was no chosen area to continue to work with. The different areas that
after all tests, interviews and fieldworks were: weather conditions, organizing construction
sites, modify the vehicles, create new machines that will complement the existing vehicles,
change the mining site, change the material flow, and compare “elephants vs. ants” (larger
machines vs. smaller machines).
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After having the workshop, the weather conditions were put into testing with prototypes. The
approach of how to attack the problem was to help and protect the workers from the different
weather types. A design-process started and the concept that was chosen to test was to try to
cover the site with a portable umbrella like machine that would cover a part of a site where the
workers are the most active in, see figure 4.4, 4.5 and 4.6. After doing testing on the prototype
some problems occurred. The pros for this solution was that it would protect the workers from
sun and rain very well. It is also portable, so the workers can move it when needed. The cons
are that because the portable umbrella is portable and are tended to be on a construction site it
can be difficult to install it at the site. That is because it would be difficult to attach the corner
poles in the ground because often the ground is not flat or there might be different stages of the
construction work going on so that different works have to share the same space. That means
that this solution only can be used for some specific works, and that would not fit the prompt
that was given.

Figure 4.4 The figure represents the portable umbrella machine that was created during one of the
prototype sessions.

Figure 4.5 This figure also represents the portable umbrella machine, but an iterated on. It contains more
details and shows the dimension of the concept.
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Figure 4.6 This figure is the final prototype of the portable umbrella machine and show how it would eb
operated in reality.

Another prototype was made but was aiming to see if modularity or precision when it comes to
material flow would solve the problem. Since construction sites constantly changes, a solution
that would be stationary might be difficult to use. A new loop of the design phase started and
two prototypes were made. The first prototype showed how an underground conveyor belt can
transport materials and vehicles underground, see the left model in figure 4.7. This solution
would be good if the construction site should be at the same place for many months or years,
and when the constructions are finished the building or place could use it later. An example on
that would be a large arena or mall with garage. At the same time, this means that the solution
does not fit every construction site. That is why the other prototype was placed above the
ground, see the right model in figure 4.7. The solution would have poles placed in the corner of
the site and have wires connected between them. Hanging from the wire, there will be a bucket
where material can be place. The solution would be more modular than the previous solution,
but it is large and dangerous to place things above ground. If something goes wrong or breaks,
materials will fall on people or things under it.

Figure 4.7 The prototypes of transporting material under the ground, the model to the left, and above
ground, the model to the right. In the left model, the four squares symbolize holes in the ground. The
yellow bucket in the air, on the right model, transports the material.
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Due to that the other prototypes did not fulfil the prompt and that there were many things that
might make it more difficult for the workers, the problem was approached from a different
view. The new area was a mining site. During the field work a mining site was visited. There
the interviewee explained that many parts of the mining process could be automated, and
autonomous vehicles could be used. By having that in mind a new design-process started. From
the brainstorming session one idea stood out more than others, and a simple prototype was
made. In this prototype, there was more focus on the prompt; elephants to ants. Instead of having
e.g. three haulers that come and pick up the detonated stones there could be smaller haulers, but
nine of them. By doing that there would be a steadier flow of the material to the crusher. These
smaller vehicles would be placed under the area where the exploration would be hold. In that
way there would be no need for a wheel loader to load the different haulers because the stones
would come straight in to the haulers. The first thing that was tested with the prototype was to
see how an explosion looks like. After using simulating an explosion the first problem occurred.
When something explodes the material is not even distributed. For this solution, it means that
some of the haulers would have more load than others, and that would not make the material
flow to the crusher more even. Also, the force that the stones have when they hit the ground is
so large that it is difficult to have a vehicle that can take that force.
To get a better perspective on how large or small the solution is in the reality, a mini site was
build, see figure 4.8. That site could be used to put small prototypes on to get a better
understanding of how the reality would look like, dimensions and what disturbing events might
occur every day.

Figure 4.8 The figure shows the prototype of the mini site that was special made for one concept, but
became a good way of showing other prototypes on. One example is the prototype in figure 4.6 above.

One prototype that gave inspiration for the final solution was done during a sprint challenge.
Again, a new design-process was made, and after having some interviews with some smaller
local construction sites the managers described that some kind of overview of a site would be
good. The solution for that problem was to use a drone that can see tagged items from the sky
with help of a camera connected to Wi-Fi, so the manager can see what the drone sees on an
iPad. To be able to use drones today, it requires having special permits and that the weather is
good. Even though the weather is bad the workers are working, but then maybe the drone cannot
functional. If that is the case the manager cannot track the different items, and that would be an
expensive and unreliable tool.
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The Trace Tag
The research showed that the main problem that construction sites today feel is that it is difficult
to keep the site structured and organized, and in that way more efficient. Many companies tried
to create a new system to keep it better organized, but because many times construction
companies are working together with others it is difficult to keep it organized. At the same time,
different companies have different systems and rustiness, which can cause irritation or
confusion. Because of that there is a need of be able to localize their items and materials in an
easy way. From that, an idea grew, and the Trace System and the Trace Tag was created.
The Trace System has three main components, shown in figure 4.9, that ultimately empower
general contractors to have a more organized and efficient worksite:
1. A hub unit that is used to charge the tags and push information about the material to the
tags
2. A tag that is attached to material as it enters a site, and then uploads its location to the
cloud
3. An application that construction workers and managers can use to receive the location
information in a useful manner, which includes a system that allows area to be reserved
in space and time, and a path planning feature that intelligently finds the most efficient
route around obstacles.

Figure 4.9 The concept of the Trace System, showing from left to right: (1) the hub station for information input on
the screen above, with devices charging beneath (2) a Trace Tag, (3) the Trace Application showing a route.

The system can be broken down into three main steps of use. First, most building materials
come to a delivery dock on a worksite, a convenient place where the hub would be placed. A
worker would scan a barcode on the tag to identify it, and pick the delivery from an online
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database to associate it to the tag. Next, they would place the tag onto the material. The tag uses
a Velcro strap to make it attachable to the four main modalities of storage on a construction
site, which cover the vast majority of use cases (pallets, sheetrock carts, concrete buggies, and
pipe bundles). Finally, once placed, the tag operates for months to track material location data
and upload it to the cloud using GPS and a GSM, respectively. Managers can then use their
tablets, a common tool used on large and modern construction sites, to better plan where and
when material should be moved on site, empowered by live tracking information. More about
the Trace system is available at [39].
After prototyping and building some tags, the system had to be tested in a real-life scenario. At
that time in the project the whole project team was gathered at Stanford University in California,
USA, where data also have been collected. The construction sites in USA are also much larger
than in Sweden. The larger a construction site is the more complex it is, and the more complex
a site was the more there is a need to organize material, personnel and machine flow. For these
reasons, an American construction site was a good candidate to test the prototyped tags. The
site where the tag system was tested was a large construction site, where a new section on a
hospital was build, that was in the middle of their project. On the site, there were many coconstructers and they were all in different phases of their works. Some of the workers had to
wait for other workers to be finished so that they could start on their tasks. That was some of
the problems that was identified before.
To be able to get feedback on the Trace Tag from some of the workers a few of the tags were
place on some chosen materials. One of the site managers tested the system and gave feedback.
Feedback:
Tag:
•
•
•
•
•
•

3-4,5 meters accuracy would be great.
Preferably one size fits all for the key storage modalities: pallets, Georgia buckets,
sheetrock carts, pipe bundles.
E-ink would be nice as a screen, because it can display info with screen and not using
power.
Device should be construction site-proof, e.g. robust and water resistant.
With 40-50 deliveries a day: hundreds of devices would be needed to be in circulation
so a price of $10-30 per tag would be reasonable for adoptability.
Plan for charge to last a few weeks, preferably at least a month.

Application:
•
•
•
•

Construction planning uses grids of numbers and letters to identify grid spaces.
Construction companies would love this technology if it shows increased efficiency.
A general contractor could define certain grid areas for reservations of different types
of items at various stages of project.
Filtering by "time item has not been moved" would allow general contractors to
identify material that should be stored off site to save space.
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•

Managers are already used to applications that show construction site models (such as
BIM and AutoCAD imports) so this would be happily and painlessly adopted.

The hub:
•
•
•
•
•
•

Sub-contractors already have their own robust "Nack Boxes" for their tools and
computer systems; try to make something similar for the devices.
General contractors also have a box with a computer used for inspection info.
Charge lots of devices without cable mess.
Input information for tag needs to be simple and quick.
Workers often unload the delivery, so assume they can enter tag details without a tablet
which generally just managers have.
Subcontractors already have their BOMs and the vast majority of stuff delivered to a
site is decided through submittal forms and 2-3 main suppliers, so a lot of the delivery
information can already be coded in and easy to select to send info to tag.

The feedback that was collected was used to improve the system. After gathering the feedback
and been able to the system functional in real-life the project went back to the inspiration phase
and tried to find moment on construction sites where different actions that are waste.
Information was held from earlier interviews and field visits, and it resulted in that there are
many wastes on construction sites that is good to have in mind for the improvement of the Trace
Tag. One worker gave some tips to look into a website where that they use to improve time
waste, [26]:
•
•
•
•
•
•
•

Waiting waste: delays, inactivity
Motion waste: extra steps that does not gives value to the product
Over-processing waste: unnecessary steps, double-handling, double-checking
Over producing waste: producing more than needed, stocks
Transportation waste: unnecessary movements of material or products
Inventory waste: excess inventory, unwanted stock
Correction waste: defects, corrections, reparations

Many of these wastes was something that the people that been interviewed also explained. After
having the feedback from the user and interviews, the system was updated and tested again.
From the feedback, new iteration of the prototype will be made, and the final product, see
number 4 in figure 4.10, will be a chip where no energy is needed.
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Figure 4.10 This figure shows what the next development of the Trace Tag would be.

After doing some improvements, the project was finished and presented. The following under
chapter describes the tag and system more in detail, and the PSS solution behind it.

A PSS solution for today’s and future construction sites
The Trace Tag is a solution that can be implemented on construction sites, both today and in
the future. Today’s Trace Tag can be used as a first step to make the autonomous site possible
and can sees as a transition phase for the future. In the future the tags can guide the autonomous
vehicle on remote places by showing where the items are. To be able to implement and use the
tags in the future some changes must be done.

A PSS solution for today’s construction site
The Trace System uses three components to ultimately show workers and managers information
about where material is spread throughout a site, and to reduce sub-contractors from coinciding,
reducing downtime and costly mistakes by better planning [39]. The end goal is that all
materials on a site should be tagged with information of what it is, who is responsible for it, and
that it is mapped in both space and time.
This system can be adapted on both organized or unorganized sites. To put the Trace Tag in a
perspective, a journey map, see figure 4.11, will explain how in works in larger steps and an
overview map will explain more in detail how the whole system works, see figure 4.12, and
under the text explains how.
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Figure 4.11 The figure show how the Trace System will work in larger steps.

The first two steps are to do the setup for the tags in the hub station and add the required
information. The third and fourth step are to attach the tags on the material or places that
should be tagged. With the tags on place they can now be traced with an application. The
application can also book area if the workers know that they will be working on one specific
area for some time and they want the equipment close. The app will then show alternative
roads around that area. The next step is to charge the tags in the hub. The final step is to have
an overview of all the tags on the site.

Figure 4.12 An overview map of how the Trace System will work. The light green symbols represent the
Trace Tags and the dark green arrows on the ground represent the suggested alternative road for the
driver.

To describe the process more in detail the following text and figure 4.12 will explain that. When
a new item or material arrives to the constructions site a Trace Tag will be attached. This will
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happen on a special area connected to the site, usually at a loading or delivery dock where the
goods arrive (1 in figure 4.12). At this place, the Hub station is also placed. With that, the tag
will be programmed with information by scanning the barcode, that every tag has, and edit the
information on a computer on the Hub. The information that the tag will show are tag-id (the
barcode), owner (the person that is resalable for the material), phone number to the owner, the
sub-contractor, item name (what the box/pallet contains), when the item arrived, and when it is
expected to be removed from the site.
After the tag has been attached, with Velcro adhesive pad and/or Velcro straps, it will be
transported to a chosen place (2). Because the tag can be traced, this place can be specific or
unspecific. On a general construction site, many items have some kind of area where materials
are stored, especially when it comes to items such as sand, gravel, beams, and rebars. Other
items such as screws, concreate, tools, and other smaller items easily get lost and does not have
a specific place to be stored when they are in use.
To be able to track the tags, a site manager uses a tablet to track them (3). When the material or
item is over, or the pallet, or place where the tag is attached is placed, the tag will be taken to
the place where it got attached by the entrance of the goods, or where the Hub station is (1).
There the tag will be loaded at Hub station.
As mentioned above, a tablet is used to track the items and materials. With the application that
is connected to the tag workers can reserve areas where they know they are going to work and
need to have their material close (4). The application also generates paths, (5), so that larger
machines knows where they can drive without coming to a dead end and have to drive back.
All information that is used will be using a database where the company can connect their
ordering system. When a tag comes back with a specific material, and the material is over, it
can be added to the system and new material can be ordered.
To be able to track the tags, reserve areas and plan routs for vehicles an application was created
for the system, see figure 4.13-4.16. The functions in the application are:
•
•
•
•
•
•

Show/hide grid
Adjust map according to desired time
Show tracked items by subcontractor
Reserve spaces
Automatically generate a path around unavailable spaces
Plan the best place to receive a delivery
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Figure 4.13 Close-up on the application when booking an area with time and date.

Figure 4.14 Close-up on the application with an overview of the site with tags, the blue dots.

Figure 4.15 Close-up on the application with an overview of the option of reserving, the left figure, and
when the area is booked, the right figure.
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Figure 4.16 Close-up on the application with a rout generated so the vehicle knows where there is space to
drive.

A PSS solution for the future construction site with autonomous
vehicles
The Trace Tag is today adjusted to how the constructions site is functional today. The aim is to
tag all material and items, included autonomous machines and vehicles, on the site so that the
autonomous machines know and can localize themselves.
The second half of the prompt from Volvo CE was: “from Earth to Mars”. That was interpreted
in the way that the Earth represents today, and Mars represents the future. In the future, the need
to work on remote and isolated places will be requested, e.g. areas with very extreme conditions
or alien places, like Mars. Volvo’s prototypes on autonomous machines, HX1 and HX2, are
one step closer to be able to do that. One large obstacle is that the machines today cannot
localize themselves.
The Trace tag will make it possible for the machines to localize where they are. The tags in the
future will be smaller and they will not need any battery, see figure 4.10, which is a step to
make the tags independent and more environment friendly. The thought is that they will just be
a chip that will be placed on all materials and items, just like a barcode. To tag everything with
a chip might sound odd, just because that means that there will be thousands of chips on the
whole site, and that is also the point. If the autonomous machine cannot see, except with
cameras and sensors to be able to drive on the ground, they have to be able to localize the items
in some way. To achieve that everything must be tagged. This can be compared to a person that
cannot see. If that person gets told that in front of them lays a pencil, and he or she reaches for
it, he or she might grab the eraser instead. That is because the person was not told that next to
the pencil is an eraser. That is how the autonomous machine will understand too.
The function in the Trace Tag is needed for the future, to keep the simplicity in tracing items,
but also to guide the autonomous vehicles. The techniques will change, but the functions will
remain. To be able to use the Trace Tag with autonomous vehicles the sites must change. Many
items and tools will be replaced, and that means that the circumstances will be different. One
major difference is that there will be less obstacles on the roads, compare with today, because
the vehicles there must use specific roads where the vehicles can move between the different
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check points. The vehicles must save as much energy as possible, which can be solved by doing
how the company Amazon is doing today in their storages. Material and tools can be spread out
with no specific pattern because then the vehicle can drive shorter distances and in that way
save energy. That system can be integrated or corroborate with the application for the Trace
Tag. Today the application calculates the closest route for the vehicle if someone booked an
area, and that must be a function in the autonomous vehicles. One other solution to save energy
is to have many but smaller vehicles on the site that has specific tasks so that they do not have
to drive so long distances. In that way, small storages with the material for those specific
vehicles can be strategic distributed on a site to be able keep the distances short.
With this solution, to tag everything and plan the route for the autonomous vehicles, the
company will save time, money and waste. The machines will be able to do more tasks in a
shorter amount of time. Depending of what kind of fuel the vehicle will use, the environment
will be will still be positive affected of this solution. In the future, it can be assumed that new
materials been found, the same with technology. That is why it is difficult to predict exactly
how the vehicles will look like and function. What we know today and what we can plan are
what functions the vehicles should have and how the surroundings must change, but still keep
the same core function in mind, see figure 4.17. An example of how to keep the core function
is how to store information from computers. It started with a floppy disc and then developed to
a CD and then to a USB and later to a Cloud. The function is still to store information, but new
ways to do that was found. The same thing should be done when it comes to trace material
comparing today with the future.

Figure 4.17 The figure shows the system of what the Trace Tag can do, both today and in the future.

The waste will also be reduced because everything will be tagged and there will be no need of
buying new items that ben lost. Also, if the scenario is that the vehicles are on a remote place,
e.g. Mars, everything is well-planned because it will be difficult for the humans to be able to
fix the problems by themselves and at the same time it will cost so much more if problems or
accidents appears.
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The two ways of tracking the materials, today and in the future, can be used at the same time.
The step between would be to have one specific enclosed area on a construction site, today, for
the autonomous vehicles, that also can represent a remote place. In this way workers and
machines can work side by side without disturbing each other and the autonomous vehicles and
be developed further.
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5 DISCUSSION
Many parts in the results chapter contains details that is interesting and important to go deeper
into. In this chapter, some of the result will be evaluated and compared with other solutions.

Data collection
During the research, many areas were selected to consider, and some of the findings gave
interesting results to go deeper into.

Field work
Many construction sites are very similar when it comes to the process of building something.
The differences come with the size and location. The larger the site is, the more people and
other contractors will work at the same time at the same place. That was also what was found
in the field work. Both Växjö Shipping & Transportation and Cementa are in the mining
business where the processes are more or less the same. Also, the everyday work is the same,
which means that there are many things that can be updated and changes without major
consequences, when it comes to smaller changes. Many parts of a process are isolated from
each other at these companies and that means that different departments can do changes without
others being affected. On some of the places that were visited during the inspiration phase,
some companies said that a conveyer belt could be a good solution and that they had considered
it before. Those companies that had been thinking of that solution were companies that
transporting stones from mining sites. The reasons for not investing in conveyer belts was that
they are very expensive and that the belts must be flexible, which they are not today. The
production in the blasting area on mining sites are changing every day, even though it is a slow
process, and on average they blast the stone walls every one or two weeks. That means that
everything has to be removed from the area, and that also means that the conveyer belts would
have to be removed which takes time. For these reasons, the conveyer belt idea was not chosen
to continue with, even though it is a good solution for them.
After extracting materials from the nature, the area will be left with nothing. On this place, it is
usually difficult to grow something there due to lack of soil or good places for the plants to
grow. If there are no plants, there will not be any animals. During the field work with Cementa
an interview was held with the factory manager Claes Kollberg. Cementa is, as mention in
chapter 4.1.1, a company where limestone is extracted. The factory has been active since 1871
and today they are not just investing in their production of cement, they are also working
purposefully for the sustainable development of all of their activities. They mean that wellmanaged areas can increase biodiversity, as the open landscape offers some plants and animals
new opportunities in terms of housing and reduced competition, and these areas can therefore
attract new species. Their plan is to once the industrial activity in a location is completed, the
area will be returned by being available for other uses so-called finishing. So far, they have
managed to make some parts of their areas, where old areas of extraction been active, a walking
trial for the local people were ponds, walking tracks and viewpoints are created. This
reasonability is something that more companies must do and learn from. One problem is that
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these actions cost money and need a lot of time and planning that the companies does not want
to spend. As Kollberg explained, many restrictions come from the government or the United
Nations [30]. That means that they must make sure that there are stricter regulations when it
comes to the finishing of the after works at industries, like Cementa’s, where the area after the
work is finished and it is not for use for anything.
Having said that, recycling of the machines has to be much better, in general. The information
that was gathered from the workers at the mining sites was more or less chocking. When the
large machines are expired, and it should be scrapped, many times the machines get deposited
at place. This is not good for the environment and the life after at that place. This reasonability
is not only in the hands of the owner of the machine, but also in the developers. A developer
that are using PSS should, and quoting: “A Product Service system (PS system) is a marketable
set of products and services capable of jointly fulﬁlling a user’s need.” [12] This means that if
the owner has a need to scrap their machine the developer should have that in mind when the
machine is constructed.
Some of the workers did not like the thought of autonomous machines taking their jobs. The
managers on the other hand, liked the idea because it would be more economical in the long
run. The first part of the prompt was: “From elephants to ants”. That was interpreted and
compared with size. The elephants are big haulers, or other machines, and the ants are smaller
haulers. The smaller haulers cannot take just as much load as the bigger one, but they do not
need to dive the same long distances. To give an example: On one construction site, there are
three big haulers that have the task to move dirt from different piles. The distance that they have
to drive each is 300 meters. If one of the haulers breaks and has to be repaired 33% of the labour
will be lost. It will be hard for the other two haulers to take over the broken haulers tasks. If the
site instead had 6 smaller haulers, and the same situation occurred, it would be easier for the
other haulers to cover for the broken on. The smaller haulers are now just driving 150 meters
each, but they can also compensate for each other. The problem with this solution is that a site
manager does not want to hire twice as many workers and buy new machines. They would
rather have one autonomous that does not need any breaks so that they can drive much longer
hours. Time is money, so that means that this option is more economical.

Prototyping and testing
Since the prompt in the project was so wide, it was difficult to know where to start, but also
were in would end up. By doing different kinds of prototypes it was easier to make boundaries
and see what areas that is not related to the prompt. Usually in projects there are guidelines of
what areas that need to be explored and what is required, but in this case, there was no
guidelines, just the prompt. That means that it is very important to explore as much as possible
in many different areas. It was up to the group the decide how the prompt should be interpreted
and from there make boundaries. The prompt was therefore interpreted in many different ways
so that different tests could be performed. After every test, the results were considered and
evaluated to the prompt. That made it easier to find boundaries of the prompt. After some of
the boundaries were set, it was time to make better and more accurate prototypes. The first
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Trace Tag much larger than the final one, since the new findings gave the new iterations new
ideas. The smaller tag has the same idea, but other components and it was more optimised.
After many iterations, the prototype was ready to be tested on a construction site. Just by place
it on some of the materials some mistakes or faults would be visible. One of them was that the
material that the tag was made of must be much stronger and tougher, otherwise it will break
when it comes in contact with other materials and machines. Also, the size was both wrong and
right at the same time. The smaller size was perfect to the materials that they should be attached
to, but it would be more difficult for the workers to see them. One solution for that could be to
change colour on the tags. However, all parameters for small changes makes many times a chain
reaction that might interfere with some parametric that cannot be changed. Sometimes the
solution might be to use a FAST diagram to go back in the thinking instead of doing it in a logic
way. Sometimes the thinking has to be changed to find a better solution, see section 5.2.

Sprint challenge
The sprint challenge was an excellent way of getting a good and fast result. From all the
prototyping techniques and tools that has been used, the sprint challenge was the most efficient
one. It was that one that gave the idea for the bigger perspective of the construction site of how
to organize it. At the same time, the other tools eliminated some areas and created boundaries,
so without those tools the solution might not have been as developed as it is.
The concept that was created during the sprint challenge was to have a drone flying over the
construction site to be able to have an overview on what is going on, on the site. This idea was
mirrored to the application for the Trace Tag. As mentioned in 5.2, the question was for this
idea: “How can a view be pictured without a camera?”. This question was asked because a
drone is not always allowed to use, and it is not always practical because the weather is
unpredictable. The solution was to have reference points, many tags, that would be seen using
technology, GPS.
When having the bigger picture, the tag came to focus. From that a new design-process was
initiated. The Hub was created last because that was a function of the new product. Above all,
this shows that here is no right way of how something should be solved. Iteration is the prove
of that [32]. What the iteration do is to attack the problem repeatedly from different directions
and angles. Because of that, new solutions will appear.

Interviewing workers
After having interviews with the workers at the three different companies, specific information
was collected that was useful for the ideation phase. From the fieldwork and interviews three
main areas stood out more.
The first area that was interesting for the ideation phase was too look in to how to make things
autonomous or automated. Today, on all the sites that has been visited, many steps in the process
can be automated. What was found out was what the customers actually want. The customers
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want larger and better machines that can work in all environments and conditions. The main
environments are hot, cold, dry and wet weathers, and dirty conditions.
During the interviews, patterns of different reactions were observed. Because the interviews
were held with different workers, both from people working at the office and people working
with the production, the goals with the job are different. After asking some of the workers, that
are driving the wheel loaders and haulers, the indication of making the wheel loaders or haulers
autonomous was not popular. The first reaction was that they do not think that a machine can
take over their job because the job requires precision and human decision-making. What was
observed was that they almost got offended when the subject was brought up. After talking
some more about it, they said that the robots and other autonomous machines are taking over
the jobs, and that means that they feel useless and without jobs. The future job market for them
feels unstable. They are scared that that they one day will stand without a job. A following
question was how their career look like. The answer was that driving a wheel loader, or a hauler,
is the top of their career. Driving one of those is not something that they do in the beginning of
their career, they explained. They also said that because these machines are so much larger and
can carry much larger and heavier loads than the machines that are used on construction sites,
it is very important that nothing goes wrong and that the driving skills are good, and that
requires many years of practice. These ethic issues are something that people does not talk about
that much.
With that in mind, to replace a worker with a machine is also about what the machine is counted
as. Many workers think that the machine take their jobs instead of a colleague. The machine
might do the tasks that the workers did, but at the same time they can also do tasks that are
boring or dangerous. When the question “What are the boring tasks that you have to do at
work?” was asked to the workers different answers was said. Some said that they just do them
because they have to, even though they wished someone else could do them. After asking the
following question “How a about a machine/robot could do these tasks instead, so that you
spend more time on “fun” tasks?”, then the answers were surprising. Many of the workers said
no immediately. They explained that they felt that they feel worthless, appears as lazy or too
important for the job. Also, that others might think different about them. These findings are
very important to use for the company that are planning to use autonomous machines. To be
able to make the workers feel comfortable and good that a machine taking some of the tasks, a
different mindset has to be implemented. The workers should see the machines as colleagues,
that they are helping them instead of taking their jobs. The machines, or robots, can do the hard,
dangerous and boring tasks. The workers will feel less stress and can put more time and effort
on other tasks instead. The machines or robots will instead be an assistant for the worker. This
kind of technology changes has been going on for a very long time and this is something the
humanity more or less are used to. This is just another change that will be done.

Workshop
Before the workshop the day was planned and prepared. Some expectation from the workshop
made it easier to focus of what to look for and aim the discussion to. During the workshop,
there were different reactions from the participants. This can be for two reasons. Firstly, the
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task was explained in a different way than the project group experienced it. Then the
participants will see the tasks differently. The project group had the prompt to think from,
meanwhile the participants on the workshop got a specific task and question from the project
group. Secondly, because the participants had different backgrounds and working in different
fields their contribution will be different from the project group. They resulted with totally new
ideas that was created during the workshop. What was interesting to observe was that even that
the three groups during the workshop had the same problem they had different elements to work
with. Not only that their thoughts behind their prototypes variated a lot, but also, the way of
presenting them. This shows that when people from different backgrounds, ages and gender can
come up with new and very different ideas. This is compared with the project groups
experience. In the project group the age, education and lifestyle are very similar. Many of the
ideas that the project group came up with was very similar to each other’s.
One other interesting thing that was observed was that the creativity has no limits. When a
workshop is planned there are many factors that must be considered. One is what kind of
material that the prototyping should be made from. For the workshop, there are materials
prepared. Sometimes it can be good to have a limit of different kinds of materials so that the
creativity comes with the shapes and materials, but many times it is better to focus on the
function of the prototype and then find materials that can represent that. During the workshop,
some groups used materials that was not appointed to be used as material. That material was
items from the coffee break, their own things and outside the workshop room. That ended up
with they were able to express the idea even better than if the selected materials was used.

The design-process
As mention in 4.3.2, the function of different products remains through the technology
development, like the floppy disc to the cloud. The thought behind these developments are how
to replace without replacing. In the ideation phase, after the decision of choosing to organize
the construction sites, there was a discussing about “How can we make the pallets tell where
they are without telling?”. The discussing was about saving energy of the battery, because what
was realized was that the screen on the Trace Tag will consume a lot of energy and the tag will
probably be on a site longer than the battery can last. Who will replace the batteries in that case?
Do we need the screens to tell what is on them? Can the pallet tell us the information without
showing us? The same topic was brought up after the field visit at Växjö Transportation &
Shipping. They have talked about having conveyer belts. When the project group thought about
that idea and realized that that solution would not be possible, even though it is a very good
solution, we questioned ourselves: “How can we have a conveyer belt without a conveyer
belt?”. These kinds of questions create focus on the function instead of the design. Many times,
developers get too fixed to the design during the product development, and that will many times
stop the creativity. To bring up the floppy disc again, where the differences between function
and design can be seen, the function has been the same through the whole development, and
also increased its capacity of store information, but the computers’ design has been changed.
Usually the design is the easiest thing to change, because there are so many different ways of
changing it. The thought that the developer, for the autonomous vehicles, must have in their
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minds when they develop the vehicles is: “How can they make the autonomous machines see
without seeing?”.
A similar thinking can be used with a pallet. The idea for the Trace Tag is that the tag will tell
the workers where they are and what they are carrying. The best solution for the tag would be
a small tag that will not be easily damaged by other items and machines on the site. The tag
should also be able to be place on a place where it is least in the way, but placed where the
workers can see what the tag says. So, how can the pallet/tag say who they are without always
saying it? How the tag is working today, simply, is that the tag is sending out signals to say
where they are. When the manager asks the tablet where the tag is it will show the position, and
when the worker push the button on the tag the information will appear. But how could this be
replaced so that the manager or worker does not need to send a command. This question was
rotating in the project group for a long time. Some ideas were to use some kind of Siri, that is
a command function on iPhones, so that the worker or manager just simply can ask the tag
where they are and what information that have. This idea would not be possible due to the
technology would be to difficulty and also expensive. Secondly, the noise on the sites will make
it impossible to hear what the tag says without holding the tag in the hand.
This problem is still not solved, but it helped to think of how the future tag would functional.
The chip in the future would work so that the workers have a scanner and can see where the
closest chips are and, in that way, choose the tag they want to see and also the tag only send out
information when needed.

The Trace Tag
After the first Trace Tag was produced a lot have been changed. The things that has been
changed are more about the tags looks and what kind of technology it should use, and not so
much about the concept. The prototypes of the concept changes much depending of what
function or design that was in focus. During the development, there was a discussion of what
type of solution it should be according to PSS, [22]. The decision was to have it as a productoriented solution because the prompt was about the functions and not the concept.
As the tag started to take shape, other functions were added. The hub and the application were
not included in the first solution. They came along when details, such as battery life, and when
the group zoomed out from the site, conceptually. The tag itself is just focusing in one place,
but what would happen when there were many tags? How would the site react or functional
with this solution implemented? This kind of questions stared to appear, and the hub and
application was added to the concept.
But going even bigger, how will the construction industry be affected with this solution? The
tag can, after some more technical development, be implemented on the sites. One problem that
can appear then is during the transition phase when both humans and autonomous machines are
on the site. Then the tag might not be an optimal solution. The tag works the best with just
humans or just machines. If there is a mix with both of them, the system and the autonomous
vehicles will have it difficult to localize the items, especially the vehicles. Why it might be
difficult is because in the autonomous vehicles world everything is reachable for them.
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Moreover, the vehicles will be confused. Also, the humans might leave thing in the way for the
vehicles and that will make it much longer for the vehicles to come around on the site. One
solution for these problems can be to divide the workers from the autonomous vehicles, as
mentioned in 4.3.2. That can be because on construction site there are many systems that are
interact and interfere with each other. The sites in that case can be very big and be planned for
this kind of arrangement. That costs money and a lot of resources.

A PSS solution for today’s and future construction sites
The Trace Tag system is a system that is flexible to the environment it is placed in. For instance,
the thought behind the system can be used and implemented on many workplaces, not only
construction sites. The technology the other hand must be carefully considered to the specific
place. One major finding was that different countries has different technologies as a standard
on the construction sites. In USA, the large construction site has Wi-Fi and iPads available all
the time, more or less. In Sweden that kind of technologies are not obvious on all the sites. The
sites are usually also smaller, so it is not required. That means that the Trace Tag are not suitable
in all regions. Then the technologies must be changed. Again, the problem should be considered
to be attacked in another way, see 5.1.2 and 5.2.

Lean Production
In almost all industries where there is production there also is a Lean production system. This
system is made to be able to maximize the productivity to be able to produce as much as possible
in the fastest and most economical way. Why cannot Lean be implemented in the construction
industry too?
In both the production and the construction industry there are many systems and phases that are
working parallel and interfere with each other. They also must wait for other parts of the phase
to be finished so the next step can continue. The question is how Lean system can be
implemented on construction sites. One problem is that when a company in the production
industry are using Lean the area looks the same during the whole process of the production and
after the installation of Lean. The difference with a construction site is that the site constantly
is changing. This means that the Lean system must be flexible to the situation and the
installation must be fast and smooth. It a way of implementing Lean on construction sites was
created it would save a lot of time for the workers, just as Carlsson and Lindhe writes [37], see
2.5.

Material flow on construction sites
Material flow is something that constantly are going on, at home, in stores, in companies, and
the society. What Berglund [35], Fridhed and Bengtsson [36], and Carlsson and Lindhe [37] all
have in common in their reports are that martial flow is not just about material that are moved.
It is a combination of logistic, how the material is moved and how to create value to the product
while the material is moving from one place to another.
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Carlsson and Lindhe are talking about how to implement Lean in the building production. They
proved that it has been found that there is development potential for one more joint venture.
Despite that, there are misunderstanding within the companies of what value is and how to
promote that. One interesting point that Carlsson and Lindhe made was that even though all
work places look different there is a pattern of how the work is performed. Lean can be
implemented in almost all work places and it will create value for the customer. With that said,
Lean and PSS should go hand in hand. This is because PSS is targeting the thought behind the
product, what kind of product or service it should be, and Lean makes it possible to create this
in the smoothest and most effective way. That shows that also here different systems are
interacting and if one of the systems main function gets a problem the other systems will be
affected.
What Bengtsson found is that the Lean system is something that must be updated along the
updates with the company. When companies produce more the Lean system must be looked
over too. Even small changes make big impacts. Also, many companies produce in old
buildings where the layout of it is not suitable for the modern production.
Along with the Lean, logistic is also about creating more effective material flow. Berglund
express that small changes can improve the material flow, but there is a lot of work behind it.
The conclusion that Berglund had is something that also emerged during the project. There are
many parallels that can be drawn with the design-process. Planning and roles within the group
are important due to move the project forward and know who is responsible for what.

Learnings
Some of the key learnings from this project and case are that everything is connected with each
other on many different levels. The industry is a kind of eco system, and if something breaks
down others will be affected. This was mainly proved during the interviews with the workers.
The way they expressed their view of improvements and future was very different from what
the managers expressed. It is easy to think of the materialistic things, but behind every machine
there is human that has created or controlling it. After talking about automation, the humans
will disappear, according to the workers. That is why it is important to make sure that all
employees at a company feels appreciated, otherwise value and passion will disappear from the
industries.
One other key learning is that it is not so easy to imagine the future and assume what would be
invented then, but you might get some hints of what direction it is going to. Twenty years ago,
people thought that today there will be flying cars. Instead of flying cars there are electrical car.
The reasons of that is many, but this is also a reaction of many systems and happenings. Without
going to deep, many products start from a need or an idea. That idea grew, and new areas was
explored. What can change a direction of the future is knowledge [28]. Knowledge is based on
data and information. When the knowledge turns to wisdom, an understanding will be created
that will give impact on the actions. During this twenty years data become wisdom and it was
realized that the todays cars had to use a new kind of fuel, instead of building a new version of
a car.
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6 CONCLUSION
The aim for this report was to explore how workers can locate materials on today’s construction
sites, and how autonomous vehicles will be able to that without human assistance in the future.
With that in mind, the research ended up with a developed result-oriented PSS, a tag, that will
guide the humans and machines, today and in the future construction sites, to the different
materials that are soughed.
Moreover, the methodology for this report was chosen to follow the engineering method
because the problem was already identified. In other words, what was sought after was to find
a solution to the problem. When studying science, a question should be answered. The designprocess was very helpful to be able find a solution, because of the iteration part and the way of
doing the research, see figure 3.1.
During the ideation phase many ideas were created in different areas. Some of the ideas were
iterated a couple of times before the ideas satisfied the needs. Comparing the first prototype to
the latest one, it showed clearly that these iterations are very important to do to be able to create
a good idea. This was because the first prototype just shows the idea based on a problem,
however, the later prototypes are further developed after the needs.
It is important to create different kinds of prototypes of the same idea. By doing that the
developer can find new problems or functions that is related to the original problem. The
prototypes should go from very simple to more detailed and complete so that the user can try
and see it and then give fare feedback.
The report’s main conclusion is that, the research showed that the solution must be able to
function in different environments, climates and with different materials. It also had to be able
to be used for different kinds of companies in different countries, where the rules and standard
are different, and work with their different systems at their construction sites. This resulted in
a solution that will enable workers to use the same idea without interfere with each other’s
systems because of the different id-codes on the tags. Chosen material can be tagged and this
shows the site manager and worker where it is located. This trace system will also be very
helpful when new goods arrives. The goods can easily be tagged and be placed anywhere
without being lost, because the person that need the goods will be able to trace the material with
the tag through a tablet.
Furthermore, the future solution for the tag enables autonomous vehicles to trace materials and
tools on future construction sites. The tags will work as eyes and locate the materials with their
position. This solution also helps the autonomous vehicles to go one more step to the future
construction site. Today there is a need to go to remote places to explore new opportunities, and
the Trace tag will help the autonomous vehicles when the humans cannot.
Moreover, this solution, the Trace Tag with its system, gives value for today’s and future
construction sites by combining humans thinking and work together with autonomous machines
functions. This creates an important understanding between humans and machine that is central
for the future.
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7 RECOMMENDATIONS AND FUTURE WORK
As mentioned before, the Trace Tag is a solution for today’s construction sites but is also an
important step to be able to use autonomous vehicles on remote places. In this chapter,
recommendations and future work that should be done to be able to do that there are
summarized.

Economical aspects
In this report, no economic aspects have been taken. To be able to do that the tag must be fully
developed and functional. There are many parameters that must be considered. The most
expensive with the tags are the technology in the tags, mainly the screens. There are other
functional technologies, but not accessible for this kind of projects. This project had a budget
that should be used for the whole project, from initiation to the implementation phase. In larger
companies, the projects also have budget, but the knowledge and network are bigger and better.
On one construction site, there will be hundreds or thousands of tags, depending of the size of
the site. This means that all unit’s count. In bigger scale of the site it might be better when the
tags been developed and become cheaper, see figure 7.1.

Figure 7.1 The future plans for the Trace Tag is shown in this development roadmap.

Further development of the solution
This tag can be implemented on today’s the construction sites, but this solution is the first step
to be able to go towards an autonomous construction site. When the future comes, the
techniques has been improved which means that the tags will work better. The main thing is
that the system probably will not change that much, because it is based on a problem that is for
both humans and machines, organize the site. Except the development that has been said in 7.1,
to be able to go to an autonomous construction site the tags must be developed along the
autonomous vehicles. That means that the both industries must cooperate and help each other.
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The techniques and sensors on the autonomous vehicles must be able to interoperate. This is a
big but important step in the development for an autonomous future.

Next step
The next step from here would be to look at what materials that should be used and other
components that can be upgraded from the device has today.
As shown in figure 7.1 above, in the coming year, the target would be for the product to gain a
greater user base globally and to continue to improve its function, robustness, and adaptability
in different environments. The third milestone, which might be achieved by 2022, is the time
when the automated machines and infrastructure in construction equipment industry will be
ready to be employed. This is when the product will be seamlessly integrated with those
machines to guide them. The final goal, which is to have a fully digitized and automated
construction site that reaches a 10 times operation efficiency compared to current level, is
predicted to be achieved with the system by year 2030.
One of the first things that will be changed on the tag, after the concept being fully functional,
is to take away the screen as soon it begins to be used only by autonomous vehicles. Eventually,
the goal would be that the tags becomes very small, cheap to produce, passively powered, and
biodegradable, so that disposable tags could be scattered everywhere on a site, fully digitizing
the worksite for swarms of machines to navigate it with incredible efficiency, fully
revolutionizing the construction industry.
The solution presented today, to keep up with evolution of the whole ecosystem, will also
undergo evolvement towards its next phase. The very next step would be to optimize the
physical design of the Trace Tag design to make it more compact and potentially bundled to
materials already when they arrive on site. On the third stage shown on the development
roadmap, the track device is predicted to require no power anymore due to technology
advancement, as it will be able to passively obtain power through communication with the
environment such as RFID, which is still limited in its function and efficiency today. The final
phase of the device, stage four, is where it will be used in a fully digitized and automated site,
will highly likely to be a chip-level hardware in the system, where it will be highly integrated
and optimized in various use scenarios. These chips will be very cheap, small, biodegradable,
and disposable so that they can tag anything and everything on a site, fully digitizing the area.
Except doing all the changes mentioned above, the construction industry need to be changed.
One way to do that is to implement Lean system thinking at construction sites. With Lean the
site must start over and then it is perfect to start to use the Trace Tags. This will change the
whole construction industry to the better.
Other things that must be kept in mind for future development is to make sure that the system
is user friendly in the sense of it will not struggle or can be misleading while using the system.
The misleading can come from interruptions or disturbance in the surroundings if someone can
get access to the account that can make the system confusing. Also, if the tags are on machines
that are driven by humans the laws have to be checked to make sure that the system is not over
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crossing any laws that can make any trouble later on. Some laws are about tracking staff on a
work place which can be an obstacle.
While doing the product developing of the final prototype it is important to keep in mind how
to recycle the tags. When the tags should be recycled there will be many different components
that must be taken care of. The tags role on the construction sites is to tag the different materials
to keep track on them and not lose them. If there are things that get lost the workers buy new
things, even when it is not really necessary, but because of save time instead of looking for the
missing items.
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Appendix 1: Interview questions
Below the questions are presented that was asked to the workers and employees at the
companies that was visited during the inspiration phase.

Braås 8/2 2017
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

How is the company set up?
How does the ordering process look like?
How does the haulers work?
How are the haulers used?
Which companies are you working with? Customers?
Why are the vehicles so big?
For how long have Volvo Braås existed?
Other equipment like hauler?
What is the lifetime of the trucks?
What are the most common materials that are transported on haulers?
How fast does Excavators work, it is enough with the haulers you have?
Which hauler is the most requested by customers?
Why not make the excavator bigger, to fill the hauler faster?
How do you respond to the customer’s needs?
How often are they in need of service?
How much fuel does the hauler consume?
What happens after you’ve used the hauler to it is full extend (used in 25 000 hours)?
What groups are there in the Volvo group?
What other products / brands does Volvo CE own?
Volvo CE work a lot in the mining industry?
Which trucks do you sell the most of?
Can you do haulers autonomous and electric?
Is it smart is start walking less?
Divide the haulers in some classes?
What used to what?
What climate must haulers clear?

Växjö 14/2 2017
27.
28.
29.
30.
31.

We have seen a little on your website about which different types of machines you have,
but how many and what types of machines are usually on construction sites today?
What is the most critical in terms of communication and place in the workplace?
How often is it the case for a machine to change the route?
Are there many machines that go the same route for a whole day? Example? Which?
How long running machines?
56

32.
33.
34.
35.

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

How is the work planned?
How had the workflow is improved if you had been free to choose through / over / under?
How does the number of machines with the size of the building?
What does a day look like for you and how it changes week by week / month for men.
Do you feel that it is too difficult? (Can lead to him talk about the rest). How do you
feel, you had wanted to change it?
What are the challenges this site / that these machines had?
Showcase concept for the questions and ask him to give feedback.
How do you communicate with each other on the site? What do you use for the tool,
what do you say? Which is easier to reach?
Depending on what he's working on. How would you have known about the next stage
is prepared before you come.
Is there anything that you think is missing on the site, such as resources, planning,
communication?
Is there any miscommunication?
What other works are there for humans except for operating machines?
How does GPS measurements work on machines?
Do you use any other signal than GPS?
Do you think you can completely automate-machines?
Why do not you have smaller machines?
You have bigger stones standing in a pile, for how long will they be there?
Future requests
What is the profile when you dig in preparation for pipes?
Biggest issues when machines break?
Observations
How does the weather affect?
What do you do to dampen the noise of the trucks?

Cementa 17/2 2017
Machines
54.
55.
56.
57.
58.
59.
60.
61.
62.

What different machines do you have?
How does the normal work process look like in the mining site?
During the working process, what difficulties can the machine encounter?
What types of improvements would you like on your process?
For how long does the machines operate? (stoppages etc)
Any suggestions on how to improve the uptime?
Would you like bigger/smaller machines and why?
Would you like smaller but more machines?
What machines did you have earlier and why did you replace them?
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Mining
63.
64.
65.
66.

What kind of cement if produced?
How is the blasting done?
How much do you mine per blast?
How much limestone is delivered to the crusher?

Communication
67.
68.
69.
70.
71.
72.
73.

How do you communicate in the site?
What issues can there be with your present communication solution?
What is the most critical point in your communication?
How does different peers log/present their work?
How does other peers receive/search for relevant information?
When communication occur does it go out to everyone or only the ones that needs to
hear it? (i.e. is different sending/receiving lines setup?)
When there is an issue, how do you signal it to the other peers and which ones are
entitled to this information?

Infrastructure
74.
75.
76.
77.
78.
79.
80.

How does the factory setup look like?
How much energy is consumed in the factory?
What are the more frequent issues in the factory?
How dynamic is the work? Why not a static conveying system?’
How do you control each separate station?
When knowing how it looks today, could improvements be done to make it better and
more effective?
Why not co-axial crane?

Humans
81.
82.
83.
84.
85.
86.

87.

How does a normal day of work look like for different posts?
What improvements/changes would you like to have to streamline your work?
What other jobs does your workers have except for operating a machine? (preferably
the ones that are close to a machine)
How often does an employee call in sick/injured?
What are the dangers that you’ve put an effort in avoiding?
Just like the previous question, get input on what the workers think of the factory on a
systemic level (i.e. the factory/machine setup, the usage of machines, eventual
suggestions on improvements)
What frustrations do you encounter? (To a worker)
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