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Abstract 
 
 
Background 
It can be observed that our society is heading more and more towards automation. Autonomous 
machines show large potential and are being used progressively often in a range of different 
areas and tasks. They are increasing the productivity and transforming jobs and industries. 
However, the implemented systems of autonomous machines are usually specified for certain 
conditions, in structured and static environments. Making the implementation very contextual to 
the environment it is in. Dynamic environments, is something that is continuously changing or 
being changed, meaning a lot of challenges for the implementation and operation of something 
autonomous.  
 
 
Objectives 
The purpose of this study is to investigate how to help the conditions for implementation of 
autonomous machines in dynamic environments. The sites and machines in the construction 
industry fulfill the described context well and is therefore chosen as the main field of study for 
this thesis. 
 
 
Method  
A main case study exploration has been used to disclose the result. Including different methods 
of data gathering such as literature research, interviews, observations, field visits, and 
workshops. Data has also been collected in form of learnings from prototypes and experiments 
conducted throughout the study.  
 
 
Results  
The results evaluate how the aiding of the implementation and operation of autonomous 
machines could be done in dynamic environments such as the construction sites. It considers 
working at remote areas without human assistance, the external information needed for the 
autonomous machines, the different technologies that could be used, and how to take a first step 
towards an autonomous future. A concept solution is presented, which could be implemented 
today and used to help the implementation and operation of autonomous machines.  
 
 
Conclusion 
The findings in this study indicates that the machines need to understand elements in dynamic 
environments to be able to conduct meaningful tasks. For this there is a need for external 
information through different technologies, making element visible in a continuously changing 
structure. Material management is one of the essential elements that needs to be made visible for 
the machines. The results can be introduced today through the concept and be developed along 
with the rest of the technology to make the adaptation and implementation easier.  
 
 
Keywords: Autonomous, Machines, Robotics, Implementation, Dynamic, Environment, 
Construction 



ii 
 

[This page is intentionally left blank] 

 



iii 
 

Sammanfattning (Swedish abstract) 
 
 
Bakgrund 
Det kan observeras att vårt samhälle går alltmer mot automatisering. Autonoma maskiner visar 
stor potential och används successivt mer för en rad olika områden och uppgifter. De ökar 
produktiviteten och omvandlar jobb och industrier. De implementerade systemen för autonoma 
maskiner är oftast specialiserade för vissa förhållanden, i strukturerade och statiska miljöer, 
vilket leder till att implementeringen är mycket kontextuellt för miljön. Dynamiska miljöer är 
något som ständigt ändras, vilket innebär en hel del utmaningar för implementeringen och driften 
av något autonomt och självständigt. 
 
 
Mål 
Syftet med denna studie är att undersöka hur man hjälper förutsättningarna för implementeringen 
av autonoma maskiner i dynamiska miljöer. Byggarbetsplatser och maskiner inom 
konstruktionsbranschen uppfyller det beskrivna kontexten väl och väljs därför som huvudområde 
för denna avhandling. 
 
 
Metod 
En explorativt fallstudie har använts för att komma fram till resultatet, tillsammans med olika 
metoder för datainsamling såsom litteraturundersökning, intervjuer, observationer, fältbesök och 
workshops. Insamling av data har även skett i form av lärdomar från prototyper och experiment 
som genomförts under studien. 
 
 
Resultat 
Resultaten utvärderar hur implementationen och driften av autonoma maskiner kan hjälpas i 
dynamiska miljöer såsom konstruktion lägen. Vidare utreds de autonoma maskinernas arbete i 
avlägsna områden utan mänskligt bistånd och den externa informationen som behövs för 
maskinerna i det sammanhanget. De olika teknologierna som kan användas är utvärderade 
tillsammans med hur ett första steg kan tas mot en självständig framtid. En konceptlösning 
presenteras, som skulle kunna implementeras idag och användas för att hjälpa till med 
implementering och driften av autonoma maskiner. 
 
 
Slutsats 
Resultaten i denna studie visar att maskinerna måste förstå element i dynamiska miljöer för att 
kunna genomföra meningsfulla uppgifter. Därför finns det behov av extern information genom 
olika teknologier, vilka synliggör elementet i en ständigt varierande struktur. Materialhantering 
är en av de väsentliga delarna som måste synliggöras för maskinerna. Resultaten kan 
introduceras idag genom konceptet och utvecklas tillsammans med resten av tekniken för att 
göra anpassningen till tekniken och implementationen enklare. 
 
 
Nyckelord: Autonoma, Maskiner, Robotik, Implementation, Dynamisk, Miljö, Konstruktion  
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Nomenclature 
 

Notations 

Symbol Description 

lon Decimaldegree, longitude 
lat Decimaldegree, latitude  

m Length, meter 
cm Length, centimeter 

h Time, hour 
mAh Milliampere hour 
 

 

Acronyms 

VCE Volvo Construction Equipment 

CE Construction Equipment 
BTH Blekinge Tekniska Högskola (Blekinge Institute of Technology) 

GPS Global Positioning System 
IT Information Technology  
PCB  Printed Circuit Board 
GSM Global System for Mobile Communication 

BLE Bluetooth Low Energy 
RPI Raspberry Pi 

AR Augmented Reality 
USB Universal Serial Bus 

LCD Liquid-Crystal Display 
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1 INTRODUCTION  
 
 
In the following chapter, the reader is introduced to the current area, which leads to the purpose 
of the study. It includes an introduction to the field and background that motivates the subject 
and research. Furthermore, the reader is presented to the objectives of the research and the 
thesis question to be answered. This is then followed by the delimitations and the outline for the 
report.  
 
 
 
 
1.1 Introduction 
 
 
The aim of this research and thesis is to investigate how to help the conditions for 
implementation and operation of autonomous machines in dynamic environments.  
 
It can be observed that our society is heading more and more towards automation. It has large 
potential and is being used increasingly often for a range of different areas and tasks. The aim is 
usually to substitute or aid the human with tasks that are difficult, repetitive or tedious. It can 
also be done from an economic standpoint where the aim is to be more effective and effective 
than the current human worker, while at the same time saving costs and being able to have 
longer uninterrupted work schedules. (Kolski, S et al. 2006; Belaidi, H et al. 2017; Groover, 
2018; James & Michael, 2017) 
 
The implemented systems of autonomous machines are usually specified for certain conditions. 
They are either specialized for structured environments with a need to always have such 
structure present in their surroundings, or specialized for unstructured environments and ignore 
any structure that may exist. (Abderrahim & Balauger, 2008; Fulgenzi, 2009; Kolski, S et al. 
2006)  
 
Autonomous machines, the design of the infrastructure, and the system they work in needs to get 
smarter and more capable to be able to cope with dynamic environments. To work in more 
dynamic environments there is a need for a hybrid autonomous system that recognizes and 
exploits structure in the environment (Kolski, S et al. 2006). To implement such a system, the 
algorithms become more advanced. It is not straightforward, however, to make it easier there is a 
need to create a dynamic structure that provides the system with more information and context 
about its surroundings. (Belaidi, H et al. 2017).  
 
With the technology making meaningful advancements the pressure from the industry is getting 
higher in terms of wanting to automate harder tasks in more complex and dynamic environments. 
The industries require increased efficiency and at the same time more detailed and reproducible 
work with reduced risks (Xenia & Gwyn, 2017).  
 
Autonomous machines have large potential, being a solution and path of the future, increasing 
productivity and transforming jobs and industries (Xenia & Gwyn, 2017). The vision is that the 
machines could function completely without human input. In that way being able to send 
autonomous machines to remote places, and trust that they will complete the desired tasks. The 
challenges that occur with this vision is that it is hard to plan for completing meaningful tasks in 
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dynamic, unstructured and uncertain environments (Belaidi, H et al. 2017; James & Michael, 
2017; Abderrahim & Balauger, 2008).  
 
For a current outlook in this area, although the current available research, it has still not 
concluded in a set theory and lacks knowledge for a starting point of implementing autonomous 
machines in dynamic environments. This is in contrast with the amount of studies made for 
autonomy in more static and structured environments. (Kolski, S et al. 2006). However, even if 
the areas can seem to be similar in some respects, involving autonomy or similar machines, the 
environment around the machines can make the autonomous aspects completely unusable if not 
implemented correctly (Bhattacharyya & Zwarenstein, 2009). Consequently, there is a gap in the 
research about this area, investigating the conditions for implementation of autonomous 
machines in dynamic environments.  
 
 
 
 
1.2 Background 
 
 
Automation of machines is very contextual and depending on the environment it is in. The 
construction industry has therefore been selected as the area to conduct this research within, as it 
involves heavy machinery with complex tasks in environments that are very dynamic and 
challenging. The study will be conducted in collaboration with Volvo Construction Equipment, 
as they are one of the leaders in the construction industry. Involved in the collaboration are also 
Blekinge Institute of technology, and Stanford University. See more information about the 
collaboration in the chapter further down about the Pilot study. 
 
The potential of autonomous machines is recognized in the construction industry. It can be 
observed that the development of construction sites is heading towards automation and 
electrification. This means there is going to be a shift of how the work is being conducted today 
at a construction site, and it also means that new solutions need to be found to accommodate the 
new factors. Such as wanting higher efficiency and effectivity, lower risks and less slowdowns 
or stops. Solutions that in long terms can mean cost savings, machines being able to work longer 
hours of the day than humans, some even without stops at all. These are just some of the benefits 
that are the aim in the industry. (Bock, 2015; Kangari & Yoshida, 1990). However, the industry 
is now facing large challenges. The task of making a site fully autonomous is very difficult to 
accomplish. At the same time, there are more and more pressure in form of the imagination of 
what could be done. (Xenia & Gwyn, 2017). 
 
It is observed that fully electrical and autonomous machines are possible by companies within 
the construction industry. CAT, Komatsu and Volvo all have prototypes or working autonomous 
machines out in construction or mining sites. Volvo CE has with their launch of the HX01 hauler 
prototype shown a first step towards an autonomous electrically driven construction vehicle. 
(Volvo CE, 2016). However, there is still a long way to go and a lot of issues to be figured out. 
Machines today are still dependent on others to be able to perform meaningful tasks, for example 
a hauler that needs a wheel loader to be filled, and the machines are not completely aware of all 
their surroundings. The machines are also dependent of an infrastructure that is not developed 
yet to work, to gather unknown information of the surroundings or charge the machines for 
example.  
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Size is something that also is considered while investigating autonomous vehicles in the 
construction industry. This might be because making them electrically driven, which would set 
the large sizes in need of a huge battery, and in that way making them impractical. Making the 
machines smaller also comes with benefits such as making the operation less susceptible to risks 
of disruptions or shutdowns. An example given by Volvo CE during the study, is that having 
four small machines instead of one big, it would not halt the work completely if one would break 
down compared to if the large one broke down. Having multiple machines also open 
opportunities for cooperation between them and a whole new way to approach tasks. Moving 
something would for example create a more distributed and constant flow. However, the change 
for smaller machines is challenged by the current trend of making the machines bigger and 
bigger and getting more efficient by scaling the operation.   
 
The environment for which the machines work in needs to be considered. Construction sites can 
be of many different types. All of them involve different and complex tasks. The environments 
are never the same and are continuously changing along the way of the project. This means often 
changing tasks, routes and many other things. A construction site is a dynamic and complex 
environment, especially, when it comes to implementing autonomous machines. The machines 
that exist today can do some preprogrammed movement to for example travel from one point to 
another and dump the load, including obstacle avoidance. Looking at the demand and 
possibilities, the available solutions are not enough. Surely, having the machines accomplish 
more complex tasks requires more intelligence within the machine. It also puts pressure on the 
algorithms and the surroundings, which could help with providing information and a dynamic 
structure. (Volvo CE, 2017; Xu & Li, 2012; Barros dos Santos, et al. 201; Ibañez-Guzmán & 
Malcolm, 2002). It is of high value to make the machines more contextually aware. Making them 
smarter grants them the ability to conduct more complex and meaningful tasks on their own. 
Additionally, having more knowledge of things around them gives more benefits in terms of 
being able to plan ahead and collaborate with other machines to complete tasks which was 
impossible before for autonomous systems. For the fulfillment of the industry aim of being able 
to send machines to remote places and have them do complex construction work by themselves, 
the machines need to not only know of their surrounding but also interact with it as well as 
change it. They will need contextual awareness to know where all the points of interest are at the 
site they are working on. For example, to be able to build or construct something, there is a need 
for material. Therefore, it is of high importance that the autonomous machines can have a way of 
knowing about the material on the site to be able to find the specific type needed for a certain 
task. (Fulgenzi, 2009; Thrun, S. et al. 1998; Belaidi et al, 2017). 
 
As observed through several researches one of the main contexts where the autonomous 
machines needs aid in is the material management. Right now, they have no information of 
where the needed material is when starting a task. If the material is close to running out, the 
machines are not aware of it. Therefore, they have a logistical problem when it comes to 
conducting meaningful construction tasks. They need to know where the material is and the 
timeline for when it is planned to be moved and where. The amount of material left in stock is 
also of high importance for the machines and the site management. Improving the material 
management and connecting it to the autonomous machines have great potential.  (Ibañez-
Guzmán & Malcolm, 2002; Kanimozhi & Latha, 2014; Dakhli & Lafhaj, 2018; Patel & Vyas, 
2011; Safa et al. 2014). 
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1.3 Objectives 
 
 
The challenges and needs described earlier in this chapter, about how implementation and 
operation of autonomous machines in dynamic environments is challenging, have resulted in the 
subject for this master thesis. It has also developed and given the thesis its purpose. Furthermore, 
the comprehensive objective of this study is to investigate for a solution in the context. 
Evaluating technologies, that may already be available, but applying them in a new context for a 
unique and innovative approach for solving the research problem. The solution aims to provide a 
first step that can be used today and developed further with the changing needs. 
 
The sites and machines in the construction industry fulfill the described context well, and is 
therefore chosen as the main field of study for this thesis. Case studies are run alongside the pilot 
study with Volvo CE and Stanford university, with the aim to be the main source for data and 
information for the report. They include research within the field, interviews, field visits, 
relevant literature and many other types of data and information. The project will also end with a 
final solution for Volvo CE, aiding the conditions for implementation for their autonomous 
machines on the construction sites.  
 
 
 
1.4 Thesis question 
 
 
A research question has been developed to fill the existing knowledge gap and make sure that the 
purpose has been reached by the study. The answer to the question and the result of the 
performed study will be presented at the end of the report. The question to be answered can be 
seen below: 
 
 

How can the conditions for implementation of autonomous machines in dynamic environments 
be aided? 

 
 
The question can be broken down into looking at different aspects of implementation and also 
considering questions like: How tasks can be accomplished on remote areas without any humans 
being present? What outside information does the machines need to be able to operate on their 
own? What different technologies can be used for aiding the operation of autonomous machines? 
How can a potential solution fit today’s needs and be developed along with the rest of the 
technology?  
 
 
 
1.5 Delimitations 
 
 
This report will focus on parts related to industrial engineering and management, with applied 
IT. In other words, parts that are outside the area will either not be included in the report or 
vaguely described to support the result.  
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Some other limitations have been made for this research because of the area of autonomous 
machines being broad and including many variables. Furthermore, the broad discipline of 
material management has been limited to only look at all the parts going on at the construction 
site that can be used for the autonomous machines. this meaning the planning, implementing, and 
controlling the flow and storage of all material. The other brought up areas will also be focused 
on the related parts for the research problem.  
Since the case with Volvo CE assess with many areas and a large data, the research will only 
extract the relevant information to this study. 
 
Other limitations are the time length of the case study and research and the available assets. 
Volvo CE is financing through a VCE innovative product development initiative. Which means 
support in travelling, prototypes, material and field trips. It also means access to knowledge 
within the field in the corporate relationships as well as the teaching teams of BTH and Stanford 
University.  
 
 
 
 
1.6 Report outline 
 
 

 
Figure 1.1 The structure of the thesis report 
 
 
Introduction 
This chapter introduces the reader to the study. The purpose is to present the chosen subject and 
give some background information that motivates the selection of the study. The background 
leads to the purpose and problem formulation of the research. The reader is then presented with 
necessary information about the remaining parts of the report.  
 
 
Pilot study 
The following chapter presents the pilot study that is the larger study of which this research is a 
part of. The chapter includes an overview of the pilot study, the result and a small description of 
the collaborating partner Volvo CE.  
 
 
 

Introduction Pilot	study Theoretical	
Framework

Knowledge	
domains

Methods Data	
presentation Data	analysis Results

Discussion Conclusions Recomentations	
and	future	work
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Theoretical Framework  
This chapter has the purpose of giving the reader an understanding of the current outlook of 
theories and models that relate to this study. The approach taken for the theoretical framework is 
presented first, followed by the different theories. The chapter lays the base for the following 
chapters in this study. 
 
 
Knowledge domains 
The following chapter presents the reader with the relevant knowledge domains and tools used 
for the performed study. The different technologies that are considered and evaluated are briefly 
explained to fulfill the purpose of this chapter. Furthermore, the chapter concludes with a short 
summary.  
 
 
Methods 
This chapter presents and describes the methods that have been chosen for the study. This 
includes the research process, design, and the data collection and analysis methods. The chosen 
method and means are what shapes the study and what makes it possible to answer the thesis 
question. 
 
 
Data presentation  
The following chapter aims to present the reader with the collected data. As there was a large 
amount of data gathered for this research some aspects will be summarized. The data have been 
collected through the different methods described in the earlier methodology chapter, mainly: 
interviews, observations, field visits, literature, and workshops. 
 
 
Data analysis 
The chapter aims to interpret and analyze the collected information. This is done through 
connecting the theory to the data organized in groups. The selected groups for analysis are, the 
construction sites and dynamic environments, material management on construction sites, 
machines and systems, and including across them the implementation factors. 
 
 
Results 
The results of the performed study will be presented in the following chapter. The gathered and 
analyzed data along with the theory and knowledge domains have been used to disclose the 
result. The chapter explains what have been done, and the outcome. The result answers the 
previously stated research questions and purpose of the study. It also presents the final system 
solution of the study.    
 
 
Discussion 
The chapter ties all threads together by discussing the results in relation to previous research, the 
methodology, gathered data, and purpose of the study. The section discusses the different aspects 
and factors included in previous chapters and if the study achieved what it set out to achieve. 
Furthermore, the discussion gives an interpretation of the results, if they are good or not.    
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Conclusions 
This chapter presents the most important conclusions made during the study in relation to the 
purpose and objectives of the research. It considers the main research question and its different 
aspects.  
 
 
Recommendations and future work 
This chapter presents the reader with recommendations and future work within the domain. The 
recommendations are improvements, more detailed solutions, and other areas which could be 
investigated further.  
 
 
At the end of the report are all the used sources for the report listed in an ordinary matter. The 
references are followed by the appendix. The appendix is added to enable the reader to take part 
of additional information and content related to the performed work.  
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2 PILOT STUDY 
 
 
In the following chapter, the reader is presented with the pilot study that is the larger study of 
which this research is a part of. The chapter includes an overview of the pilot study, the result 
and a small description of the collaborating partner Volvo CE.  
 
 
 
 
2.1 Overview 
 
 
This research is part of a collaboration with the course ME310 at Stanford University and done 
within a global group of eight engineers equally divided at the universities. The group was 
assigned an innovation challenge by Volvo CE that was to find a solution within their prompt: 
 
 

“From elephants to ants – from Earth to mars” 
 
 
The interpretation is that they want to go from large human operated machines to small 
autonomous and maybe electrical vehicles, and looking at having sites at remote locations. The 
solution could be anything within the prompt suiting Volvo CE and their potential markets.  
 
The pilot study resulted in something that delivered on the set prompt and provided a potential 
solution for the future. It comes in to this research as a platform where different parts could be 
explored and studied, and it enabled the research to be more thoroughgoing, while also assisting 
in the understanding of the area.   
 
 
 
 
2.2 Volvo Construction Equipment 
 
 
The firm’s story started in Eskilstuna in the mid 1800’s with a small machine shop that focused 
on machinery for faster production in the agricultural field. Through merges and accusations, the 
firm developed, grew and changed their focus to the field of construction. (Volvo CE, a, no date) 
 
Volvo CE is today one of the world leading firms in the construction industry. They provide the 
industry with different construction machinery and solutions. The company have high regards to 
all the factors coming in to their products and services, and focuses on quality and safety. They 
are always aiming to be in the absolute fore-front of technology and are now seeing opportunities 
for autonomous and electrical construction equipment in the future. (Volvo CE, b, no date) 
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3 THEORETICAL FRAMEWORK 
 
 
This chapter has the purpose of giving the reader an understanding of the current outlook of 
theories and models that relate to this study. The approach taken for the theoretical framework 
is presented first, followed by the different theories. The chapter lays the base for the following 
chapters in this study. 
 
 
 
 
3.1 Theoretical framework outline  
 
 
Since the study is about how the conditions for implementation of autonomous machines in 
dynamic environments can be aided it is essential for the study to understand the different 
aspects and variables leading up to the defined area. The theoretical framework has therefore 
developed to consists of four parts, namely automation, dynamic environments, material 
management and implementation theories. Since the different theories are quite broad it was 
important to delimit them to the construction industry but still have interdisciplinary learnings 
that could contribute to the further exploration and understanding.  
 
 
 
 
3.2 Automation  
 
 
The application of machines to perform tasks that previously were done by humans or 
increasingly tasks that would otherwise be impossible is called automation. Although 
mechanization is a term used to refer to the mechanical replacement of human labor, automation 
normally implies the introduction of machines in a self-governing system. (Groover, 2018). The 
roots of the term “automation” comes from the manufacturing industry around the year 1946, 
where it was used to describe an increased use of machines and devices in a mechanized 
production line in the automobile industry (Goldberg, 2012; Groover, 2018).  
It was mainly larger companies that would invest in the technology, and the tasks were most 
often simple and performed in structured and somewhat static environments. At that time, the 
task could for instance be welding and joining of material. (Akan, 2014). However, since that the 
usage has expanded to all sort of systems where there is a mechanical, electrical or computerized 
action that do not need an active human role (Goldberg, 2012; Groover, 2018). It now has 
application in many areas, for example Transportation, Healthcare, Security, Construction, 
Agriculture, Energy (Goldberg, 2012).  
 
Automation in general use can be defined as a technology which aims to perform a process by 
means of programmed commands combined with automatic feedback control to ensure suitable 
execution of the goal. The result is a system capable of performing tasks on its own, meaning 
without human intervention. (Groover, 2018). In the development of the technology it has 
become more dependent on the use of computers and related technology, making the systems 
increasingly sophisticated and complex. Furthermore, with the meaningful advancements in 
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technology the recent years the automated systems represent a level of capability and 
performance that in many ways surpass the abilities of humans. (Groover, 2018; Xenia & Gwyn, 
2017). Proof of this is seen in the successful application in the several fields, sparking the 
interest of many other areas or situations where it has not been used before (Kangari & Yoshida, 
1990). The demand has become much higher, industries and areas wants to automate in more 
challenging areas, with harder tasks in more complex and dynamic environments. There are now 
even higher expectations on the efficiency and at the same time requiring more detailed and 
reproducible work with reduced risks (Xenia & Gwyn, 2017). 
 
The maturity of automation has reached a point where other technologies have developed from it 
and achieved recognition of their own. One of these areas is Robotics, a branch focusing on 
mechanical characteristics and intelligence to cope with tasks in an anthropomorphic or 
humanlike matter. (Goldberg, 2012; Groover, 2018). The industrial mechanical arm is the most 
typical example of humanlike robotics, it can be programmed to perform a variety of meaningful 
tasks in both traditional and non-traditional processes (Groover, 2018; Neto & Moreira, 
2016;2014). Both automation and robotics explore the possibilities of automated and semi-
automated machines (Goldberg, 2012). The distinction is as stated by the IEEE Robotics and 
Automation Society (2018) that "...Robotics focuses on systems incorporating sensors and 
actuators that operate autonomously or semi-autonomously in cooperation with humans. 
Robotics research emphasizes intelligence and adaptability to cope with unstructured 
environments. Automation research emphasizes efficiency, productivity, quality, and reliability, 
focusing on systems that operate autonomously, often in structured environments over extended 
periods, and on the explicit structuring of such environments." The statement highlights 
according to Goldberg (2012) how automation emphasizes structured environments, reliability 
and efficiency versus robotics that emphasizes unstructured environments, adaptability and 
exploratory operations. However, Goldberg (2012) proposes another view, where robotics 
emphasizes on feasibility and proof of concept, and automation on the other hand emphasizes on 
quality. Adding that robotics and automation are not disjoint as feasibility and quality are closely 
related. 
 
The principles and theory of automation shows that there are three basic parts that any 
autonomous system almost without exception will exhibit. These being, need of a power source, 
feedback controls and machine programming. Power and energy is needed for any form of task 
or action performed by an autonomous system, electricity is the most common and versatile as it 
can be generated from different sources, for example fossil fuel or solar, and readily be 
converted to other types of power, such as mechanical or hydraulic. (Groover, 2018). The 
feedback control system is also called closed loop control as opposed to open loop control. Open 
loop control refers to a system where the control action from the controller is independent of the 
process output. While in closed loop control the action from the controller is dependent on the 
process output, meaning the feedback. (Di Steffano et al. 1967; Groover, 2018). It is a system of 
feedback that tends to maintain a said relationship of one variable to another by comparing 
functions of the variables and using difference as means of control. In practice, it is usually 
continuous and involves taking inputs using sensors and making calculated adjustments to keep 
the variable in a set range. (Benentt, 1992; Mayr, 1970). It is the feedback control system that 
revolutionized automation in the different industries (Benentt, 1992). Machine programming is 
what instructs the autonomous systems of what it should do and how the various components 
must function in order to accomplish the desired result. Depending on the context the systems 
can vary considerably, simpler versions usually have a set of limited and well defined actions 
that are done continuously in a sequence, while more advanced systems have a scientifically 
greater set of actions and a deeper level of detail to be able to alter actions in respond to 
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variations. The programming is related to the feedback control in an automated system, 
establishing a sequence of values, inputs and actions to make up the complete system. Machine 
programming often include decision making capability in the control program, this in the form of 
logical instructions that govern the reactions of the system under different circumstances. 
(Groover, 2018; Sharma, 2017). 
 
Bock & Linner (2015) have for the realization and implementation future of autonomy in 
construction categorized essential new design and innovation management methodologies, and 
enabling technologies. Namely, robot-oriented design, robotic industrialization, construction 
robots, site automation, and ambient robotics. The different methodologies are needed as they 
present key concepts and show how future technological disruption could be implemented 
(Bock, 2015). Robot-oriented design can be summarized as design and management tools for the 
deployment of automation and robotics. This methodology enable efficient deployment as it is 
concerned with the adaptation of products, processes, organization and management, as well as 
the automated technology. It is also concerned with the life-cycle and generation related views 
related to the technology. (Bock & Linner, 2015; Bock, 2015). Robotic industrialization, 
consider automation and robotic technologies for customized component, module, and building 
prefabrication. In other terms, large-scale manufacturing of high-level blocks from lower-level 
components, creating units that can be assembled in a more efficient mater on site. Construction 
robots, regards basic technologies and single-task construction robots. Usually technology used 
in simpler systems on the construction sites to execute one type of specific task. Site automation, 
is an approach for setting up automated and robotic factory-like environments on the 
construction site. The aim with the methodology is to create a controlled environment that 
integrate networked machines system and improve on organization, coordination and material 
flow. Ambient robotics, consider technologies for maintenance, assistance, and service of the 
established systems. Merging the environment with the use of microsystems, assisting and 
creating seamless interaction with the surroundings. (Bock, 2015). 
 
 
 
 
3.2.1  Advantages and disadvantages 
 
 
Benefits commonly attributed to automation is a higher throughput in production and increased 
productivity, more detailed work with improved quality or increased predictability of quality. 
When machines are doing the work, there are less variability and the output is more consistent. 
This might result in a more efficient use of materials and reduced factory lead times. The 
replacement of workers results in direct reduced costs in human labor, while at the same time 
freeing up that worker to do other important jobs. Also, creating new jobs for development, 
deployment, maintenance and running of the automated processes. Furthermore, machines can 
replace work that is hard, physical or monotonous. (Groover, 2018; Lamb, 2013). The machines 
can also be designed to operate in extreme conditions and environments that are hazardous and 
otherwise beyond the human means (Bock, 2015; Kangari & Yoshida, 1990). They can even do 
tasks that are beyond human capabilities, such as strength, speed, endurance etc. Not having 
human workers at these types of sites that implies challenges increases the safety aspect and can 
reduce the occupational injuries at the same time (James & Michael, 2017). The additional use of 
automation is pushing for progress in sustainability, life conditions both for present and future 
generations. (Bock 2015). 
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Not all tasks can be automated, some areas might mean a higher cost to automate than others. 
The initial costs are high when implementing autonomy in a field or company. Machines might 
need maintenance to be able to continue operating, failure to do so could mean loss of the 
machine itself. (Arnzt, 2016). Machines face risks of errors being reproduced without being 
noticed and not understanding the problems like humans would do. One of the main 
disadvantages is the worker displacement due to machines taking over jobs, this is in most cases 
a stressful situation for the worker. The next job might not be easy to find, and the worker might 
need to relocate to find another job. Other times the worker may need to reeducate in another 
area since the previous area might not be needed anymore in the same sense. (Arnzt, 2016; 
Groover, 2018). Risks involve the environmental effect of creating and powering the machines 
and the possibility for technology to somehow endanger the civilization with increased 
possibility, power, and the society being dependent on them to work. (Arnzt, 2016; Groover, 
2018; Walz & Scheich, 2008). 
 
 
 
Advantages Disadvantages 
• Increased throughput and productivity. 
• Improved quality or increased predictability 

of quality. 
• More efficient use of materials. 
• Improved robustness of processes or 

product. 
• Increased consistency of output. 
• Reduced factory lead times. 
• Reduced operations cycle time 
• Reduced direct human labor costs. 
• Can accomplish tasks where a high degree 

of accuracy is required. 
• Replaces human operators in tasks that 

involve hard physical or monotonous work. 
• Reduces some occupational injuries  
• Replaces humans in tasks done in 

dangerous environments  
• Performs tasks that are beyond human 

capabilities of strength, speed, endurance, 
size, weight, etc. 

• Reduces operation time and work handling 
time significantly. 

• Frees up workers to take on other roles. 
• Creates new jobs in the development, 

deployment, maintenance and running of 
the automated processes. 

• High initial cost.  
• Unpredictable or excessive development 

costs. 
• Machines might need maintenance  
• Possible security threats/vulnerability due to 

increased relative susceptibility for 
committing errors. 

• Displaces workers due to job replacement. 
• Leads to further environmental damage  
• Creating dependency on machines for 

society to work 
 

Table 3.1 Main advantages and disadvantages of automation 
 
 
 
 
 
 



 

13 
 

3.2.2 Reasons to automate in construction 
 
 
Every nation and industry values and are interested in efficiency in order to achieve and sustain 
productivity and economic growth (Bock, 2015; Kangari & Yoshida, 1990). As Bock (2015) 
explains, when no natural resources are there to be exploited and sold, there is only one way to 
accomplish high economic sufficiency and that is via sophisticated technology. Some researchers 
focus on achieving the advantages of automation while some devote their efforts to the 
implementation, and others exploring the socio-economic feasibility (Kangari & Yoshida, 1990). 
It is stated that a more affordable and efficient socio-economical and socio-technical is required 
by todays era of technology and the age-related demographical change. (Bock, 2015; Kangari & 
Yoshida, 1990). For many areas and industries where the current outlook is not sustainable 
anymore and the yield is decreasing, automation is being considered (Kangari & Yoshida, 1990). 
 
It is estimated that half of the total investment that a nation puts in is allocated to the built 
environment. That is meaning the infrastructures and facilities around the nation, and thus the 
strategic importance of the construction domain is signified and emphasized. The labor 
productivity in the construction industry has been seen to be decreasing worldwide as strongly 
suggested by studies. This can be compared to manufacturing, warehouses and other industries 
that instead can be observed as rising. (Bock, 2015), Automation in the manufacturing industry is 
quite wide and have proven to be very valuable in creating detailed products in an efficient and 
effective matter (Altintas, 2012; Neto & Moreira, 2016;2014).  It involves everything from 
machine tools, metal cutting, computer numerically controlled, computer aided manufacturing, 
and sensor assisted machining (Altintas, 2012). In warehouses a big effort have been spent on 
finding optimal strategies for storing and retrieving of goods (Basile et al. 2012). The automated 
system of robots has reduced the time of storing, retrieving and packaging an order significantly, 
making it a good investment (Bogue, 2016).  
 
Construction has very low capital investment and intensity when comparing to other industries. 
It also has inappropriate work conditions, that may be sub-par for humans or have technological 
limitations. (Bock, 2015; Kangari & Yoshida, 1990). The younger demographic is showing less 
interest in the area. Additionally, the tremendous use of the raw material and energy in the 
construction process needs to be considered. This represents challenges which the conventional 
construction solutions do not have a solution for. Bock (2015) states that with the defects rates, 
cost overruns and the managements strategies used to encounter these issues not being either 
effective nor efficient it indicates that conventional construction has reached its possible limit of 
technological performance. Therefore, it is suitable to invest in technological advancements for 
construction.  
 
 
 
3.2.3 Challenges with automation in the construction industry 
 
 
Even though the large interest, the automation within the construction industry has not been 
going as fast as in other industries (Kangari & Yoshida, 1990). There are many challenges when 
considering automation in the construction discipline and the possibility of machines performing 
the work without any workers present. Having autonomous machines is not just new technology 
and machinery, they involve a complex solution with implications in many other areas, that in 
turn affect the economics which usually is the motivating factor if beneficial. (Brown, 1997). 
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The pace and extent of the adaptation of automation needs to be carefully calculated, as the 
economic implication can mean cost of developing and deploying the solutions (Manyika et al. 
2017). That initial investment can be very large. Additionally, automation means a vastly 
different way of working and a shift in investment (Brown, 1997). It changes conditions in the 
labor market dynamics, affecting the activities that will be automated (Manyika et al. 2017). 
 
The productivity in the field of construction has only seen a small increase compared to the 
others. On a construction sites, there have been attempts to create automated machines, these are 
however extremely specialized for certain tasks and work in a very constrained matter with 
humans observing and controlling their process. The process of implementation of a final 
solution have been very slow due to the posed challenges that mostly regard the dynamic 
behavior of the environment. The attempts only solve certain specialized tasks under a controlled 
environment and do not tackle the issue of being active in a dynamic environment without 
assistance. (Abderrahim & Balauger, 2008). From an automation perspective, the conventional 
construction site can be considered as a hostile environment for the machines. Most of the 
conducted tasks involve small components or the use of some kind of wet material. The spaces 
can be constricted and require skilled human workers. In dynamic environments, the mobility of 
machines comes with some constrains. The environment and workspace can affect the machines 
through the meteorological conditions and the actual space needed for the machines to operate, 
including unexpected events.  There will be a frequent movement of machines, material, and 
equipment as work progresses, this put constrains on the size and weight of the machines, for 
them to fit with the dimensions of the workspace, and having the right mobility and stability to 
be able to move and withstand different loads. As different construction tasks require different 
components types of different sizes and weights, the machines need to conform to the 
characteristics. Furthermore, its typical to have the presence of external contractors at the site, 
which introduce high level of uncertainty into the machine workspace in form of obstacles and 
modifications of areas. (Bock, 2015; Ibañez-Guzmán & Malcolm, 2002) 
 
Another big challenge to overcome, it is the safety risks that autonomous machines can pose, and 
the human trust in their autonomous capabilities. This can be observed in the automobile field. 
Self-driving cars might perform well in the structured and well defined environment of the roads, 
and have some degree of safety in the matter of unexpected events. However, there can still be 
some critical pieces of information missing. (Sethumadhavan, 2017; Zakharenko, 2016) 
 
Although many automation approaches are still in an innovation phase, it can be projected that 
with the continued effort given to the research and development for the industry, that it will soon 
enter the growth phase and face adaptation on a larger scale. Therefore, the development, 
innovation and implementation are important aspects, it being so challenging and disruptively 
changing the way that the areas and tasks are being viewed by society. (Bock 2015; James & 
Michael, 2017).  
 
There are no questions that the vision of automation is now much harder, the more difficult tasks 
and the dynamic environments require more complex solutions. The machines need more 
awareness and intelligence in form of planning and navigation to be able to complete meaningful 
tasks. If machines are to operate and complete tasks autonomously, they must be able to take 
care of themselves, and the means for logistics and material management must exist to provide 
them with the materials when needed. (Ibañez-Guzmán & Malcolm, 2002). There is gap on how 
automation can be implemented and what conditions to be considered. A dynamic structure that 
provides the autonomous machines with more information and context of the surroundings is 
needed. (Belaidi, H et al. 2017). 
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3.3 Dynamic environments 
 
 
The definition of something being dynamic, is something that is changing or being changed. 
Something that is in the state of flux and not static. A dynamic environment is distinguished by 
continuous change and lack of a set structure. (Business Dictionary, no date). Currently the 
implemented systems of autonomous machines are usually specified for certain areas and 
conditions. They are developed to be either for structured environments with a need to always 
have such structure present in their surroundings, or for unstructured environments and ignore 
any structure that may exist. When considering dynamic environments, the design of the 
infrastructure, and the system the autonomous machines work in needs to get smarter and more 
capable. There is a need for a hybrid autonomous system that recognizes and exploits structure in 
the environment. (Kolski, S et al. 2006). 
 
What today is being considered as dynamic environment, such as our vehicle systems could be 
argued not to be a real dynamic representation because of the presence of road networks, lines 
and signs for the cars to interpret, hence some structure can still be found and expected in most 
scenarios. (Kolski, S et al. 2006). However, good examples can be seen in places such as the 
planet Mars and in the medical field and hospitals (Yuanjie, T et al. 2015; Osa et al. 2014). The 
planet Mars is a good example of an environment which have high uncertainty and can be very 
dynamic. The planets environment includes complex pavements and factors, and human 
interaction with any machine operating there is highly limited (Yuanjie, T et al. 2015). Robots or 
as they are called rovers has been sent up for conducting tasks at Mars from the late 20th 
century. They have been there operating on and off since then, with each new successful trip 
paving the way for the next one, and each unsuccessful trip providing with learnings and more 
understanding. (Jet Propulsion Laboratory, no date). The factors considered for the 
implementation of the rover was for it to be able to complete its tasks efficiently and at the same 
time overcome the obstacles and ensure its safety, movement and automation. Regarding that it 
is in a real-time environment, and need to have a good planning, security, and stability. (Yuanjie, 
T et al. 2015). As there are little to no space for error, the development of the rovers take all 
factors and risks into account. Meticulously creating the machine to be able to withstand the 
environment of Mars, and able to conduct the tasks it set out to do. (NASA gov, no date). An 
interesting side-note is that this comparison with Mars as a dynamic and remote area to 
implement autonomous machines can tie back to the prompt of the pilot study provided by Volvo 
CE. Namely, “from Elephants to Ants – from Earth to Mars”. The medical field and hospitals 
also have a very dynamic environment, ranging from transports within the hospital to surgeries 
and specialized robots. Automation in the field shows huge potential for improvement, which 
could mean better performance and quality, in a field that involves the human health and life. 
The dynamic environment poses many challenges for automation, one of the problems is 
adaptive trajectory planning, that can adapt and learn during various stages of the surrounding 
environment. Osa et al. 2014). 
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3.3.1 Environments in the construction industry 
 
 
Initially the different types of sites in the construction industry can be defined. The term “site” 
are often used for a bound location where any type of project involving construction machines or 
workers exists. Defined by Volvo CE (2017) it can in fact be sites such as:  
 

• Building 
• Utilities 
• Road construction 
• Oil and Gas 
• Demolition 
• Waste and Recycling 
• Forestry  
• Quarry and aggregates  
• Mining 

 
These sites differ substantially from each other and have a variety of shapes and sizes. Having all 
these different types means a lot of different, complex and special situations depending on each 
context. For example, on a building site, there may exist tasks such as: investigation and 
planning, forest harvesting or removal of overburden, mass excavation, ground reinforcement, 
deep utilities, foundations, the actual building phase, site cleanup or repair and maintenance, and 
reinstatement and landscaping. (Volvo CE, 2017). Additionally, sites are multi-objective and 
uncertain in nature, and goes through different phases over time involving different activities 
(Xu & Li, 2012). All these scenarios and tasks make the site completely dynamic and differ a lot 
between the different type of sites. See Appendix G for illustrations of the different types of sites 
and some of the high-level tasks they involve. (Volvo CE, 2017).  
 
As the machines used on the sites today are usually the same on every type of site, which in turn 
is very dynamic in itself, it creates huge challenges for making the machines work autonomously 
without any human interaction (Barros dos Santos, et al. 2013). Characteristically the workspace 
of onsite construction is fragmented and continuously changing, there are a constant move of 
operatives to temporary locations at all time. The result is an unstructured and dynamic 
environment. The structure of a construction site is almost completely random and holds a high 
degree of uncertainty associated with the availability of moving machines, workers, moving 
material, and temporary storage spaces and so on. Weather conditions are also something that 
should be taken into consideration, as the different weather situations play a major part in what 
can be done on site at the respective time. Another factor is that construction happens in all three 
dimensions rather than just in a confined flat ground. Therefore, implementing any type of 
autonomous machines pose a big challenge and many problems to be solved. (Ibañez-Guzmán & 
Malcolm, 2002) 
 
When thinking about implementing autonomous machines on a construction site, the work 
environment is seen as controllable, that most tasks are executed in a pre-planned manner, and 
that the moving units are aware of their surroundings, but this is not the case. The integration of 
autonomous machines involves many system level challenges. Facilitating the environment and 
providing support in form of planning, logistics and energy for the machines, and making the 
machines smarter by giving them better features and functions. The machines need to have 
access to all relevant prior knowledge for planning, navigating and executing a task. The 
implementation also need a certain level of acceptability and have a focus on the economic 
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returns. These challenges are not only related to the future and autonomous vehicles, but it does 
even apply for today’s site managers. (Xu & Li, 2012; Ibañez-Guzmán & Malcolm, 2002; Barros 
dos Santos, et al. 2013) 
 
Today there exist very few to none fully autonomous and collaborating machines or robots at the 
construction sites. There are no clear methods or approaches for navigation and traversing the 
site to complete tasks. The uncertainty regarding the unknown nature of having autonomous 
machines and poorly informed workforce combined with the tight deadlines makes the 
introduction of the technology even harder. (Ibañez-Guzmán & Malcolm, 2002) 
 
 
 
 
3.3.2 Autonomous navigation in dynamic environments 
 
 
For autonomous machines to conduct meaningful tasks it usually involves some sort of moving 
through an environment. It is a particularly active research area with a few developed 
approaches, however no concluded one approach exists. (Kolski, S et al. 2006). For navigation, 
the machines usually find and performs a sequence of actions and movements that leads it to the 
desired position, with the wish to do it in a fast and safe matter and not encountering any 
obstacles. For a long time the automation was only addressed for navigation in a static and 
structured world (Fulgenzi, 2009). There exist various methods for autonomous navigating in 
such structured environments that works well. Probabilistic roadmap and potential field methods 
are suggested in several studies. (Yaonan W. et al. 2011). The probabilistic roadmap approach 
addresses mapping and localization, with the use of relations between static objects in the 
environment and the statistical account on machine motion and perception localization. Meaning 
that the machine builds a map and understands its positioning through sensing landmarks and 
distances, as well as being able to calculate own distances while traversing, and putting that in 
relation to each other. (Thrun, S. et al. 1998). The potential field method regards when machines 
have a potential work area set and is attracted to a target goal and repulsed away from obstacles 
in that area (Ge & Cui, 2000). Traversing through the area is estimated and predicted and usually 
have the help of structures such as lanes or similar for assistance (Kolski, S et al. 2006).  
 
However, even though the methods are performing good in structured environments it does not 
imply a good performance in dynamic settings. Their performance is limited when things are 
allowed to move in the workspace. Additionally, the nature of the real world generally imply that 
any prior knowledge about the environment is incomplete, uncertain or unknown. (Yaonan W. et 
al. 2011). Fulgenzi (2009) mentions the navigation sub problems and areas that machines are 
concerned with as:  
 

• Where am I?                Localization 
• Where are the obstacles?           Mapping 
• Where will obstacles be in the future?    Prediction 
• Is there a trajectory to the goal?       Motion planning 
• How do I execute the trajectory?       Trajectory following 

 
In order to solve these, the machines are equipped with intelligence, sensors and actuators 
(Fulgenzi, 2009). For perception, the robot is equipped with sensors for understanding own 
location and movements, and for getting information of the machines relation to the 
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surroundings. This is used for mapping and can be achieved with the help of GPS sensors for 
example. Furthermore, for additional information about the external world the machines are 
usually equipped with additional sensors, such as for distance, visual and noise, etc. For 
prediction and decision making the machines need to know of how the world can evolve and 
change, and predict its own state relative to how the world changes. (Fulgenzi, 2009; Thrun, S. et 
al. 1998; Belaidi et al. 2017). Given the goal the machines need to take decisions and actions 
based on satisfying the constraints and avoiding collisions with obstacles. The decision process 
must mainly be based on the gathered information by perception and the related accumulated 
knowledge. Actions should be taken in a closed control loop so that in case of flaws, the decision 
process can correct and continue. (Fulgenzi, 2009).  
 
The basis of the methods for dynamic environments build on the modelling of the environment 
and dealing with uncertainty (Kolski, S et al. 2006; Fulgenzi, 2009; Yaonan W. et al. 2011). The 
different approaches are either feature or data based. Feature based approaches compute the 
motion parameters based on the extracted and tracked features from the raw data, usually sensors 
data, such as vision, radar and laser. This approach requires knowledge of the features to track, 
and is therefore suitable for detection of defined classes of objects.  Raw data based approaches 
does not depend on any model of the objects, just the sensors for objects and motions. The 
method is less accurate for prediction, but is suited for when confronted with a range of different 
dynamic elements. (Kolski, S et al. 2006). The and navigation in dynamic environments can be 
done in a good matter, however it is still not completely solved for all types of dynamic and 
unstructured areas, that involve more challenges and additional complexity in conducting tasks 
as well (Kolski, S et al. 2006; Fulgenzi, 2009; Belaidi et al, 2017).   
 
 
 
 
3.4 Material management 
 
 
The discipline of material management is defined as the coordinating function responsible for 
planning and controlling the flow of material (Kanimozhi & Latha, 2014). It is an integrated 
process that involve people, organizations, technology and procedures used to in a desired matter 
acquire, transport, receive, inspect, identify, quantify, expedite, store and preserve materials, as 
well as equipment and associated information across the timeline of a project (Caldas et al. 
2015). The aim of material management is to get the right quality, right quantity, at the right 
place and time, for the right cost (Boran et al. 2009). Material management activities have been 
around for a very long time but it was firstly after the first world war that it was recognized as a 
discipline. It got more recognition and emphasis and slowly evolved with the realization of it 
being a major contributor to costs. In addition to the globalization of industry it became a critical 
issue for many organizations driving the high interest in the field. (Asif, 2010; Grant et al. 2006). 
 
Material management exists in most types of areas and industries, sometimes very planned and 
detailed, and other times just flowing naturally (Kanimozhi & Latha, 2014). To facilitate the 
flow, space and activity in relation to each other it is suggested by Tompkins et al. (2003) to 
consider departmental planning. It is depending on the variation and volume among the material 
appropriate to plan the departments and layout after intent and purpose to achieve an efficient 
flow. Tompkins et al. (2003) explains different types of combination strategies in production 
planning departments. When there is a stable demand for standardized items it can be planned in 
production line departments. For items with low demand and challenging movement, fixed 
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materials location department can be considered. For medium demand items that share 
similarities they can be grouped in product family departments. Furthermore, workstations that 
perform similar processes can be combined in process departments. For determining the 
groupings, it is important to consider the relation among and between the workstations and the 
overall facility. The material management will be affected by the planning in terms of distances 
and efficiency between operations. The layout design of the area and material system design are 
considered inseparable. (Tompkins et al. 2003) 
 
Tompkins et al (2003) suggest that material management is something that can be observed in 
everyday activities. It is time consuming and requires a lot of manpower (Goetshalckx & 
Ashayeri, 1989). Because of the amount of movement challenges can arise from a range of 
different contexts, for example the occurrence of unnecessary movements giving higher costs 
and longer lead times. (Tompkins et al. 2003). Manufacturing companies can show tendencies of 
behavior due to the ways of working usually being based on routines with no further thoughts 
put in to questioning the means (Thongmal Larsson, 2010). Fortunately, there most often exists 
several different solutions that can be implemented to solve these and achieve efficient flows. 
The possibilities are many and improvements of the area can therefore result in significant cost 
savings. (Tompkins et al. 2003). Hines & Rich (1997) argues the importance of removing events 
that does not bring any value to the final product, transportations and handling material are some 
of the events being considered. Both Tompkins et al (2003) and Hines & Rich (1997) argues for 
an ideal goal of entirely eliminating activities for material handling and putting those efforts 
completely into value-adding events. However, some operations sequences are considered 
necessary even though they do not contribute directly to the end value (Hines & Rich, 1997). It is 
therefore suggested that a more appropriate and practical goal would be to minimize the material 
management and handling (Tompkins et al. 2003).  
 
In terms of good examples of material management in practice, it can be seen especially in 
warehouses. Finding optimal strategies for storing and retrieving of goods autonomously in 
warehouses has been ongoing since 1990 according to Basile et al. (2012). Since that it has and 
still is becoming more and more intelligent. Everything is getting optimized from the budgeting 
and ordering to the waste management. Material is stored in standardized units such as pallets 
and specific containers. Automation of the discipline is something that is spreading and being 
implemented increasingly often. The routing optimization has been one of the key technologies 
for the intelligent behind autonomous logistics. (Zhou et al. 2014; Basile et al. 2012). The 
automated system of robots has reduced the time of storing, retrieving and packaging an order 
significantly, and share the synergies of advantages and disadvantages as for automation (Bogue, 
2016; Grant et al. 2006). Therefore, it is considered to be a good investment for larger 
warehouses that focuses on fast deliveries as a value adding aspect of their business even though 
automated material systems are capital-intensive investments (Bogue, 2016; Goetshalckx & 
Ashayeri, 1989). Furthermore, this is also acknowledged by Iannone (2013) for the medical 
fields, material management is an important aspect that influences the work and financial 
outcomes. To get the best result there is a need to seek, select, adapt, implement and optimize the 
practice. The whole supply-chain is taken into consideration in the discipline. Exploring different 
ways to potentially use IT systems and automation to reduce the cost without affecting the 
quality. (Iannone, 2013). For other similarly complex areas, the methodologies used can be 
considered as good starting points when modelling and implementing an autonomously managed 
system. Even though, there still are at this point, some human operators involved for monitoring 
and helping with the tasks. (Bock, 2015; Bogue, 2016; Grant et al. 2006).  
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3.4.1 Material management on construction sites  
 
 
Material management is considered due to material being a central factor in many areas and 
disciplines, especially in construction where most of the costs are contributed to the construction 
material. The actual percentage is argued between different researchers, however they all agree 
that it is more than 50%. (Kanimozhi & Latha, 2014; Dakhli & Lafhaj, 2018; Patel & Vyas, 
2011; Safa et al. 2014). For description, the most occurring processes in construction can be 
divided into five main categories. The first one is the planning procedure that comprises material 
estimation, budgeting, ordering and scheduling. The second process is the procurement which is 
described the purchase of material and services from third parties to support the operations. The 
third being logistics that emphasizes movement, it may include parts such as planning within 
logistics, implementing and managing the flow and storage of all material. The forth is material 
handling, which includes all aspects of all movements. The fifth and last one being waste control 
that comprises all management of material seen as waste. (Kanimozhi & Latha, 2014; Khyomesh 
& Chetna, 2011). 
 
The purpose of material management on a construction site is coherent with other industries, 
namely to efficiently manage all material resources and coordinate the material with all other 
parts of the project in a good matter. As material represent a major expense in construction it lies 
opportunities to reduce the overall costs of the project by managing it as well as possible. To 
understand the real purpose, it can be explained through the risks of managing the material 
poorly. Having the material purchased too early might result in capital being held up and interest 
charges suffered on excess inventory. Stored materials also face other risks such as depreciation 
and threats of larceny if no special measures are taken. Having delays of the purchases may 
result in extra expenses if the required material is not ready for a certain activity. It is therefore 
highly important to ensure a timely flow of material, making sure that the right material is at the 
right place at the right time. (Khyomesh & Chetna, 2011; Ashwini & Smita, 2013; Caldas et al. 
2015).  
 
Patel & Vyas (2011) describes the major challenges and problems of material management in 
construction sites along the different phases. The results of the research surveys are gathered in 
tables below: 
 
 

Material Identification 
Problem Description 
Undefined scope  No good definition of what is wanted  
Lack of communication Lack of communication between parties 

involved 
Incomplete drawings Plans are not completed and details are missing 
Lack of conformance to requirements What is wanted by the customer is not what is 

prepared 
Nonstandard specifications Use of specifications that are not commonly 

used 
Incomplete / ineffective meetings Issues not resolved during meetings 
Difference between plans and specifications Don’t communicate exactly what is wanted to 

suppliers 
Not determining when and what materials are 
needed 

 

Table 3.2 Material identification problems (Patel & Vyas, 2011) 
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Procurement problems 
Problems Description 
Availability of material  
Availability of quantity  
Matching price to competitor’s price Price reduction to match competitor’s price 
Late deliveries Materials are not delivered as per schedule 
Late or incorrect submittals  
Poor communication Lack of communication between parties 
Lack of conformance to requirements What is wanted is not what is prepared 
Unrealistic delivery dates Delivery dates impossible to meet 
Vague stated requirements Lack of communication 
Re handling of materials Materials to be moved from one place to another 
Storage of materials Storage areas are limited or are far from 

working area 
Theft  
Damaging Damage during handling or other conditions 

Table 3.3 Procurement phase material management problems (Patel & Vyas, 2011) 
 
 

Construction phase 
Problems Description 
Incorrect type of material delivered There are differences in material ordered and 

delivered  
Incorrect sizes delivered  
Incorrect quantities delivered  
Keeping track of material Don’t know where materials are at a certain 

period 
Re-handling of material  
Storage of material  
Loss of material  
Damage  
No supplier QA No quality assurance from supplier 
Poor communication  
Receiving, handling and storage of unused 
materials 

 

Table 3.4 Construction phase material management problems (Patel & Vyas, 2011) 

 
 
 
 
3.5 Implementation 
 
 
The act of implementation can be described as putting to effect or driving a plan into action and 
fulfillment (Peters et al. 2013; Bhattacharyya & Zwarenstein, 2009). As explained by 
Bhattacharyya & Zwarenstein (2009) the rational for implementation research is often to bridge 
and close the gap between knowledge and practice. Studying implementation is to consider 
different methods and ways to promote the uptake of findings into reality (Bhattacharyya & 
Zwarenstein, 2009). Additionally, to facilitate an appropriate selection and application of 
implementation it is suggested to use both an empirical and practical approach, and having an 
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interdisciplinary outlook on the models and frameworks (Nilsen, 2015). Peters et al. (2013) 
explains that the implementation research can overlap with other types of research, as 
distinctions are not always that clear.  
 
Implementation should be considered due to that there usually is a large gap between what is 
known and what consistently is practiced, this despite the growing knowledge in the field 
(Bhattacharyya & Zwarenstein, 2009). Additionally, when the area is of a more uncertain type, 
meaning that there are several ways or directions that can be taken, the implementation usually 
increases in difficulty. Apart from developing and creating a solution for a problem, the 
implementation and the change it brings can be a challenging. (Bock 2015; James & Michael, 
2017; Ibañez-Guzmán & Malcolm, 2002). Another implication of complex systems is that the 
implementation activities and effects are not usually static or linear. Consequently, multiple 
methods and sources of information needs to be considered for the research. (Peters et al. 2013). 
For something completely novel, the needed changes for implementation can be so substantial to 
the given area that it requires large initial investments, change management and time. Therefore, 
the act needs to be meticulously planned and executed to maximize the benefits. (Arnzt, 2016). 
 
To be able to measure the gap between knowledge and practice, an evidence based practice 
should be used, which means having evidence of knowledge and practice to create a basis for 
comparison. The conditions for implementation is the different variables that goes in to this 
practice. (Bhattacharyya & Zwarenstein, 2009). In the process of planning and monitoring the 
conditions can be used as a checklist for the expected outcomes (Ely, 1990).  
 
However, as Bhattacharyya & Zwarenstein (2009) states, even when evidence is very strong, the 
practices are not consistently followed. They further elaborate on how to measure the gap in 
different practices and interventions within the medical field. The key reasons for the gaps as 
they state is the variation of amount of information in the different interventions, leading to a 
similar or greater degree of variation in practice. Additionally, there are relatively low levels of 
recommended practice demonstrated in some areas and varying adherence to guidelines between 
different groups. The reason of why the gap exist can be traced back to several causes, but 
mainly they touch upon having poor quality of guidelines, not effectively fulfilling the related 
requirements, making them more difficult to use and their recommendations potentially less 
likely to be followed.  
 
Even when good information is highly available the rate of evidence based best practice 
becoming common practice is vastly variable. There are a range of barriers for taking up 
evidence in to practice. Some of the barriers being, compatibility with the values of the users, 
complexity of the information and particularly when being vague and non-specific, and 
demanding a change of already established behaviors and routines. All these and even more 
factors needs to be considered when planning for implementation. (Bhattacharyya & 
Zwarenstein, 2009) 
 
Regardless of many systematic reviews of implementation interventions, some fundamental 
questions concerning what approach that should be used in which situations are still unanswered. 
Bhattacharyya & Zwarenstein (2009) argue that the future implementation studies should 
consider the context and key features of the area to better be able to enforce the implementation. 
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3.5.1 Models and frameworks for implementation 
 
 
Nilsen (2015) proposes three overarching aims used in theoretical approaches for 
implementation science with five related categories.  
 
One aim is describing and/or guiding the process of implementing knowledge into practice, the 
related category is process models. The description of process models or as also called process 
frameworks is to specify steps/stages/phases in the process of turning research and knowledge 
into practice, also including the implementation and use of research. An action model is one of 
the types of process models used for providing practical guidance or strategies in the planning 
and execution of implementation interventions. (Nilsen, 2015). According to Graham et al. 
(2005) the aim is used in situations to guide or cause change. Furthermore, the usage of the 
models or frameworks emphasizes the importance of careful and deliberate planning, especially 
in the early stages of implementation interventions.  
 
Another aim is understanding and/or explaining factors that influences implementation 
outcomes, here the related categories are determinant frameworks, classic theories, and 
implementation theories. Determinant frameworks can be clarified as specifying types, which is 
also known as classes or domains, of determinants and variables which act as barriers and 
enablers that impact implementation outcomes. Some of these frameworks can specify individual 
determinants and relationships between some types of determinants. The extended aim for this 
category is to also give predicting outcomes or interpreting results retrospectively. Classic 
theories can be described as the theories that originate from fields not specific to implementation 
science that can be applied to provide understanding and/or clarification to aspects of 
implementation. Implementation theories are theories that have been developed from start by 
implementation researchers, using a whole new approach or adapting existing theories. The 
overall usage of this aim is focused for areas that requires new practices (Nilsen, 2015).  
 
The last-mentioned aim is evaluating implementation, with the related category being evaluation 
frameworks.  The category, evaluation frameworks, can be described as specifying the aspects of 
implementation that could be evaluated to accomplish implementation success. (Nilsen, 2015). 
The variables which are used to assess the outcomes and how well the intentional 
implementation actions have been performed are, acceptability, adaptation, appropriateness, 
feasibility, fidelity, implementation cost, coverage, and sustainability (Proctor et al. 2011; Peters 
et al. 2013; Nilsen, 2015). Although the aim is in an own category with own theories, models and 
frameworks, the other aims can also have evaluation parts and apply for some evaluation 
purposes. (Nilsen, 2015). 
 
The following figure provides an illustration of the explained aims and categories and how they 
relate. However, it is important to note that there is a considerable overlap between some of the 
categories mentioned. They can be used in different combinations to provide a more fulfilling 
implementation research. (Nilsen, 2015) 
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Figure 3.1 Illustration of the three aims of the use of implementation science and the five 
categories of theories, models and frameworks (Nilsen, 2015)  
 
 
The models and frameworks that are used in theoretical approaches for implementation science 
can vary and there is no one way straightforward approach. However, the overarching aims lists 
an extensive and covering menu that can be used to address various implementation challenges. 
The researcher Nilsen (2015) have pragmatically considered fields and disciplines, finding 
relevant approaches and thus enhancing the interdisciplinary and multi-professional nature. 
(Nilsen, 2015).  
 
For the actual steps and elements for conducting implementation research Graham et al. (2005) 
and Bhattacharyya & Zwarenstein (2009) have compiled a list that are mostly occurring across 
the different aims, theories, models and frameworks in implementation studies:  
 

1. Identify gaps and the need for change. 
2. Identify barriers to consistent use of guidelines. 
3. Review evidence on implementation interventions. 
4. Tailor or develop intervention to improve performance. 
5. Implement intervention. 
6. Evaluate the process of implementation. 
7. Evaluate outcomes of the intervention  

 
The key to an effective implementation study is to accurately identify the gaps between current 
and best practice. These interventions should be focused on frequently upcoming quality issues 
where there is room for improvement. Given the cost it is important to target the areas that could 
potentially maximize the impact. (Grol & Wensing, 2004; Shojania et al., 2006). There are a 
wide range of barriers for the consistent use of guidelines covering provider, operator, 
organizational and system factors. Even though the berries identification is a reasonable strategy, 
there usually is a mismatch between the chosen interventions and the identified barriers. 
Additionally, Bosh et al. (2007) states that the methods are not yet well developed and that it is 
too soon to assess the effectiveness. (Bosh et al., 2007; Shaw et al., 2005). Once a gaps and 
associated barriers have been identified, then the evidence review could take place with a base in 
literature to evaluate interventions that could overcome the challenges effectively (Bhattacharyya 
& Zwarenstein, 2009). The next steps involve the tailoring and developing of the appropriate 
implementation strategy based on the findings. When the intervention is set, it is time to put the 
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implementation to action. (Campbell et al., 2007; Solberg et al., 2000). Since the variations of 
outcome effectiveness may be due to incomplete implementation rather than true variations, it is 
important to evaluate the process (Habicht, Victora, & Vaughan, 1999). The process evaluation 
should take the contextual factors, such as cooperation for stakeholder, budget changes in to 
account. The result demonstrates the degree of implementation and the feasibility. Evaluating the 
intervention outcomes is thereafter done to check the different factors of outcome and whether 
the effect will persist after the end of the implementation. (Bhattacharyya & Zwarenstein, 2009). 
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4 KNOWLEDGE DOMAINS 
 
 
The following chapter presents the reader with the relevant knowledge domains and tools used 
for the performed study. The different technologies that are considered and evaluated are briefly 
explained to fulfill the purpose of this chapter. Furthermore, the chapter concludes with a short 
summary.  
 
 
 
 
4.1 Communication and positioning technologies 
 
 
The different technologies the study considers for solving communication and positioning are 
presented below. 
 
 
 
 
4.1.1 Global Positioning System (GPS) 
 
 
GPS stands for Global Positioning System. It involves a network of about 31 active satellites (32 
in total) going around the world, where some of them woks as backups. It was originally 
developed for military use by the US government, but is now available for anyone with a GPS 
device. A GPS receiver on Earth is always visible for at least 4 satellites. These satellites 
communicate with the receiver at lightning speed, each satellite then calculates the time it took 
for the message to arrive and converts it to a distance. When this is done by all visible satellites 
they can pinpoint the location of the GPS receiver. This is technically done by putting up circles 
around the satellites with the radius as the distance to the receiver, and then looking at the point 
where the circles interconnect. See figure below for an illustration of the method called 
Trilateration. (Physics.org, no date). Although being very accurate outside it has large issues 
when being indoor. This is because the signals being sent are easily disrupted by anything 
coming in between, like for example rooftops and walls. (Weyn, 2008) 
 

 
Figure 4.1 GPS Trilateration to get position. (Physics.org, no date) 
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4.1.2 Wi-Fi 
 
 
Wireless networking technology is often called by the popular name Wi-Fi. It uses radio waves 
to wirelessly provide network and internet connections of high speed. Except for networking 
there are a lot more usage areas for Wi-Fi. One of the capabilities being positioning through a 
Wi-Fi infrastructure. There are different methods for doing positioning with Wi-Fi. The solutions 
are often used in indoor situations, and seen as not optimal for outdoor use. This is because the 
Wi-Fi receiving device always needs a working infrastructure to connect to. (Kjærgaard et al., 
2013)  
 
Even though not optimal on its own, it is a good complement to any positioning system to be 
able to connect to a network and the internet to communicate information in both ways.  
 
 
 
 
4.1.3 GSM and mobile 
 
 
GSM stands for Global System for Mobile Communication. Its development of it started in 1982 
as a standard for digital mobile communication. Its widely used today in many types of mobile 
devices, and its functionality has been expanded. The design of the system makes it capable to 
use as a positioning service. There are several methods of doing this and some are very similar to 
how it is done by GPS. See figure below of the three cellular towers using a method like GPS 
positioning with three or more satellites. Each tower calculates the distance to the mobile device 
by using the time it takes to send and receive the signal. This distance is then used to put up a 
circle with the same radius as the distance, and where the three circles intercept is where the 
mobile device is positioned. Even though GSM has a lot of functionality, the accuracy is 
unfortunately much lower than with GPS. Comparing the system to GPS positioning, the main 
difference between them is that the GPS devices do not send any information to the satellites. A 
one-way communication, which implies that only the user himself knows his location when 
using GPS. (De Groote, 2005) 
 
 

 
Figure 4.2  Illustration of positioning using cellular towers. (De Groote, 2005) 
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4.1.4 Bluetooth  
  
 
Bluetooth is a technology used to send and receive information. Since the introduction of BLE, 
Bluetooth Low Energy radio protocol, it provided new opportunities for positioning where it 
would previously be performed using Wi-Fi. The BLE devices support portable batteries and are 
small in size. They are also low in cost and can be easily distributed which gives them an 
advantage over a Wi-Fi based solution. The devices are often called Bluetooth beacons. 
However, just like the Wi-Fi based solutions, it is mostly suited indoors, and still have some 
challenges to overcome. (Faragher & Harle, 2015) 
 
 
 
4.2 Hardware technologies  
 
 
The following part chapter includes information surrounding different hardware technologies 
considered and evaluated for the suggested system solution. 
 
 
 
4.2.1 Circuit board 
 
 
Raspberry Pi 
A small single-board computer used for development. Raspberry Pi or RPI for short, comes in 
different variants, namely a bigger one which involves some better components and a smaller 
one for more compact builds. The smaller one is called Raspberry Pi Zero W and the W at the 
end marks that it is the updated version of the Zero line including wireless capabilities such as 
Wi-Fi and Bluetooth, which both are mentioned and described in the subchapters above. (No 
author, 2017a) 
 
 
Asset Tracker  
The Asset Tracker is a specialized solution created by the company Particle. Just as the name 
suggests, it focuses on tracking assets, with a bunch of different sensors running onboard. It runs 
the communication over cellular network, mentioned in above subchapter, using an own network 
solution. The integrated sensors can track location, using a GPS shield, temperature, acceleration 
and other variables. It comes with its own software solutions that can be integrated with other 
third-party. (Particle, 2017) 
 
 
 
4.2.2 Display Technologies  
 
 
Electronic paper 
A display type that mimics the appearance of an ordinary paper with ink on it. The type goes by 
many names, e-ink display, and electronic paper or e-paper for short are the most used ones. 
Unlike other display panels, the technology does not emit any light of its own, it reflects light 
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just like a paper. This provides a comfortable viewing experience that do not put as much strain 
on the eyes as other display types. Another upside for the technology, is that it only needs energy 
when changing the contents on the screen, otherwise the latest contents stay there without the 
need of any new energy at all. This makes the technology suitable for devices that require low 
energy consumption, or favors long battery life. A backside for the technology is that it does not 
support colors. (No author, 2017d) 
 
 
Liquid-crystal displays  
A flat-panel display technology that uses liquid-crystals to modulate the light from an external 
source such as backlight for example, as the crystals do not emit any light of their own. Liquid-
crystal displays are often called by their acronym LCD. The technology is widely used for a 
range of different applications, such as televisions, computer screens, and mobile devices. The 
technology can show a variety of colors and can be viewed in the dark as it emits light. The 
downside is that even though it has relatively low power consumption, it still falls short 
compared to e-paper screens in this aspect. (No author, 2017e) 
 
 
 
4.2.3 Other hardware technologies  
 
 
Battery 
The main consideration while choosing battery type is that it should have enough energy to be 
able to power the selected device for the set-out time, and whether it should be rechargeable or 
exchangeable in the device. The considered type of battery is of the Lithium-ion type. Combined 
with a small circuit board to be able to charge and distribute the right current to the other 
hardware. Lithium-ion batteries are common in industries and electronics. (No author, 2017b) 
 
 
Connectors and cables 
One considered technology for cables and connectors have been Micro USB. USB stands for 
Universal Serial Bus and comes in many variations, one of the smaller ones being the Micro 
USB type. USB cables and connectors lays a standard format for desktop and portable 
equipment. The Micro USB type supports high speed data transfers and power delivery and is 
one of the most universally used connector for electronics today. (No author, 2017c) 
 
 
 
4.2.4  Ingress Protection rating 
 
 
Ingress Protection rating is a code to classify the protection an electronic device has against the 
intrusion of solid objects, dust, and liquids. The code is used as an international standard. It starts 
with IP which stands for Ingress Protection, followed by two numbers. The first number stands 
for the protection of solids, and ranges from 0, meaning it is not protected, to 6, meaning it is 
dust tight. The second number stands for liquids and starts at 0 meaning it is unprotected to 8 
meaning immersion beyond 1m. For example, the best IP rating is IP68 which means the device 
is dust proof and can be immersed beyond 1m of water. (Dsmt, 2017) 
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4.3 Software technologies  
 
 
Information about the evaluated software technologies and platforms to use for aiding the 
implementation of autonomous machines in dynamic environments through a technological 
system solution are presented in this subchapter. 
 
 
 
4.3.1 Overall software 
 
 
The different hardware technologies have been accompanied by different software. The 
Raspberry Pi can run a range of different software, most often a UNIX based operating system is 
used, which can in turn run a wide range of different software and programs on top. (No author, 
2017a). The Asset Tracker comes as a part of a system combined with software solutions for 
conducting different tasks (Particle, 2017). All other hardware comes with different connecting 
software such as drivers and libraries for using the hardware together. 
 
 
 
4.3.2 Database 
 
 
A database is an organized collection of information. The data is presented in tables with 
columns and rows, and can easily be accessed, managed and updated. Databases can also hold 
more complex functions and procedures to manage the data. There are different types of 
databases available, one of them being a relational database. The type is made up by a set of 
tables with data that fits into predefined columns. The standard way of interacting with the 
database is done through an application program using the Structured Query Language (SQL). 
(Rouse, 2017) 
 
 
 
4.3.3 Interaction  
 
 
The presented system solution will interact with different types of stakeholders both today and in 
the future. Different technologies evaluated to provide the experience for the different users are 
described below. Today it is thought that human workers and some machines might interact with 
the system, while in the future the majority might be autonomous machines.   
 
 
Augmented reality and Virtual Reality 
Augmented reality or AR for short is a device which enables digital interfaces around the user in 
combination with the real-world environment surrounding. The elements of the world are 
augmented, giving it the name augmented reality. By contrast, Virtual reality surrounds the user 
with an alternate environment different from the real one, making the experience virtual. The 
different technologies could be used as demonstration of certain capabilities, and in working 
environments. (No author, 2017f) 
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Application 
For the simple interaction with the system an application will be created. An application program 
is a software designed to perform a group of coordinated tasks and functions. The application or 
app for short can run on different types of platforms, desktop, such as Windows or macOS and 
mobile, such as iOS or Android. (No author, 2017g) 
 
 
 
 
4.4 Summary 
 
 
To briefly summarize, the topics presented in this chapter provides the tools for being able to 
achieve a new concept with existing technology. The domains presented will prove to be part of 
the system solution presented in the study. They themselves are known technology, but have not 
been used or considered in this type of context before, which will be shown in this study.  
 
The chapter covers positioning technology, such as GPS, Wi-Fi, GSM and mobile and Bluetooth. 
It also covered the different hardware technologies for circuit boards that are included in the 
study and other, such as displays and batteries. The software part of the solution is also covered 
briefly to explain the different aspects that are considered. See the diagram below of a 
summarizing illustration of the knowledge domains. 
 
 

 
Figure 4.3 Summarizing illustration of the knowledge domains  

System	
solution

Positioning	
technology Hardware Software
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5 METHOD 
 
 
The following chapter presents and describes the methods that have been chosen for the study. 
This includes the research process, design, and the data collection and analysis methods. The 
chosen method and means are what shapes the study and what makes it possible to answer the 
thesis question. 
 
 
 
 
5.1 Research process  
 
 
To answer the defined problem formulation an initial direction was taken, but was then modified 
over the time of the study. The initial stages were to gather domain knowledge to understand the 
area and clearly identify the research problem and objective. With this the next stages became 
clearer and paved the path forward. However, it was not a linear process, rather an iterative one 
with a constant back and forth during the research. Given the problem statement and theory 
mentioning how measuring the gap between knowledge and practice for implementation is an 
evidence based practice, an exploratory approach was taken. It was appropriate because the 
research problem was of an unsure type and needed to be explored and as much of the work was 
focused on problem setting, defining and collecting evidence. The method was and needed to be 
flexible as new information became available during the process that developed new 
perspectives. In line with the theory by Saunders et al. (2009) and Ghauri & Grönhaug (2010) it 
was particularly useful in this situation to clarify the understanding of a problem and where 
linear approaches might not be as flexible. The final process used was aligned to the funnel 
model proposed by Edmondson & McManus (2007) and is presented in the figure below. The 
funnel shape of the research process also illustrates the fact of how various options becomes 
limited and the direction narrows down and become more specific as time goes on in the 
research. This process is necessary for the research to be able to determine scientific areas and to 
formulate the research problem.  
 

 
Figure 5.1 Funnel research process (Edmondson & McManus, 2007)  
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The intention with the research method is to empirically and practically understand the theory of 
implementing automation in dynamic environments. It means analyzing the current outlook of 
automation in the construction industry, the features, material management and the 
implementation strategy. Combining that with practical research and prototypes on how to solve 
some challenges, and getting further empirical findings and data on implementation within this 
context.  
 
For the practical part the design innovation process and design thinking was used. It is a cyclic 
approach which includes a range of parts that can be seen in the figure below. The approach is 
suited for this type of practical research where the nature is somewhat unsure and explorative as 
it is adaptable and encourages different viewpoints and the entering of new information along the 
way of the research. By going through the process over and over, it provides more learning, and 
maximizes the insights. The iterative nature of the process makes the end result a refined design 
innovation backed with key insights. (Saunder d.studio, no date; Solomon, A. 2013). To briefly 
explain the process helped in gathering knowledge and understanding to the research, by giving a 
framework to come up with practical solutions and test them, doing it multiple times in different 
iterations with improvements each time, in an efficient matter that suited the timeframe of the 
research.  
 

 
Figure 5.2 Design innovation approach from the course ME310 at Stanford University.  

 
 
To research every aspect of implementation of autonomous machines and systems would be too 
comprehensive, therefore a first step to define the scope is necessary. Since the companies are 
the ones that creates the machines and systems to fit the needs of the consumers, and because it 
is unclear who the consumer of autonomous machines will be, it seemed most appropriate to 
investigate from the company aspects. Due to that it would not bring sufficient understanding by 
taking the consumer perspective it is put as out of scope for the study. However, the consumers 
were not totally excluded as the company has the industry and users in consideration for the 
development and implementation. Since the companies are using the process it was assumed that 
they might have the necessary information. Even though there are no straight up single way of 
conducting this study, the systematical execution of the research justifies the used methods 
(Saunders et al., 2009). The systematical and iterative process of this research is therefore in line 
according to literatures of research methodology.   
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5.2 Research design 
 
 
Before gathering empirical and practical data a close analysis of the domains of automation and 
construction industry were conducted. This was useful to first get an understanding of the 
challenges of implementing automation in dynamic environments and helped in shaping the 
questions for the initial interviews held. With the explorative approach taken for the research, it 
later indicated for an inductive approach with hints of deductive for the practical parts of the 
research. This because induction is useful for trying to confirm or form a theory, while deduction 
is useful for trying to approve or reject information to form theory (Saunders et al., 2009).  
 
The research takes a primarily qualitative design for building an understanding of the science 
with some quantitative parts to test and verify solutions that are brought up through the practical 
experiments and parts of the study. Saunders et al. (2009) and Ghauri & Grönhaug (2010) 
describes the differences between the two as quantitative studies are used to investigate the 
relationships with variables and using measurements, and qualitative is used to investigate 
relationships between entities with no use of measurements. However, the quantitative strategy 
that was set in the start of the research became limited, but supported by the iterative process that 
gave a refined solution backed by the key learnings of each iteration. The choice of design is 
considering that it is an explorative study with a combination of induction and deduction and is 
completely needed to be able to answer the research problem which requires both empirical and 
practical understanding. It is normal that a mix of the methods is used in research for data 
collection and analyzing, this is because of different methods can both enrich and conform the 
study. (Greener, 2015).  
 
The research design provides a framework for the collection of data while it influences the 
quality and type of research. It is and overall plan for relating the research problem to the 
findings. According to Ghauri & Grönhaug (2010) it is a common mistake to investigate a poorly 
understood problem with a structured research design. The chosen unstructured and open design 
enabled the researcher to comprehensively investigate and understand the challenges of 
implementation of autonomous machines in dynamic environments and answer the research 
question.  
 
 
 
5.3 Data collection 
 
 
The collection of data can be done in different ways, due to it being advantageous to gather more 
evidence and knowledge from different viewpoints while measuring the gap for implementation 
several methods have been chosen. The study includes collecting both primary and secondary 
data. The collection methods planned for this study are experiments, case studies, interviews, 
verbal reports, observations through field visits, and workshops.  
 
Field visits and interviews played a big role in the beginning of the research, as there was a need 
to get an understanding of the domain. The combination of field visits and interviews created the 
ability of learning through observations and at the same time inquiring answers to the questions 
that occurred during the visits alongside the predetermined ones. Workshops and experiments 
played its role after the starting phase, it enabled the study to involve specialists in the field to 
help with the discussion of the research and test different variables.  
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Miles et al. (2013) mention that interviews, observations and artefacts are the most commonly 
used sources when gathering qualitative data. It is also claimed that the methods for a 
quantitative study does not necessarily need to be defined like other methods, instead the 
problem formulation of the research can drive the suitable methodology onwards as it appears. 
This is partially what has been done in this study.  
 
 
 
5.3.1 Literature research 
 
 
Conducting any kind of research study, will always require an assessment of relevant literature 
(Greener, 2015). The literature research being conducted will be an objective and comprehensive 
exploration of the given topic of automation, dynamic environments, material management and 
implementation. This by logically connecting paragraphs, relevant bibliographic references, 
specialized terminology, as supported by Zeman (2013). The secondary literature, that is the 
subsequent publication of primary literature, for examples books and journals, will be one of the 
greatest used types in this study as in most others (Saunders et al., 2009). The literature will 
mostly be found through tertiary literature and searches in databases using different keywords 
involving autonomy, autonomous machines, implementation, construction and many more.  
 
As this study is of an explorative approach and deals with inductive and deductive approaches, 
studies and observations were linked together to create deeper insights. The study has also 
involved an iterative process with idea generation, which have led to a lot of different literature 
research which might not be directly related to the end study, but that have given a broader 
understanding of the area. As Zeman (2013) explains, literature research brings a current view of 
the given problem area from other perspectives. It’s important that it is a critical review of the 
literature and not just what others have said, which is what the researcher has done. When 
working with an organization there might not be enough time to conduct a full literature review, 
but conducting a theoretical context might help clarify the study’s purpose and outcome 
(Greener, 2015). 
 
 
 
5.3.2 Case study 
 
 
Using a case studies as means for data collection seemed appropriate due to the explorative 
approach that is aimed in the certain direction of autonomy within the construction industry. It is 
part of a more general phenomenon, which can be applied in other areas. Looking in to one 
company or area that acts like the others in the industry or domain to be able to generalize the 
study. This research’s case studies are focused on Volvo CE. and on the construction industry to 
be able to find a solution for the challenges of implementing automation in dynamic 
environments. It has the whole domain mind while partly doing an embedded case study and 
focusing on one part. The case study was used as one of the main sources of information and 
data collection for this report, as the study presents a new context which has not been researched 
in this matter before. Furthermore, the character of a case study is a setting which usually 
includes and enables other form of data collection methods, such as interviews, verbal reports 
and observations, that are also used in this research.  
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The case study can be of different types, single, multiple, holistic or embedded. Single case 
study, which only considers one case, and is used when the researcher wants to evaluate existing 
theory. It proves to be especially useful in extreme or unique cases and can be conducted as an 
initial step for further exploration or a pilot study. Which was applied in this research with the 
pilot study explained in earlier chapter. Additionally, this research combined the multiple and 
embedded approach. Performing several case studies on other companies within the construction 
industry with an embedded approach, just focusing on some aspects of their business. Having in 
mind that each case study has its own individual purpose for the research. Ghauri & Grønhaug, 
2010) 
 
To explain, a case study is about investigating a situation within its context, and doing this 
without the research affecting it. The method is especially useful when it is hard to examine a 
phenomenon outside of its natural stages and the variables are hard to quantify. This is because 
the variables might be to many, which makes other methods such as experiments and interviews 
hard to stand by their own. Case studies are usually associated with explorative approaches and 
qualitative studies. This proved to be the exact situation in this study as it was possible to put the 
research problem in an applicable context for further investigation and get deeper insights which 
would not have been gotten otherwise. It is in line with the appropriate usage of case study 
described by Ghauri & Grønhaug  (2010), when the problem formulation consists of “why” or 
“how”, when the research is in a real-life context, and when the study is out of control for the 
researcher. Due to the this being completely true regarding this research and the problem 
formulation, the choice of conducting a case study seemed natural.  
 
 
 
5.3.3 Interviews 
 
 
As interaction with people in the area have a big role for data collection there is a need to choose 
the way of conducting the interactions and interviews (Ghauri & Grönhaug, 2010). The three 
types of interviews structured, semi-structured, and unstructured were evaluated for the research. 
With structured interview approach being based on predetermined and identical questions, they 
are well suited for descriptive studies where selected variables are examined. And with 
unstructured interviews being an informal exchange about a specific topic, they are suited when 
there are a lot of uncertainty regarding the variables. This research will use semi-structured 
interviews, as it is kind of a combination of the two previously mentioned, and is the most suited 
for this study due to it being of exploratory nature while also having few main topic and some 
more direct questions. (Saunders et al., 2009). Some questions will be prepared going into each 
interview meeting, other questions are often a result of observations or follow up questions.  
 
In the interviews conducted in this research the researcher was careful not to guide the 
interviewee in a certain direction with the questions asked, while still being able to drive the 
conversation and explore the topic to gather information. Some of the questions asked were more 
of a general type regarding the topic, that allowed the interviewee to give their own insights and 
experience, while some were more direct to get more out of the interviewee regarding certain 
areas. As the interviews were semi-structured it allowed to unfold more questions along the way 
to get more in touch with the interviewee and learn more. Sometimes the observations being 
done simultaneously on site or in the case study opened for questions other than the obvious ones 
and for more detailed explanations from the interviewee. Some of the documented questions and 
observations can be seen in Appendix A, B, C, D, and E.  
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5.3.4 Observations 
 
 
Along with interviews, observations are equally as important way to collect data. Observations 
can sometimes tell things that could be missed by other methods of data collection. It is 
especially useful combined with other methods, such as interviews for example, it can lead to 
more questions to get even deeper insights. (Yin, 2007). Observations relies on first-hand 
eyewitness and experiencing something (Mathison, 2005). The method refers to a planned, 
purposeful examining of certain areas (Zeman, 2013). They were conducted in this research 
during field visits to different companies within the construction industry and when visiting 
different constructions sites. They were documented and gave multiple insights for more 
exploration. Some of the documented observations can be seen in the appendix. 
 
Observations can be conducted in different ways. For this study, a combination of formal and 
informal approach for observation has been used. Occasionally it was planned and with the use 
of protocols and checklist and other times it was more informal. Moreover, it could be done in a 
participant way, when the observer takes a role in the context, or a nonparticipant way, where the 
observer has no interaction at all, through a one-way mirror for example. (Mathison, 2005). The 
individuals being observed can either know of the fact or it can be done without their knowledge. 
When knowing of the fact that they are being observed the individuals might act differently and 
the examiner might get a non-realistic observation. While when not knowing that they are being 
observed they will act according to their regular way. (Ghauri & Grönhaug, 2010). There are 
reports of the observations being more useful when they have low interference to the situation 
(Mathison, 2005). A more natural non-altered environment can be observed if the examiner has a 
more passive role (Ghauri & Grönhaug, 2010). For this study, the participants have in some 
cases known that an observation was ongoing this due to the rules and laws of observing some of 
the companies and sites. But in the applicable settings it has been done without the participant’s 
knowledge.  
 
 
 
5.3.5 Principles for selection 
 
 
The selection for this study is all the entities that are involved such as companies and workers 
within the construction industry. The selection for a study will be hard to generalize to fit the 
whole world. Therefore, the study needs to be based on a smaller population, through focusing 
only on the relevant ones. To increase the validity of the study the researcher has considered that 
it is important to continuously increase the selection if needed and appropriate. 
The selection that needs to be done was dependent of the problem formulation, the study, the 
approach, the methods, and the data collection methods, as supported by Ghauri & Grönhaug 
(2010). To explain, the selection is the part of the population who are included in the data 
gathering. The population represent all relevant entities for the study, which can be persons or 
companies. If the population is to great as in this study, a selection is needed to be made. The 
selection needs to be justified for the study for the result to be generalizable. There are different 
selection methods to choose from to generalize. The methods depend on two types of selection, 
probability and non-probability selection. A probability selection, means that the probability for 
the outcome is known and is used when the population is known. When the probability of the 
outcome and the population is unknown the non-probability selection is used, which was true for 
this study. (Saunders, 2009).  
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5.4 Data analysis 
 
 
To generate information from the gathered data it needed to be interpreted and reduced. This was 
the case since a large amount of data was collected in the study. Data was gathered continuously 
throughout the entire research. Therefore, the analysis was an ongoing and recursive process, 
meaning that the entered data was analyzed several times and the outcome changed over time.  
 
For analyzing qualitative data in a research there exists some guidelines, however no agreed and 
standardized way. For this study, the gathered data have been analyzed by organizing and 
grouping information in specific areas, in what underlying areas that target the challenges and 
solutions for implementation of autonomy in dynamic environments. This was the central issue 
that became the main category which all other topics were related and connected with. This type 
of method is called open, axial and selective coding by Ghauri & Grönhaug (2010). It was not a 
straightforward follow and do method, the researcher in the study was and needed to be well 
briefed in the domain to know what mattered more. With qualitative data, there might be a lot to 
handle, Miles et al. (2013) mentions that if the researcher does not know what to analyze then 
everything might matter and there will be no meaning or time to analyze everything.  
 
To comprehend the data after an interview or observation session, the data needed to be written 
up as notes or transcribed. Understanding and getting familiar with the data required going 
deeper in to the collected information. Looking at the data from different perspectives and seeing 
if they relate on other levels than the obvious ones. Summaries could be made of the different 
data to get simplifications and bring the main meanings forward, making it easier to integrate the 
related data. Thereafter, key themes and patterns could be identified and different categories 
created. This is conducted by starting to grasp the deep meaning of the data collection and 
sorting it into the most fitting areas and topics. While doing this it was thought to look at all the 
collected data to not risk removing something important too early. The data is after this formed 
for further exploration and to be able to identify the patterns or relationships that became 
apparent. Theories were then developed and tested to be able to further the learning and 
understanding of the study area. This also brings up thoughts for new data that could be gathered 
to be able to examine an area further. The developed theories were often subject to testing in real 
scenarios with real users, which often gave more data points for analysis. After developing and 
testing the theories it was time to try to interpretive the data. Creating meaning from the 
collected data by drawing and verifying conclusions grounded in the literature and theories. This 
is the final process in the data analysis steps and the conclusions drawn will create opportunities 
to discover and create interpretations that are essential for the research.  
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6 DATA PRESENTATION 
 
 
The following chapter aims to present the reader with the collected data. As there was a large 
amount of data gathered for this research some aspects will be summarized. The data have been 
collected through the different methods described in the earlier methodology chapter, mainly: 
interviews, observations, field visits, literature, and workshops.  
 
 
 
 
6.1 Gathered data 
 
 
All the relevant gathered data specific to certain sites or areas is represented below. The headings 
specify where the information has been collected since that has some relevance to the findings. 
See Appendix A, B, C, and D for some of the documented interview questions and observations 
used to explore the domain.  
 
 
 
 
6.1.1 Volvo Construction Equipment, Braås  
 
 
A Volvo Hauler production factory divided in four departments: office, production, import, and 
assembly. The interview was conducted with multiple workers at the company. The relevant 
information gathered from the field visit is that most haulers are used in places where other 
machines such as trucks could not navigate due to the terrain. The belief today is that the cost per 
length transported is less with larger machines. However, this creates restrictions in where the 
machine can travel, for example not being allowed on public road networks because of the size 
and weight which could mean damage to the ground. Furthermore, the factory has been part of 
developing a first autonomous hauler and is currently testing the solution to deal with the related 
challenges. HX01 is an electrically driven first working prototype that is presented. The factory 
has a large testing field for the machines connected to it, which represented several different 
constructions sites and situations. Moreover, it is concluded that haulers need other machines to 
do meaningful work on a site. Most often the haulers are combined with wheel loaders or 
excavators to fill them, and then they can dump the load on their own. The size of haulers and 
assisting machines scope needs to be calculated in this case, to match optimally to create an 
efficient workflow.  
 
When producing a new type of hauler in bulk, there is a need to create a whole production 
infrastructure around it. Each detail and factor going in to the machine and producing it needs to 
be thoroughly examined and calculated. This is something to consider when wanting to produce 
any type of machine in bulk for the marketplace.  
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6.1.2 Construction site, Pottholmen 
 
 
This construction site is placed very centrally at a part called Pottholmen in the relatively small 
city of Karlskrona. The interview was conducted with the site manager and briefly with other 
workers. The site is at the starting phase of tearing down the old roads and structure in 
preparation for a new building complex and changing the design for public transportation 
stations and the roads that leads to the city. As the construction is ongoing in a very active place, 
there are a lot of consideration taken to not be occupying too much space from the roads around, 
and also placing temporary roads to lead the traffic around the construction. Even though they 
are rerouting the roads (see figure below), they are slowing down the traffic a lot. This leads to 
that they need to work very quickly and more hours each day. The areas to work on is very small 
in relation to the machines. While on the site, an observation of a truck having to make a full 
turnaround and reversing in the middle of the road was made. The site manager explained the 
situation as a problem of communication. The site is continuously changing and so are the paths 
for the machines at the site, they could change multiple times per day. It is hard to keep track of 
all the changes and have eyes everywhere, and then communicate the changes to everyone that 
needs the information. The site, although small, have a very dynamic and changing environment 
with a need for the information needs to be passed in an easier way. 
 
 

 
Figure 6.1 Traffic temporary rerouted. Material left/stored on site.  

 
 
There were a lot of different material at the site, such as pallets with boxes on them, boxes, 
stones, pipes, dirt and many more. All coming in different sizes, shapes, and weights. Material 
on site did not have any planned place for being left/stored during the construction. Piles of 
material could be observed laying around randomly at the site, and being transported to the 
needed place when conducting a task.  
 
 
 
 
6.1.3 Construction site, Blåport 
 
 
A smaller site in Karlskrona is placed on a hill just outside of the central in an area called 
Blåport. The interview was conducted with the site manager and multiple workers at the site 
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during different times. The ongoing site involves breaking down a hill to build an apartment 
complex. There are about 50 workers blasting and doing the preparation for the buildings. The 
site is of a very small size and have a good overviewing point at the top that the project managers 
use to overlook the ongoing work. They also use a system provided by Infobric called ID06 to 
track the workers at site, by logging in at each door and machine. They run a tight shift where 
they are completely aware about everything that is going on. The biggest challenges on this site 
involved the planning phase before coming to the site. They found it very time consuming and 
not optimally performed. For example, it took workers about two weeks to outline the relatively 
small hill. The managers wished for a better solution, which could minimize the time and effort 
in the pre-planning. Much as the site in Pottholmen, material was laying around the site with no 
visible structure and being transported to the tasks when needed.  
 
 
 
 
6.1.4 Construction site, Santa Clara 
 
 
Set in California, a large-scale construction site building a hospital. Approximately 150 workers 
were observed and analyzed. Being such a big project it involves many aspects and different type 
of works needing to be conducted. Therefore, the site includes a main contractor and fairly many 
subcontractors to assist the construction. Each subcontractor takes care of a certain area within 
the construction, that includes all part of the task in hand. They need to plan and cooperate with 
the other contractors, plan their own work, set out the needed material and order it, and then 
make sure that they do not disturb others at the site while performing their tasks. The biggest 
challenge and problem at the site is just this, it involves so many stakeholders, all of them having 
their own material and no common way of material management. It results in congested areas 
and material being in the way of other workers, which in turn create delays on the site, that can 
create a negative spiral that leads to larger offsets to the original plan. The site has one place for 
taking in deliveries, and receives material approximately 50 times each day. Each delivery truck 
carry up to 10 different types of material. Having such a large flow of material it is essential to 
have a good way of managing the material. Today they assign the foreman to the task of 
unloading and storing the material. The nature of the large-scale site and unsynchronized 
contractors, having a bad flow of information regarding the material management, leads to that 
problems have been happening many times at this site. Material is stored in the wrong locations, 
not moved in time according to the schedule, blocking others from conducting their work. 
Having no straightforward way of handling this issue because there is little relevant information 
to be found. The issue often end up with phone calls to find the responsible to move the material, 
and the work getting halted and delayed, while the workers for the halted tasks still getting paid 
for their day. Moreover, the stored material on site were of a lot of different types, they had 
pallets, boxes, pipes, and wood and many other types of storages. Coming in different shapes and 
sizes, making it hard to create an organized way of storage.  
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Figure 6.2 Material left/stored indoors in ongoing construction 
 
 
 
 
6.1.5 Mining site, Växjö 
 
 
This mining site in Växjö Sweden was run by the company Schakt och Transport, and the 
interviewees was conducted with the manager and other workers in the company. The most 
critical parts of the site were to follow the safety instructions to avoid problems. The longer 
routes on the site changes rarely, however the last part of the route is dynamic and changes a 
little bit as the mining progresses each day, and changes more when the mining moves along the 
mining wall.  
 
A GPS based system is used to provide other sites that the company run with accurate 
information to the construction. Both the machines and everything, such as underlying pipes and 
cables are located with GPS coordinates and planned through that. However, there still are 
spotters working along with the worker in the machine to avoid problems. The trust in the 
technology is not very high, although it gives a 5cm accuracy. The biggest issue faced is that the 
GPS system have some occasional errors, which halts the work and needs a GPS expert to fix it, 
that usually takes 1h.  
 
 
 
 
6.1.6 Mining site, Öland 
 
 
Cementa is the company running the mining site in Öland Sweden. The interviewees were the 
manager and different workers in the company. Overall the interest is high for implementing 
autonomy at the site. The manager stated that he would surely want to be a test site in the future 
of automation. Much like the mining site in Växjö the longer routes are static and the last part of 
the routes changing along with the 900m long mining wall. The difference is that the trucks run 
in a circular pattern and on more established roads that can hold a larger load. The mining site 
and company have a control center watching over all work and communicating all changes, this 
is done through cameras and radio communication throughout the site.   
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The material management on site was done in a structured matter, having piles of different 
materials at different terminals throughout the company. This is done to create a structure and 
optimizing the flow. However, the manager wished to update the structure due to its old nature 
and that the mining is moving further and further away from the production.  
 
 
 
6.1.7 Workshop, autonomous machines in difficult environments  
 
 
The workshop was focused on autonomous machines working in difficult environments and 
weather conditions. Invited to join the workshop were a lot of different experts in their fields. 
The results of the workshop were prototypes of three autonomous machines equipped with tools 
and knowledge of how to withstand different harsh environments with difficult weather 
conditions. An interesting note is that none of the solutions involved humans even though the 
topic did not involve that the machines would be autonomous or that there would be no humans 
present, it simply stated, construction in difficult environments. Another interesting note is that 
all solutions worked with the harsh environment, trying to take advantage of the situation they 
were in, for example using harsh wind to gather energy through turbines or colleting water to use 
as material, same with collecting and melting snow.  
 
 
 
6.1.8 Workshop, making a site fully autonomous 
 
 
The workshop was focused on the challenges regarding making different types of sites fully 
autonomous. It was conducted at Volvo Construction Equipment in Eskilstuna with a lot of 
engineers and experts joining, including the team that developed the HX01, Volvos first fully 
autonomous hauler. The results from this workshop involved systems of how to solve a task end 
to end. Most discussions during the workshop was focused on the issues the machines would 
encounter when trying to work without any humans present. How would the machines know of 
the tasks? How would the flow of material be distributed among the machines? And many more 
questions were asked. One solution included small drones, to gather all needed information on 
site and coordinate the machines and tasks. Another solution had a solution involving different 
types of machines working together to be able to conduct the tasks that were usually done by 
humans. The last solution presented smart material that knew where it was supposed to be, 
communicating with the machines to get placed there. It also included many parts of the 
construction being pre-fabricated before coming to the site, to be able to make the process as 
easy as possible. Making it easier to implement autonomous machines.  
 
 
 
6.2 Other interviews and observations  
 
 
On large construction sites the observations are that there always seem to be chaos when it 
comes to the material management, no matter how much planning and pre-work that has been 
put in. Furthermore, it could be observed that materials of similar type often get stored in 
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together no matter the tasks and locations on the construction site. This means that material gets 
transported around a lot depending on the different tasks.  
 
The usual incentives in large construction sites are to keep a constant and uninterrupted flow of 
material and make it more efficient with less stops and slowdowns. Something that is also 
wanted is reliability and being able to reproduce the results over and over in the same matter. 
Almost all the different incentives go down to the main one which is to make it economically 
more beneficial, which can be achieved by continuously developing the material management to 
minimize the stops and slowdowns in all other areas. However, it needs to be considered that 
putting more energy on the material management might mean a larger economical implication 
compared to the given value. Therefore, the different sites often weigh in the effort and 
economics into how much should be done regarding material management and making it 
optimal. Often the result becomes some sort of consolidation of value given compared to 
economic implication. 
 
 

 
Figure 6.3 Material Stored/left at site in Stockholm, Sweden 
 
 
 
 
6.3 Experiments and prototypes  
 
 
Many different experiments and prototypes were done throughout the whole study, using the 
iterative design model to start loops and conclude them with important findings. Both the 
successful and non-successful experiments are of interest. Since it is also important to highlight 
the non-successful parts to further the understandings of how and why it failed for future 
solutions. Each experiment was brought out to the field with important findings and learnings 
through tests. Below are short descriptions of only the most meaningful instances for the study 
including the key learnings from them.  
 
 
Autonomous machines working in remote environment 
Prototype and experiment of machines in remote environments, realizing that they need an 
assistant to bring and hand material. Moreover, an idea of using the material available from the 
ground as building material. See figure below for the different elements of the prototype. 
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Figure 6.4 The prototypes of the driving machine to the left and the assistant with the yellow top 
to the right.  
 
 
Dealing with harsh environments  
Different prototypes of automated machines for dealing with varying construction tasks in an 
environment without humans present. The outcome was the realization of problems regarding the 
machines needing assistance in certain situations where the surroundings act in an unpredictable 
matter, such as different weathers conditions for example. This could be how machines on their 
own would manage situations such as getting stuck or sinking in wet ground.  
 
 
Material and tool bringing robots with hub 
Prototype of small machines bringing tools and material to workers from a hub. The prototype 
consisted of different types of robots or drones combined with a distributing hub to store and get 
the right object to bring for the worker or machine who needed it. See the following pictures and 
descriptions for an illustration of the prototype.  
 
 

   
1. Ordering material or tool  
 

2. Robot or drone pick up 
wanted object 

3. Brings it to the worker or 
machine 

Figure 6.5 illustration of material and tool bringing robot 
 
 
Real time information and data enabling autonomy  
Prototype of tagging a site and giving real time data and information to all machines and 
workers. The real-time data feed and map is provided through one or multiple drones flying over 
the site giving a live feed. The drones would be accompanied by a charging station where they 
could easily change places with a fully charged drone and start charging their own battery, 
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leaving the feed to always be available. The learnings from this prototype were that this would 
be a good solution for larger construction sites or along road constructions. This would also be a 
good base for autonomous machines. However, on smaller sites that have a good overview of 
their workspace it is not needed, as managers could just look around and get the same type of 
information and feedback as the prototype would provide.  
 
 

 
Figure 6.6 Showcase of prototype app for Overwatch prototype system  
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7 DATA ANALYSIS  
 
 
The chapter aims to interpret and analyze the collected information. This is done through 
connecting the theory to the data organized in groups. The selected groups for analysis are, the 
construction sites and dynamic environments, material management on construction sites, 
machines and systems, and including across them the implementation factors. 
 
 
 
 
7.1 Construction sites and dynamic environments 
 
 
Across the gathered data different patterns can be observed regarding the environments. Some of 
the different types of sites mentioned by (Volvo CE, 2017) were included in the data gathering. 
These sites were, of the building type, at Pottholmen, Blåport and Santa Clara, and of the mining 
type, at Växjö and Öland. Each site had its own objectives and went through different phases 
over time, coherent with what is stated by Xu & Li (2012) and Volvo CE (2017). For the 
building sites compared to each other, the site at Blåport represented an overall small size, the 
Pottholmen site a medium size and Santa Clara being the largest. This describing the variety in 
sizes as well as shapes for the sites (Volvo CE, 2017).  
 
Additionally observed, the factory visit in Braaås had a testing field which represented several 
situations and terrains that could appear in different types of construction sites. As stated by 
Barros dos Santos et al. (2013) the machines used are usually the same on every type of site, and 
this is seemingly taken into consideration by the factory. They also notice and consider the 
restrictions on roads and infrastructure that do not allow certain machines to work, due to size or 
weight, this was an aspect that was not noted in the theory. For assumption, the reasons could be 
several, such as laws and regulations differing depending on nation or that the roads and 
infrastructure being considered as part of the dynamic environment or as something external not 
to be covered. However, Ibañez-Guzmán & Malcolm (2002) mentions that different structures 
on construction sites have a high degree of uncertainty for machines and movement of them.  
 
When observing the different construction sites, it became apparent that the site at Pottholmen 
followed the dynamic environment description of Volvo CE (2017) and Ibañez-Guzmán & 
Malcolm (2002). Showing signs of all the factors regarding the constant movement and changes, 
multiple times per day, in a seemingly random and unplanned matter. This was also the case at 
the site in Blåport, but not to the same degree due to the smaller size. Also, the site in 
Pottholmen and the site in Blåport were when observed going through the starting and 
foundation creating construction phase in a similar matter as explained by Xu & Li (2012).  
 
The site at Pottholmen had several issues for traversal, namely tight spaces making it difficult to 
fit machines or being able to traverse in an efficient matter and communication with the workers 
being poorly informed of changes to the paths. Similar to what Ibañez-Guzmán & Malcolm 
(2002) describes there were no clear approaches set. The space constraint in dynamic 
environment is also recognized by Bock (2015) and Ibañez-Guzmán & Malcolm (2002), stating 
that the machines need space to operate including for the unexpected events. Furthermore, the 
site was constrained regarding working hours and pressured deadlines due to its central location 
which could also be related to the same literature. At the Blåport site there was instead time 
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consuming challenges faced in the planning before arriving at the site. The plan was seemingly 
deemed not complexly accurate and therefore not trusted, mainly due to the uncertain nature of 
the site on a small hill, this resulted in the work having to be redone for some aspects. Xu & Li 
(2012) and Ibañez-Guzmán & Malcolm (2002) explains the same type of uncertain nature and 
the three-dimensional factor of construction.    
 
For the site at Santa Clara there were many different stakeholders involved all with own 
objectives and tasks. The construction work was parallelly ongoing at different phases in various 
parts of the site, somewhat splitting the large site into many smaller sites and areas within it. The 
overall challenge for the site was the coordination between the stakeholders across the entirety of 
the construction area. These different scenarios are explained to some degree by Volvo CE 
(2017), Xu & Li (2012) and Ibañez-Guzmán & Malcolm (2002). However, the splitting of one 
very large site into smaller sections is not mentioned, instead it is considered as the dynamic 
element of the site having a variety of tasks going on at different places.  
 
For the mining sites at Växjö and Öland the outlook was quite different regarding the working 
area and environment.  The longer routes did not change that often and remained static for years 
at a time, while the later parts closer to the actual mining area changed slightly every day as part 
of the process. The Växjö site hade one straight path for the long road while the site at Öland 
worked in a circular pattern. The difference and characteristics for mining sites compared to 
other sites are explained by Volvo CE (2017), but they do not state the observed static elements 
and different patterns. However, the reason could be that no site would be completely identical to 
another and that there is no clear characteristic that says that mining sites are always formed in 
this way and could not be more dynamic. The observed mining sites had a much longer timespan 
as a construction site compared to the building sites. Therefore, more time went into the starting 
phase and planning for these sites, but thereafter there is a clear process and rotation of the later 
phases that is achieved over time. The literature from Volvo CE (2017) and Xu & Li (2012) does 
not mention situations like this, but rather covering the topic on a more high-level and taking 
some aspects in more general terms, again this could be due to it not being completely clear that 
this would always be the case at the sites. The critical parts for these sites is to keep a high regard 
for safety, since the environment could include dangerous elements and situations for the 
workers. This can be related to several studies (Kolski, S et al. 2006; Belaidi, H et al. 2017; 
Groover, 2018; James & Michael, 2017) mentioning the difficult and dangerous elements that 
could occur at sites which could harm or render suboptimal for human workers.  
 
A workshop was conducted followed by experiments and prototypes with the aim to investigate 
parts of the environment area further. The workshop was focused on investigating autonomous 
machines in difficult environments. In it an interesting pattern was observed within the solutions 
developed. Except for modelling machines that could conduct tasks and tackle the challenges 
with the harsh environment, the machines took advantage of the different challenges to create 
benefits for the system. For example, gathering energy from harsh winds or collecting the water 
from hard storms for use. This outcome was unexpected and was not directly related to what the 
literature states, even though different aims are explained across various studies. However, 
Kangari & Yoshida (1990), Goldberg (2012), Groover (2018), and several others recognize and 
mentions the potential of autonomous machines for conducting meaningful tasks. Additionally, 
Bock & Linner (2015) contributes with new design and innovation management methodologies, 
and enabling technologies for the future realization and implementation of autonomy.  
 
For the experiments and prototypes the parts investigated further was focused on autonomous 
machines working in remote environments and dealing with hash environments. The realizations 
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when considering completely remote areas revolved around the need of more information 
regarding the surroundings and how distant areas are highly uncertain and lack structure. The 
same is recognized in the theory by Kolski, S et al. (2006) and Belaidi, H et al. (2017). For the 
topic of dealing with harsh environments without human present the outcome was the realization 
of challenges and problems that could occur due to the difficult circumstances making the 
machines in need of assistance. When the environment acts in an unpredictable matter with for 
example weather conditions, it can result in the machines getting stuck in wet ground or other 
related problems. These situations are also regarded by Bock (2015), Ibañez-Guzmán & 
Malcolm (2002), and Abderrahim & Balauger (2008), where they mention both the mobility 
challenges trough different metrological conditions and unexpected events. Furthermore, in the 
experiments and prototypes, collaboration and assistance between machines were considered and 
suggested as solutions for these problems and additionally contributing to conducting tasks. This 
was something that was not directly related to the literature, and would be assumed to fall under 
the category of recognized potential for the autonomous systems.  
 
 
 
 
7.2 Material management on construction sites 
 
 
The area of material management on construction sites was widely available in the collected 
data. It was an area which naturally got attention during the data gathering and something that 
seemed to have a large importance in the sites and the conducted work. This could be because as 
explained in the literature, it being an everyday function and activity involving several entities on 
the sites and being responsible for planning and controlling the flow of material (Kanimozhi & 
Latha, 2014; Caldas et al. 2015; Tompkins et al. 2003).  
 
The site at Pottholmen had evident coordination challenges and miscommunication, this was for 
situations as when things was moved or changed for example, and all parties not being informed. 
At the Santa Clara site this was even more apparent with the several stakeholders involved, they 
all carried on with their own approaches with no regards to the others. As a result, the materials 
were stored in the wrong locations, and not moved at the right time according to the attempted 
schedule, ending up in creating delays and halting work for others at the site. Some, as described 
by Tompkins et al. (2003), departmental planning and coordination had been attempted but not 
to a successful degree on the site. The aims mentioned by Boran et al. (2009) of having the right 
material available at the right place and time where therefore not always fulfilled. All these 
challenges with coordination and communication was not something surprising, and were 
common issues that could appear during the construction phase according to Patel & Vyas 
(2011). Furthermore, for reliving some of the challenges, the importance of having a coherent 
strategy is highlighted by Khyomesh & Chetna (2011), Ashwini & Smita (2013) and Caldas et 
al. (2015). 
 
At all the building related sites, Pottholmen, Blåport, and Santa Clara, there was no apparent 
planning, instead material could be randomly placed and then transported on need basis when 
asked for and/or for conducting tasks. It seemed like the sites had as Hines & Rich (1997) 
described it, operations and sequences that did not contribute to the end value. Sequences such as 
moving the material from a place to another to create space or organize, just to relief congestion 
and tackle unexpected issues in a short-term. At the larger site in Santa Clara the problems and 
challenges seemed to be of a bigger scale and more obvious as they lacked a common approach 
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that would suit and be applied across the different stakeholders. The challenges were still 
apparent in Pottholmen however to another degree due to having less challenges between 
stakeholders, and lastly much less noticeable in Blåport. Additionally, the interviews and 
observations on other sites gave a similar impression of chaos and not enough planning and pre-
work being put in when it came to the material management. It was evident that the potential 
challenges scaled with the size of the site. Nonetheless, this was arguably the largest flaw 
according to the theory, mentioning and emphasizing the importance of considering material 
movement, planning and storing systems (Patel & Vyas, 2011; Kanimozhi & Latha, 2014; 
Khyomesh & Chetna, 2011).  
 
Materials at the building sites at Pottholmen, Blåport and Santa Clara was of many shapes and 
sizes. They were stored in piles and stacks all around the sites as it seemed tricky to create a 
structured and common storage that would answer to the need of always having the materials 
easily retrievable. Similar type of material was often stored together, but occasionally not, 
contributing to the occurring inconsistent pattern. According to Patel & Vyas (2011) these was 
common challenges and problems during the procurement and construction phases, and was to 
be tackled by considering better coordination and planning from start (Patel & Vyas, 2011; 
Kanimozhi & Latha, 2014; Khyomesh & Chetna, 2011). Furthermore, the materials on the sites 
was not always suited to the standardized units, such as pallets and containers as suggested by 
Zhou et al. (2014) and Basile et al. (2012).  
 
A realization made on the site at Blåport was that even though suboptimal, there was no wish for 
a better way of managing the material, the project manager had briefly considered added time 
and costs needed to have such a system implemented. Being a small over-watchable site with 
relatively good conditions, the added value might not have been enough. At the Santa Clara site, 
there was some investments allocated directly towards the material management, and they had 
hired a foreman that managed the receiving and storing of material, however the scale of the site 
rendered the effort not enough as issues still were occurring. In the other interviews and 
observations this was also apparent, the findings concluded that the sites often take the economic 
implications as a key factor, and the results was often some sort of consolidation of value given 
compared to economic implication. This about putting the choice of investing or considering the 
amount of investment to use for material management at construction sites compared to the value 
delivered, was evident but not directly specified in the literature. However, the purpose and 
reason to consider such an investment is clearly covered by multiple studies (Kanimozhi & 
Latha, 2014; Dakhli & Lafhaj, 2018; Patel & Vyas, 2011; Safa et al. 2014; Khyomesh & Chetna, 
2011; Ashwini & Smita, 2013; Caldas et al. 2015). Moreover, the collected data regarding the 
usual incentives at the sites was coherent with this literature and was mentioned as lowering the 
costs, keeping a constant and uninterrupted flow, making it more efficient, increased reliability 
and reproducibility. 
 
In contrast to the building sites the mining sites in Växjö and Öland had a rather structured flow 
of materials. At the Öland site, materials had a common covered storage place where everything 
was sorted and stored in easily attainable piles. Furthermore, the flow of material in Öland was 
optimized to a circular pattern, which made it more efficient, not needing additional time for the 
machines to turn around as the case in Växjö. However, the two sites had several other 
differentiating factors which played a part, and it was clear that thought had been put in to 
optimize the flow at Växjö for the circumstances. In Växjö the material management was not as 
obvious as the rest of the sites, seemingly because it was well managed. Hence, it was apparent  
that both sites were obvious following a good way of conducting the process, as the ones 
mentioned by Kanimozhi & Latha (2014), Khyomesh & Chetna (2011). Furthermore, the less 
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dynamic elements and uncertainty on the mining sites and the more coherent form of materials 
made it easier to keep a better material management flow, and start to tackle other types of 
issues. One thing mentioned at the mining sites there was a wish, as also covered by Patel & 
Vyas (2011), to have the storage areas moved closer to the working areas, since there were long 
distances between that created extra transport costs and longer lead times.  
 
The experiments and prototypes that was conducted in relation to this topic was about sending 
autonomous machines to work in remote locations and about robots that brought materials and 
tools to other machines. Both instances gave information about the need of more assistance for 
material management when considering autonomous machines. All the apparent challenges 
seemed to increase in complexity and difficulty when removing the human element from the 
sites. Example of a problem could be how machines would manage the different shapes and sizes 
of materials on their own, or create a good system for storage and flow. Questions such as how 
to design the system or fleet of machines appeared, like if having specific machines for each type 
of material or more general and/or modifiable machines would be best suited for the 
circumstances and longevity of the machines. Additionally, challenges of how machines would 
know of the material, the location, and the amount of material left when used. All this tied in to 
the literature about automation challenges. Ibañez-Guzmán & Malcolm (2002) describes these 
issues of planning, taking care of logistics, and other systems that need to support the 
autonomous machines for a good implementation. Furthermore, Belaidi, H et al. (2017) mentions 
the need of more information and context of the surroundings such as materials provided to the 
machines, especially in dynamic environments.  
 
 
 
 
7.3 Machines and systems  
 
 
For the machines and systems in the data collection it was quite a spread area, covering several 
areas and things considered across the different sites and findings. The factory at Braås had 
considered several machines and systems that could be used in construction, even though being 
specialized in producing haulers they needed knowledge of the whole domain to make the right 
decisions in development. They have started to develop and test prototypes of autonomous 
machines and haulers for the future construction sites, and tackling the related challenges. It was 
understood that machines needed assistance from each other to contribute with doing meaningful 
tasks and work towards objectives. The workshop conducted regarding making a site fully 
autonomous considered similar aspects as the Braås factory and involved the innovation and 
development of solutions that tackle the challenges of how to conduct tasks in a fully 
autonomous site. Creating end to end solutions, involving collecting data, managing flows and 
materials, machine intelligence and more. The main challanges of needing more and better 
collaboration and communication was again apparent. Bhattacharyya & Zwarenstein (2009) 
agrees on these perspectives and the related development and implementation challenges, and 
argues that they are the key issues that needs focus to be able to enforce implementation. The 
need of assistance from other entities is also recognized by Fulgenzi (2009), Thrun, S. et al. 
(1998), and Belaidi et al. (2017). Furthermore, the investment and economical aspects that drive 
the technology forward is explained by Manyika et al. (2017) and Brown (1997). 
 
The site at Öland had shown high interest from the manager for using the site as a pilot for 
testing autonomous machines and systems. The aim was similar to the ones explained by the 
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theory covering the benefits of automation, and included the factors such as increasing the 
safety, efficiency, reduced costs in human labor, reduced lead times and more (Groover, 2018; 
Lamb, 2013; Bock, 2015; Kangari & Yoshida, 1990; James & Michael, 2017). The advantages 
and potential was understood by the site manager, as well as knowing that the site was not as 
challenging as others for the initial testing and starting phases of autonomy by being of a 
seemingly less dynamic type. As mentioned by Bhattacharyya & Zwarenstein (2009) it would be 
considered as an area which had good conditions for information being highly available for an 
evidence based approach that is needed in the testing to bridge the gap for future implementation 
interventions of the technology.  
 
At the site in Blåport they used an integrated system for tracking workers and machines, and they 
had a good manual overview of the conducted work and area of the site. Similarly, the site at 
Öland had an over-watching camera system and radios throughout the site for keeping track of 
the activities. Also, the Växjö site had implemented a GPS based system to track information of 
the construction, such as machines and things in ground, like pipes and cable systems. Even 
though an 5cm accuracy for the systems at Växjö, they had low trust in the system and it was 
received more as a guideline, still having workers for spotting the machines and operators to 
avoid problems. The trust in machines was something also considered by Arnzt (2016), Groover 
(2018) and Walz & Scheich (2008), mentioning the risks of machines not performing as good as 
supposed to. Furthermore and in contrast to the other sites, the one located at Pottholmen did not 
have any such system for tracking and over-watching implemented, and as observed, several 
challenges in communication and coordination could be found. There are relations which could 
argue for this being related to the lack of such a system. Nonetheless, the system that the other 
sites had represented, as mentioned in the theory, help for mapping and knowing of additional 
localization facts that could improve interaction and communication (Fulgenzi, 2009; Thrun, S. 
et al. 1998; Belaidi et al, 2017). Something that arguably could be considered for the Pottholmen 
site. 
 
Several of the experiments and prototypes had relation to the overall machines and system key 
topic. The main field for exploring the subject was the real-time information and data enabling 
autonomy system. The aim with it was to tag everything at a site and collect information in from 
of data, continuously, in real-time, similar to what was being done at Blåport with their system, 
but with much larger coverage and collected information of different forms. Information that for 
example could be gathered included, location, type, task, energy, user, time schedule, materials 
to be used, and much more by combining the use of other technologies and giving inputs such as 
an active live map feed of the site and additional assisting elements. The purpose was to be able 
to support both in today’s situation with workers by providing context of all the surroundings 
and be able to bridge that as intelligence for the autonomous machines in the future. This 
approach was evidently coherent with the theory, tackling the challenges for providing more 
information, traversing dynamic environments, mapping, and more (Fulgenzi, 2009; Thrun, S. et 
al. 1998; Belaidi et al. 2017). Also, considering the continuous feed of information as part of 
assisting the machines for a closed-feedback control system (Di Steffano et al. 1967; Benentt, 
1992; Mayr, 1970; Groover, 2018; Sharma, 2017). Moreover, it could also be related to the 
implementation aspects of making more information highly available for an evidence based 
exploration for future implementation interventions (Bhattacharyya & Zwarenstein, 2009).  
 
The other experiment and prototype field of exploring the autonomous machines working in 
remote environment also highlighted the need for more intelligence and assistance for 
conducting tasks. The key issues involved the realization that machines needed to be able to take 
care of issues and challenges and correct their own mistakes. This is something mentioned as 
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part of the closed-feedback loop, where the action is dependent on the process output. Usually 
accomplished by using input data compared and calculate, to give an outcome of certain 
variables and keep them in a set desired range. (Di Steffano et al. 1967; Groover, 2018; Benentt, 
1992; Mayr, 1970). Additionally, in the exploration, a main issue became apparent of needing to 
have a system set up around the machines that contributes to intake of data and helping them 
with various things that is needed for conducting tasks and with events that could occur in 
dynamic and uncertain environments. Also, the prototype of material and tool bringing robots 
with hub, considered similar key challenges but was more specific on the fact that the 
surrounding systems should be other machines or robotics. This with robotics helping each other 
was not something explicitly or deeply covered in the theory, however it was considered a 
potential possibility by Volvo CE through the study. Arguably the reason for it not being 
mentioned is that more general terms were covered, where the area could be part of, and that it 
could be hard to predict how the interaction could look in future scenarios.   
 
Overall what can be observed is that the sites are considering and implementing initial 
technology for some sort of tracking of workers and machines, mostly using tag-systems and 
location services. This can be related back to several combined parts of the theory. In the 
automation field, it can be considered as a start for creating an available system of information 
for part of the feedback providing function of the feedback control systems mentioned by 
Benentt (1992) and Mayr (1970). From an environment perspective, they are considered as part 
of the approach to provide more information and structure by detecting and extracting defined 
classes of objects (Kolski, S et al. 2006; Fulgenzi, 2009; Belaidi et al, 2017).  The implementing 
perspective relates to the topic with the steps of reviewing evidence on implementation 
interventions and tailoring an intervention for specific circumstances, in this case starting to use 
tailored systems in this context, which could be further evaluated and explored for future 
advancements (Graham et al. 2005; Bhattacharyya & Zwarenstein, 2009). But when reflecting on 
the material management area, there are no clear coverage of the topic when considering the 
specific area of dynamic environments in the construction industry. However, there are good 
examples of the potential use of systems and technology in other areas such as warehouses and 
the medical field (Zhou et al. 2014; Basile et al. 2012). Even though the warehouses and medical 
field not being a direct match some learnings could be taken for the starting points in modeling 
for the new circumstances (Bock, 2015; Bogue, 2016; Grant et al. 2006). 
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8 RESULTS 
 
 
The results of the performed study will be presented in the following chapter. The gathered and 
analyzed data along with the theory and knowledge domains have been used to disclose the 
result. The chapter explains what have been done, and the outcome. The result answers the 
previously stated research questions and purpose of the study. It also presents the final system 
solution of the study.     
 
 
 
 
8.1 Result outline 
 
 
The aim of the result chapter will be to answer the purpose of the study and thesis questions. 
This will be done by presenting the results of the area and domain, leading to the main subject of 
how to aid the conditions for implementation and operation of autonomous machines in dynamic 
environments. Furthermore, the result of the fully developed concept and prototype solution will 
be presented as a first step towards aiding the conditions for implementation. Given that the 
technology for the solution is already known the novelty and innovative aspect of the solution is 
the combination of the technologies in this context. Overall the result is validated using the 
theoretical framework and gathered information in this study.  
 
 
 
 
8.2 Aiding the conditions for implementation of autonomous 

machines in dynamic environments 
 
 
There are many ways in which the implementation of autonomous machines in dynamic 
environment can and needs to be aided. This study focuses on one need and one specific area, 
namely helping the machines and introducing something new in an industry that involves a lot of 
complex factors. One of the main factors is to give reasons to implement such a system that has a 
certain curve for adaptation, and give the system purpose in today’s situation to pave the path for 
the future. Autonomous machines have a large potential to increase the productivity and improve 
the working environment. Achieving the vision involves difficulties that are avoided in other 
areas such as the automobile industry, where machines are automated in a specific structured 
environment with clear factors. Automating within the construction industry means conducting 
tasks in an ever-changing environment with other tasks going on in parallel that could come in 
the way or disturb the task in hand.  
 
To be able to truly aid the conditions for implementation and operation of autonomous machines 
in dynamic environments there is a need to know of the environment and area in where the tasks 
are to be conducted, how to do the tasks fully automated without need of assistance from 
humans. Furthermore, there is a need to know what external information that is needed, that the 
machines could not know of without assistance from other technologies. Thereafter, what 
different technologies that could be used to provide the needed information. Lastly, what needs 
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to be considered is the high curve of adaptation which exists for the implementation. The issues 
and difficulties that humans face at constructions sites today are seemingly something that the 
automated machines will have problem with as well in the future. Therefore, there could be an 
area which solves the current situation and provides a platform and system that could develop 
along with the other technology to fit the needs of implementation of automated machines in the 
future. Enabling them to work fully automated. The report has so far carved the path and given 
everything needed to form a result to this and validate it.  
 
 
 
 
8.2.1 Dynamic environments  
 
 
Observed through the collected data and validated through the theoretical framework, the 
construction sites stand for a truly dynamic environment. The surroundings are changing 
continuously under the whole duration of the projects. The bigger the site get the more the 
difficulty increases for the different aspects involved. As identified each construction site project 
goes through different phases, these are defined by the researcher as the planning and preparation 
for construction, the construction, and post construction. Most often the bigger it gets the harder 
the different phases get to be planned and conducted, this is often due to nature of the size of the 
project and that more work is going on simultaneously in parallel. This was analyzed and 
confirmed through the interviews and observations of the different sites.  
 
Trying to implement autonomous machines on construction sites poses many challenges. And as 
the different tasks and areas are so different when it comes to construction sites it creates even 
more complexness, see Appendix G for illustrations of different construction sites and high-level 
tasks. Having the construction sites involving so many different types of tasks for the same type 
of machines means that the machines needs to have a lot of knowledge. Especially regarding 
their current situation and goals. The machines should be able of conducting meaningful tasks 
towards taking the construction project forward. For this they need to be more aware of their 
surroundings and understand the dynamic environment and what needs to be done with in it to 
complete a task.  
 
The end vision and goal is to be able to have a site working fully without any human interaction. 
This contributes to even more difficulties that must be considered such as how would problems 
with the machines be solved with the help of only other machines for example.  
 
 
 
 
8.3 Remote areas without human assistance  
 
 
With the vision of not having any humans present at all in the environment, and being able to 
send the machines and everything else needed to a remote area to conduct a construction project, 
the complete system needs to get more intelligent. All parts of the ongoing project need to be 
active in a sense of contributing to the end goal. Having elements of construction brought to the 
site that have a static noncontributing role do not assist the implementation and operation of 
autonomous machines.  
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Having machines arriving at a site in a remote area and conducting a full construction project 
poses a lot of issues. They need to have a vision of what needs to be done and how the current 
situation on the site needs to be altered to become the final result of the project. Knowing of the 
current situation and all the available resources enables the machines to plan together of how and 
in what order to conduct all needed tasks in the construction. In the ongoing project tasks will be 
running in parallel with each other. Some tasks might need external elements such as materials 
or extra tools for the completion. In that case, the machines need information of the external 
elements, which are of the dynamic kind, moving and being used by other machines or being left 
at different places at the site. 
 
 
 
8.4 External information needed for autonomous machines 
 
 
The machines could use all available information from the outside to make them more intelligent 
and smarter in order to conduct something meaningful and advanced. Through the data and 
theory, it could be understood that machines need to know more of the dynamic environment and 
of the unexpected changes that could happen.  
 
Furthermore, from the collected and analyzed data, it is concluded that the material on site is 
something that is always moving and being used in different tasks. Strengthened by the theory 
about material management, it is clear that material is essential for the progress of the site. 
Therefore, it is of high value that the automated machines would know of all materials and their 
information. It makes it easier to plan and schedule tasks in a system with multiple machines 
working on tasks and using the same material for them. The order in which tasks are carried out 
could also be derived from the solution based on the availability of the needed assets. Knowing 
of the information and planning the tasks makes it possible to plan the routes around the site 
without obstructing others and still work in the most efficient matter. It also provides a matter to 
understand the placing of the materials and tools in the most appropriate place for the continuous 
work of the site, making it more accessible for the machines and resulting in a more productive 
workflow.  
 
 
 
8.5 Different technologies that could be used 
 
 
Depending on how it is decided to help the conditions for implementation and operation of the 
autonomous machines there exist a range of different technologies that could be used or 
developed. In the aim to visualize elements in a dynamic environment for the machines it 
narrows the field. From the collected and analyzed data, it could be understood that 
communication and positioning technology could provide a good platform for helping the 
machines and providing information.  
 
Through the learnings of the prototypes and experiments it could be derived that tagging 
elements around the site enables a vision of everything going on around for the machines, 
assuming everything is connected and communicating within a closed system at the site. 
Simultaneously, it was apparent that this had not been conducted before in the context that this 
study presents.   
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8.6 A first step towards an autonomous future 
 
 
Through the study, theory, collected and analyzed data, and understandings it is derived that a 
solution within the discipline of material management could potentially be the first step towards 
a fully autonomous construction site. Something that could be introduced today to solve current 
needs and issues and developed along with the rest of the technology at the construction site.  
 
 
 
 
8.6.1 Today’s need to coordinate the flow of material better between 

sub-contractors  
 
 
It could be found, through the collected data, that today’s construction sites are usually managed 
by general contractors. On the large sites, there can be up to several hundred subcontractors hired 
to complete specific jobs and tasks. Each subcontractor is in charge of bringing their own tools, 
equipment and material. The volume of daily deliveries to the site is staggering and the sites are 
becoming more congested, which can make it very difficult to move around large machinery or 
materials. The gathered needs that are observed and validated by the theory is that real-time 
information flow for the material is of value. A streamlined system that delivers information on 
deliveries, movement, schedule changes, and storage of the material. Materials needs to be stored 
and moved in the right locations so that congestion and misplacement can be avoided. It all boils 
down to the main need of having a more organized site with few to no delays because of 
mistakes regarding the material management.  
 
 
 
 
8.6.2 Future need to provide a material management system for 

autonomous machines 
 
 
These are not just needs for today’s sites, the vision going forward is that we are moving to more 
automated and autonomous sites. In such sites, there might not be any humans, or they might be 
controlling it remotely and therefore the existing machines and technology needs to support and 
manage itself. Hence, developing the material management is not just something that will 
improve the situation today and help the workers plan better, it can be developed and in the 
future, help the machines find the needed material quicker and more efficiently. Making the 
machines smarter by letting them communicate and get information from the material itself. 
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8.7 Presentation of concept solution  
 
 
This part of the result presents the concept solution, which can be used to solve the problem of 
aiding the conditions for implementation and operation of machines in dynamic environments. 
Doing this by making the dynamic environment and elements which are the materials visible for 
the workers and machines. Giving them the needed information and enabling them to plan and 
conduct meaningful tasks. Developed throughout the study it proves a solution for the thesis 
questions with a validated purpose through the presented and analyzed data together with the 
theoretical framework. 
 
The subchapter will present the different functions and requirements, including the different 
technology used and how they were chosen, followed by the actual tag and its components, 
leading to the interaction of users with the system, followed by the future visions.  
 
 
 
8.7.1 System functionality and requirements  
 
 
This part chapter presents the requirements for different functions in the system enabling the 
dynamic structure and environment of being seen and worked within by workers and machines. 
All requirements aim towards achieving the end goal of visualizing dynamic element and factors 
on construction sites and helping the implementation and operation of autonomous machines. 
The requirements have been decided through meticulous work and analysis of the collected 
theory and data, combined with tests and experiments of the different technologies.  
 
The first mentioned functionality of the concept solution is the planning and scheduling of tasks 
including material. As explained in the table below the system receives tasks as requests from 
users, that can be both of human or machine type. This should be done in a simple matter 
because otherwise the users would not like to use an inconvenient system. The schedule then 
gets aggregated depending on the users planning, storing up to 1000 different tasks and their 
information. The users can also book areas for the material and tasks depending on the 
availability, coordinating several different areas for each user. Lastly, having high availability of 
the system and have the latest information is of essence, notifying the user through continuous 
updates ensures everything is up to parse and reduces conflicts in the planning and schedules.  
 

Planning and scheduling of tasks 
Requirement Metric Rationale 
Tasks are received as requests 
from users 

Simple interface to schedule the 
task 

Users will not be inclined to use 
the system if it is inconvenient 

Aggregate existing scheduled 
tasks depending on the planning 

Store information for up to 1000 
unique users 

Users on site should be able to 
schedule tasks 

User can book area for material 
and tasks based on availability 

Coordinate between up to 10 
different loading docks for each 
user 

The system should handle 
information for all material to be 
able to optimize scheduling 

Continuously update requests to 
account for unexpected changes 

Notify and request updates from 
users 2h before the start time of a 
task.   

Ensures that the information is 
up to date and reduces planning 
and schedule conflicts 

Table 8.1 Functional requirements for planning and scheduling of tasks 
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The second functionality is the tracking and positioning of items in the dynamic environment on 
the construction site. The reserved locations for equipment should be tracked and positioned with 
3m accuracy or more, and for space that are already occupied it is enough with 5m or more 
accuracy. The system should detect when a tag is moved by a 3m change and then activate it and 
update the location when needed, to be able to conserve battery life. See the table below for more 
information about the requirements.  
 
 

Tracking and positioning items 
Requirement Metric Rationale 
Identify location reserved for 
construction equipment on site 

Within 3m accuracy Based on user feedback for what 
is sufficient granularity of 
tracking system 

Identify space already occupied 
by other equipment on site 

Within 5m accuracy To have an accurate 
representation of occupied space 
on site and meet granularity 
requirements found in interviews 

Detect when tag moved Triggered by a 3m change in 
position 

To conserve power and activate 
when needed but not to be 
triggered by footsteps or car 
driving by 

Update location when the tags 
are moved 

Power up GPS for just long 
enough to reach accurate signal.  

Location should be updated as 
quickly as possible to conserve 
battery life 

Table 8.2 Functional requirements for tracking and positioning items 

 
 
After using the planning and scheduling of tasks, followed by the tracking and positioning of 
items, a route can be planned. For planning a route the user request to move material or conduct 
a task along a certain path or area at the site. The wanted area is analyzed so that no collisions or 
slowdowns will occur along the way, and an optimal route is presented to the user.  
 
 

Route planning 
Requirement Metric Rationale 
Receive request from user for 
desired destination 

Require no more than 30 
seconds to input route 
information 

If the process takes too long the 
user will be inclined to search 
for a route on their own 

Analyze occupied space 
between current location and 
desired destination based on 
location of construction 
equipment as well as 
infrastructural obstacles 

Efficient and friendly to traverse 
paths planned by algorithm 

Path planning is 
computationally intensive and 
may take too long if not 
executed efficiently. Could also 
give bad results if glossed over 

Generate optimal route for user 
to reach desired destination  

Within 10 seconds We want the map to be 
generated quickly to make it 
convenient for the user  

Table 8.3 Functional requirements for route planning 
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8.7.2 Tag and components 
 
 
The physical tags, stands for laying the base for the complete system. Each tag by its own is a 
decentralized component which only take care of itself, connecting and communicating with the 
database set out in the cloud. The database in turn provides information that were not available 
before, making the location, schedule and assigned tasks visible to who- or whatever wants to 
access it on site.  
 
The technology used in the tag are carefully benchmarked, tested and selected to be able to fulfill 
the set-out requirements, which are decided through the research, with tests, experiments, 
observations and interviews. As the technology for the solution is already known the novelty and 
innovative aspect of the tag is the combination of the technologies in this context with an own 
software on top. Moreover, the solution is validated using the theoretical framework as a base. 
 
 

 
1. Device lid 
2. Papirus eInk/ePaper 2” screen 
3. Raspberry Pi Zero w 
4. 2600mAh battery 

5, Battery charging controller 
6, GlobalSat BU353-S4 GPS 
7, Device Case 
 

Figure 8.1 Overview of tag components  
 
 
As seen in the figure above, the tag is made of seven main components. The most notable 
component is the chosen platform, which is a Raspberry Pi Zero W. It runs a Unix, Debian based 
system called Raspbian, with the own developed software on top in form of shell scripts and 
python code, including libraries for GPS devices, SQL databases, eInk screens, and other 
libraries and drivers. In the selection, it was compared to another very capable solution called the 
Asset tracker, but came up on top when it comes to expandability and flexibility for further 
development, along with having more accurate positioning in our tests. It is also notable that the 
RPI provides an overall smaller tag in size as the dimensions of the board and the other 
components make it possible for a more compact enclosure. A screen has been mounted on top 
of the RPI to be able to show the users some important information without the need of another 
interface, making the system as convenient as possible to the users, that could use different 

1.                         2.                             3. 
 
 
 
 
 
 
4.                  5.         6.           7. 
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interfaces and ways of interaction.  This can also be used initially when setting up the tag and 
making sure the tag is updated with the right information. The two technologies considered for 
the display was Electronic paper/e-ink or LCD, in this case the e-ink type fulfilled the 
requirements better by having substantially lower power consumption through the conducted 
benchmarking and tests. The used display was the Papirus eInk/ePaper 2” screen.  
 
The information shown on the screen is the material identification, the owner of the material, and 
the schedule. They are considered as the most vital pieces of information available at each tag, 
having in mind that each tag is a decentralized component that only knows of itself and its own 
information.  
 
As one of the important functions of the system is positioning, it is important to have a 
technology which can provide accurate information to fit the needs on a construction site. 
Different technologies have been tested and benchmarked against each other, such as GSM, Wi-
Fi, Bluetooth, and GPS for naming the main ones. The technology which provided the most 
accurate positioning was using GPS, the tests show accuracy between 1 to 5 meters. See table 
below for results of GPS test in different conditions. The GPS receiver used was the GlobalSat 
BU353-S4 version.  
 
 
Condition Location GPS 

(lat, lon) 
Google maps giving 
actual position 
(lat, lon) 

Distance 
Diff. (m) 

Clear area 56.181397431, 15.591310052 56.181423, 15.591335 1 
By building 56.1808890465, 15.592312454 56.180898, 15.592280 1 
By road, under tree 56.180654186, 15.592580094 56.181423, 15.591335 3 
Parking lot, by buildings 56.181126866, 15.592938627 56.181150, 15.592905 2 
Under 4 trees, by parking lot 56.180401915, 15.591378984 56.180451, 15.591347 5 
Middle of roundabout 56.181536293, 15.592056706 56.181545, 15.592022 0,5 
Between buildings 56.182058934, 15.590890522 56.182110, 15.590824 4 
By bridge 56.182434498, 15.589253578 56.182401, 15.589295 3 
By intersection 56.180799833, 15.593602671 56.180782, 15.593615 0 
Parking lot, by building 56.181120624, 15.592955941 56.181136, 15.592997 3 

Table 8.4 GPS accuracy test  
 
 
To be able to power the different components a 2600 mAh lithium-ion battery was used, 
including a recharging and power distributing module, which uses a micro USB connection for 
the charging capability. The most power consuming components of the tag is the RPI and the 
GPS module, and because an eInc display type was chosen the power consumption of the screen 
can be overlooked in the overall. It was measured that the RPI consumes 100 mAh and the GPS 
80 mAh. 
 
The device case and lid is the last components for the tag, enclosing all other components in a 
tight and a well thought through matter. Focusing on having a good structure inside that uses the 
space and volume in an efficient matter. The final tag has come from many iterations, the 
functionality and size of the enclosure have been developed and iterated in many shapes and 
sizes after the choice of technologies to be used. As the devices are to be used in a harsh 
environment which are the construction sites it needs to be able to withstand hits and collisions 
of a certain matter, and be tightly sealed to prevent intrusions of dust and liquids from the site 
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and weather conditions. The iterations as well as the final version of the enclosure can be 
observed in the figures below. The iterations were necessary to achieve fulfill the set-out 
requirements of robustness and certifications and have a higher degree of user friendliness.  
 
 

 
Figure 8.2 Iterations of tag enclosure 
 
 
As mentioned above, coming to this final arrangement of the different modules and dimensions 
of the tag required many adjustments and tweaks. For example, all different technologies were 
stripped down to the bare essentials. This enabled the tag to become more compact in size but 
still retain the structure and robustness. An assembly of the different components and the final 
dimensions of the tag can be viewed in the showcase below. 
 
 

 
Figure 8.3 Showcase of tag assembly view and tag dimensions  

 
 
The built tag is meant to be attached to different material and material containers. Therefore, the 
attachment of the tag has been deeply considered and tested to be as easy and convenient as 
possible for the users. Many techniques were evaluated, different clamps, straps, adhesive, and 
magnetic solutions for example. The connecting part has been done using a support at either side 
of the tag, this making the different attaching methods exchangeable to other sizes and types of 
attachments developed in the future. The selected attachment method ended up being an 
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adjustable strap with a connecting side. The solution is fitted to the situation today and forming 
an easy curve of adaptation, not requiring larger investments in form of new material containers 
for example. For the future, the tags might be built in to the material containers as the vision is to 
have fully automated solutions on the construction site. See the figure below for a working final 
tag and attachment.  
 
 

 
Figure 8.4 Pictures showing one of the final working tags and the attachment 

 
 
Lastly, the requirements for the tag include many of the aspects mentioned in this subchapter. As 
a summary, the tag needs to be compact in size and robust, being able to withstand drops and 
intrusion from liquids and dust. Moreover, it needs to be powered and be able to hold a charge 
for a longer amount of time. It needs to be easily managed in the terms of attaching and 
detaching from the materials and containers. Furthermore, it should display basic information for 
the users. Some of the documented requirements for the tag can be seen in the table below.  
 
 
 
 

Requirements for the tag 
Requirement Metric Rationale 

Portable in size and weight.  Not bigger than 
150x150x50mm and weigh 
less than 0,5kg 

The device needs to be small enough 
to be portable and easily moveable 
on site  

Protected from solid or liquid 
intrusion   

Hold at least a IP66 
protection standard 
(complete protection against 
dust contact and protection 
from powerful water jets) 

The product will function in a 
construction site were harsh 
conditions are expected. Moreover, 
the product should not be hindered 
by any weather conditions 

Able to withstand heavy drops 
to the ground or mild collisions 
from machinery   

810G – 516.6 
Military standard shock 
proof 

The product needs to withstand harsh 
conditions which includes accidently 
being dropped or 
bumped into by machinery. These 
will be typical occurrences on a 
construction site  

Have access to power Stay charged for at least one 
business week 

A baseline discussed during user 
interviews for useful time period 

Accessible to a power source Micro-USB port The product needs to be recharged 
and needs to have a port from which 
it can do that. Micro-USB can reduce 
space needed and make the product 
more compact. 
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Attachable different types of 
material holders on site  

Compatible with attachments  All items on site need to be tracked 
regardless of how they are stored and 
the tag should be attachable to them 

Device should be easily 
attachable 

Should not require more than 
1 person 

The device needs to be as convenient 
as possible to attach to ensure that it 
is consistently used. 

Device should be easily 
detachable 

Should not require more than 
1 person 

It needs to be easy to strip a finished 
material unit of the device to be able 
to reuse the tag. 

Display basic tag information to 
users  

Via screen on tag and 
interface trough connection 
to the cloud 

Balance between making the screen 
readable and power consumption 

Identify owners of materials on 
site 

Information should be shown 
in interface within 5 seconds 

To ensure convenience of interface 
and maintain user engagement 

 
Table 8.5 Requirements for the tag 
 
 
 
8.7.3 Communication in the system 
 
 
As the system have a connection to a network and the cloud it continuously communicates with a 
database, reading, writing and updating information in it. The network capabilities and database 
is what enables interaction with the system. The database is made up of rows for each tag and 
columns for each attribute that the tag possesses. Information of the different tags is inserted 
through the different interfaces with the system. The information includes the tag id, the order id 
of the material it is currently assigned to along with the owner, the schedule for the material and 
tasks, the position and altitude, and lastly the time stamp of when the row was updated in the 
database. A captured instant from the database with two active and working tags and some of the 
information available can be seen in the figure below. 
 
 

 
 

Figure 8.5 Some rows of tags and information in the MySQL Database 

 
 
The communication is done through the cloud and database. At one side, each tag is an own 
constituent in the decentralized system. It takes care of itself and connects to the cloud and 
updates its information in the database. At the other side of the cloud and database all the 
different interfaces are connecting, making the same information available for all users. The 
solution is therefore versatile and flexible. The interfaces can then extract the needed information 
for the certain interaction. See the following figure for a high-level overview of the 
communication within the system.  
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Figure 8.6 High-level communication in system overview 

 
 
 
8.7.4 Interaction  
 
 
Application 
As the solution is meant to be able to be implemented on today’s site to pave the path for the 
autonomous machines that have yet not been rolled out, the system comes with an application for 
mobile devices so that the human workers can connect to and interact with the system. Parts of 
the application can be seen represented in the figure below, in this view it is showing all 
available tags at this small test site in both list view and as points on a map.  
 
 

 
Figure 8.7 Showcase of application, listing and locating Tags 

 
 
Augmented reality   
For the reason of simplifying the interaction with the solution, an AR application was developed. 
The user points the mobile device’s camera to the material to get the available information. In 
this way, there is no need to go through different menus or selections, simply just point the 
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device and receive the information. The technology behind the solution uses recognition of 
patterns and is envisioned to use the available technology in the tags for more accurate readings. 
It communicates with the cloud and database just like the other interaction systems, retrieving 
and updating the data when used. It is a flexible solution which could be ported and installed in a 
range of different technologies and devices, opening for many other use cases and opportunities. 
Some of these are that the view could be installed in windshields as head-up displays in today’s 
man-driven machines on the construction site, or be ported to AR glasses such as the Hololens 
from Microsoft for the workers to be able to interact without any extra effort needed. For the 
study, AR glasses were tested but it was chosen to have it at a mobile device as it had better 
cameras for recognition and was more portable than AR glasses. However, as mentioned 
different implementations could mean new users and advantages of the system in the future. See 
figure below for a showcase of the AR functionality in a mobile device, requiring the user to 
only point the device in the direction of the material to get the information of the system. 
 
 

 
Figure 8.8 Showcase of AR functionality in the app, recognizing material using recognition and 
the Tag 
 
 
Machines 
Machines will be able to connect to the system through network and communication technology 
such as Wi-Fi. Thereafter, they will get knowledge of all the materials on site, their owner, 
schedule and the tasks they are assigned. Moving around the site they use the system combined 
with other technologies they are equipped with such as cameras with recognition to find the 
material and continue to conduct their tasks. This is a kind of AR, but as the machines there is 
nobody looking at it except the machine it is only in the machines vision the AR is available. See 
figure below of how it could potentially look from an autonomous machines perspective.  
 

 
Figure 8.9 Interaction with the concept from an autonomous machine perspective  
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8.7.5 System overview 
 
 
The suggested concept is a solution for the main research question, proving that is possible to 
help the conditions for implementation of autonomous machines through providing a system of 
material management which makes a part of the dynamic structure and environment of 
construction sites visible to the machines. Furthermore, the solution is anchored in the gathered 
and analyzed data and strengthened by the theory. The solution is made to be applicable today to 
help in the adaptation of the autonomous technology at the construction sites. It includes 
functionality of planning and scheduling of tasks and material, tracking and positioning of items, 
planning routes, and doing this with the main system evolving around the tags and the interaction 
with the system. Followed below is a full system overview of the concept and prototype solution. 
Looking at the overview it can assist in getting a better understanding of the above subchapters 
in one figure.  

 
Figure 8.10 Overview of concept and prototype solution  

 
 
 
 
8.7.6 Future vision 
 
 
As mentioned the concept and prototype solution is seen as a first step on for managing material 
and providing an interface and system for workers and machines. The concept and system has a 
future vision that comes with it of what could be done further down the road. Developing with 
the other technologies and providing a more and more intelligent solution. 
 

Aiding	autnonomous	machines	in	dynamic	environments	by	visualizing	material	and	
the	management	on	construction	sites	

Planning	and	
scheduling	of	tasks

Tasks	are	received	as	
requests	from	users

Aggregate	existing	
scheduled	 tasks	
depending	on	the	

planning

User	can	book	area	
for	material	and	tasks	
based	on	availability

Continuously	update	
requests	to	account	
for	unexpected	

changes

Tracking	and	
positioning	items

Identify	location	
reserved	for	
construction	

equipment	on	site

Identify	space	already	
occupied	by	other	
equipment	on	site

Detect	when	tag	
moved

Update	location	when	
the	tags	are	moved

Plan	Routes

Receive	request	from	
subcontractor	for	
desired	destination

Analyze	occupied	
space	between	

current	location	and	
desired	destination	

based	on	live	location	
of	construction	

equipment	as	well	as	
infrastructural	

obstacles

Generate	optimal	
route	for	user	to	
reach	desired	
destination	

Tag

Technologies	and	
components	

Positioning	

Communication	 in	the	
system

Interaction

Cloud	and	Database

Display	information	to	
users	through	tag

Provide	a	user	
interface	for	machines	

and	humans

AR	interaction



 

68 
 

Looking at the potential steps for the concept solution it can be put in a timeline, as seen in the 
figure below. First step towards autonomy comes with the above-mentioned tags and system, a 
solution fitted for workers and adaptation and implementation of the system. The next step could 
be tags coming pre-attached on material before coming to site or being implemented inside the 
pallets, including a guide for machines through an AR like interface. Steps even further down the 
road could be to tag every single piece of material permanently, at that point the technology 
could have become so small and energy efficient that it could fit in something like a sticker, that 
could be put on anything and everything. Always knowing where all the pieces of material are 
and where they are installed, providing complete traceability of all products even after 
construction. Making it easier to find issues that occurred with a certain material and provide 
reparation for example. 

 
 

 
Figure 8.11 Timeline for potential steps 
 

 
  

Todays	solution	fitted	for	workers	
and	implementing	the	system
- first	step	towards	autonomsy

Next	step	tags	put	on	or	
implemented	in	pallets	before	
coming	to	site,	guide	machines	
through	“AR	like	interface”

Steps	even	further	down	the	
road,	tag	every	single	piece	of	

material	permanently,	
technology	have	become	so	small	
and	energy	efficient	it	can	fit	in	
sticker.	Always	knowing	where	all	
the	pieces	of	material	are	and	
where	they	are	installed.	
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9 DISCUSSION 
 
  
The following chapter ties all threads together by discussing the results in relation to previous 
research, the methodology, gathered data, and purpose of the study. The section discusses the 
different aspects and factors included in previous chapters and if the study achieved what it set 
out to achieve. Furthermore, the discussion gives an interpretation of the results, if they are 
good or not.    
 
 
 
 
9.1 Result discussion  
 
 
This section includes discussing the result in terms of aiding the conditions for implementation 
of autonomous machines in dynamic environments and the suggested concept solution. The 
study is discussed in relation to previous research and the outcome track back to the processes 
and methods used as well as the gathered data, which are both discussed in the sections below.  
 
 
 
 
9.1.1 Aiding the conditions for implementation of autonomous 

machines in dynamic environments 
 
 
The dynamic environments truly pose challenges for autonomous machines. They are 
continually varying and changing in the structure. Solving the problem therefore needs to 
consider a large number of factors. The actual intelligence of the machines could not be accessed 
during the research. Therefore, it was completely focused on how the conditions for 
implementation could be aided externally.  
 
Externally aiding the conditions for implementation and operation of autonomous machines, in 
varying and changing environments, can be done in many ways and forms. The gathered and 
analyzed data in the evidence based practice concluded in looking at the direction of helping the 
machines through tracking and managing material. In that way finding and fulfilling the gap 
between knowledge and practice. Furthermore, providing a system for the users, that could today 
be human workers, but tomorrow be autonomous machines.  
 
If the data gathering would be conducted again under other circumstances the needs at the 
constructions sites could differ a little, even though the study tries to get a complete and general 
understanding of all construction sites through the data gathering and analysis. As mentioned in 
the theoretical framework, that the range of common practices can be vastly variable.  
 
Moreover, the direction that the study takes is highly motivated as a first step towards aiding the 
conditions for implementation, as construction sites makes great examples of a dynamic 
environment and material management is an important part there since materials are essential for 
conducting different tasks. 
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Comparing the construction industry with the other fields mentioned in the theoretical 
framework such as: medical and hospitals, automobile, manufacturing, and warehouses, it can be 
observed that the challenges of autonomy are similar. However, the construction sites pose 
another type of dynamicity than the others and lack the same historical coverage in the literature. 
Solving the challenges in more difficult environments might arguably make it easier to then 
adapt the same concepts in other fields as well.  
 
 
 
 
9.1.2 Concept solution 
 
 
The created concept solution was aimed to be something that could be implemented today and 
developed along with the rest of the technology. This means that the information and factors 
used today might not be the same as the machines needs in the future, but the concept provides a 
good starting platform that could be used and developed further.  
 
The tag itself is produced by available technology, and some components striped down to be able 
to get a more compact casing for the whole tag. This of course could mean a large error source as 
the technologies are used out of their casing and in another fashion then they are supposed to. 
For the future, developing a completely customized circuit board including all needed parts, 
would give many advantages and be more economical. This together with including a more 
compact or different shaped battery could mean significantly reduced size. Making the whole 
device a lot more portable and easier to implement.  
 
Having the end vision of conducting tasks at remote areas fully autonomous and without human 
assistance, means more complications. The material management needs to be prepared for before 
arriving at the site or be as mentioned in the future vision already thought of and implemented as 
part of the material containers. This making the conditions for implementation even more 
challenging since there is a larger gap between the knowledge and practice and no good 
possibility to perform an evidence based research for a best practice implementation 
intervention, especially without a starting point.  
 
The developed attachment method is adjustable and adaptable to certain kinds of material and 
material containers, and includes a modular way of putting on other types of attachment 
methods. These other types are however not developed and tested at a final stage and is 
something that could be done in the future. The decision of not developing them fully was 
because of the vision of implementing the tags inside the containers or changing the design of 
the tags in the future, which would make the other attachment methods not optimal.  
 
The developed tag and components are nothing completely innovative, but the novelty lies in 
applying it in the context of dynamic construction sites and connecting it with a system that 
enables a visualization and understanding of elements that are constantly moving and changing. 
The story and the system as a whole in the context is where the contribution and innovation of 
the concept lie.   
 
 
 



 

71 
 

9.2 Data gathering discussion  
 
 
It is always hard to investigate the future when the end goal is unknown. Working with an area 
which is uncertain requires a deep understanding of the domain in today’s view but also 
imagination of how it could look like further down the road. An explorative approach and design 
thinking was used to be able to tackle the questions that were very open at the start, and 
combining with the funnel research process being able to narrow it down and iterate the process 
to find the core.  
 
Looking in to the future and trying to imagine solutions demands clear goals, which are widely 
elaborated upon. Data gathering was therefore conducted in both Sweden and USA to receive 
two different perspectives and insights that could represent different markets and needs within 
the domain. The final goal was reached through deep analysis of the gathered data from these 
two countries in relation to previous studies and theory. The process could have been expanded 
to look at construction sites in other countries as well to get a more accurate representative 
gathering. The interviews and observations could also have been optimized by being done in a 
more efficient matter.  
 
As a big part of the study was based on creating quick prototypes and testing them against the 
field to gather further learnings, the conducted research had an overwhelmingly amount of 
gathered data of a practical type, using interviews, field visits, observations, and workshops. The 
literature and theoretical framework was also quite wide and had to be narrowed down and 
focused on the specific topics of the research. The theory laid the base for the study to identify 
and understand the key issues to be solved, and how the study contributes to the field. Also, it 
gave insights from previous research in several other areas and fields. The advantage of the 
approach was clearly the that the gathered data lead to concrete statements and current needs and 
problems within the domain and good theory to validate the statements against, while the 
disadvantages were that due to the overwhelming amount of data it was not possible to collect a 
complete set of needs during the constrained time of the study.  
 
The data gathering tried to observe real world situations, meaning interviews and observations of 
the constructions sites were done without asking questions of the type that would lead to a 
certain answer, instead asking questions that are very open and broad and letting the interviewee 
fill in the context and answer. Observations were done without affecting the workspace and flow 
being observed, in this way getting actual information that is not modified or glorified in any 
way. The gathering was focused on how the sites look like, include the machines and workers, 
and how work is conducted today. When doing the data collection, flaws and issues on site could 
be observed, and from that needs and goals could be formulated. As mentioned it is hard to 
predict how if these needs will be the same in the future, but the goals will at least be very 
similar to what they are today. Focusing at the future in the collection of data could have lead the 
researcher to missing certain needs of today’s situation, as each solution and context where 
aimed at being applied in the future.  
 
Although the concept solution is supported by the iterative process for insights and 
improvements, the study would have hoped to have a more quantitative data gathering after 
concluding the concept solution. Adding questionnaires to gather information about the results 
would have enabled to test the results further against the society and users for example. This 
could have given more insights to the adaptability of this kind of solution from another 
perspective. 
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9.3 Methodology analysis and discussion 
 
 
The chosen methods and approaches could achieve a result and solution within the frame of the 
area. Doing this through a study of the domain that gives deep knowledge and understanding 
about what is investigated. The variables for the study might have been of an uncertain nature in 
the beginning, but the ones that came up during the study were analyzed, defined, and measured. 
They even opened for more aspects that needed to be considered. 
 
As many of the method choices are combinations of the different ways, but with a specified 
strategy there were little to no parts that could not be investigated, but at the same time it was 
important to understand that it was not without changing the strategy that it could be applicable 
for varying situations during the research. Even though this there were some risks that occurred 
by using such an open approach it enabled for exploration of the given problem. However, t it 
could be hard to hold a high reliability of the study, if it would be done again during another time 
and under other circumstances the result could differ. This could be because of the nature of the 
design process used for parts of this study, making it completely unique. 
 
The reliability or credibility of the study concerns the method of collecting data and analytical 
methods to produce something that is both reliable and consistent with the findings. For this 
research, testing of the result and concept solution can be done by looking at the process leading 
to the result and comparing it to previous research and similar interdisciplinary areas. All data 
and information is carefully analyzed using a suitable method for analyzing data based in the 
theory. 
 
Validity of an investigation lies in the setup for the method, that is how well the study could 
answer what it set out to answer. Validity is also in the internal and external parts of the study. 
Internal in why the variables are interdependent and justified, and external such as if the 
selection is appropriate or needs to be widen and how generalizing the study is. 
 
Multiple methods were investigated for this research question and problem formulation and only 
the most fitted was chosen. This was an exploratory study that was of both the empirical and 
practical type. Using a qualitative approach with hints of quantitative studies, and collection of 
data through case studies, interviews, verbal reports, observations, field visits and workshops. As 
the selected process and methods are based on and backed up by scientific arguments there also 
lie a certainty that the study achieved what it set out to achieve. Making it reliable and achieving 
a high degree of validity.  
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10  CONCLUSIONS 
 
 
This chapter presents the most important conclusions made during the study in relation the 
purpose and objectives of the research. It considers the main research question and its different 
aspects.  
 
 
 
 
10.1 Aiding the conditions for implementation of autonomous 

machines in dynamic environments 
 
 

How can the conditions for implementation of autonomous machines in dynamic environments 
be aided? 

 
 
The construction sites truly represent dynamic environments in where there could potentially be 
autonomous machines involved. The dynamic nature means a continuously changing structure 
which is hard to understand and work with. Therefore, the conditions for implementation of 
autonomy has a certain barrier and truly needs to be aided. Aiding the conditions for 
implementation could be done in different ways, this study looks at one specific need and one 
area, being the need of external information of elements such as material and the material 
management on the construction sites. The concept solution suggested solves just that.  
 
Envisioning a fully automated construction site, the machines need to become more intelligent 
and understand the dynamic structure that exists. Information about their surroundings is 
therefore necessary. Firstly, how they would know of everything that needs to be done, how it 
would be done, when should it be done, and what external elements it needs for completion? The 
concluded area and result is that materials are something that most often is included in any type 
of construction task. Making them essential factors in the environment to know of when 
conducting tasks. Hence, the most appropriate as the first step to take in visualizing the dynamic 
elements on site. Visualizing materials makes it possible for the autonomous machines to 
become more aware of their surroundings. With that information being able to schedule and plan 
tasks and routes without any assistance. Moreover, in situations with multiple contractors, they 
would also know who the material belongs to and the identification, being able to track the 
background information of the material if needed. 
 
A solution can be developed to fit the challenges that occur for autonomous machines 
conducting tasks in dynamic environments today. These challenges can be everything from 
planning to do a task, to the communication in sites that includes a lot of changes going on 
continuously. As identified, the material management is a field which involve many challenges 
already at today’s sites. It is proven through this thesis that potential concepts could solve these 
issues and challenges, and be done in a way that can be developed along with the rest of the site. 
The presented solution with the tags can be used as a starting first step paving the way for 
autonomous machines. Today it is helping the workers, tracking their materials, schedule the 
materials movement and task assignments and a lot more involving the material management. 
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This is something that is needed to be done, especially if humans are not to be available at the 
sites and autonomous machines are meant to operate and conduct meaningful tasks on their own. 
 
Many different technologies and ways of aiding the autonomous machines have been considered 
and tested during this study. The chosen solution uses GPS for tracking and positioning, and Wi-
Fi as the networking and communication technology, sending and retrieving information from 
the cloud and SQL database. The tags are made up of a circuit board providing a brain to each 
device in form of the RPI. On top of the RPI is an eInk screen which provides the users with 
information without the need of another interface. Also, included in the tag is a rechargeable 
battery and charging/power distributing module. The hardware is combined with a layer of 
software to enable the transactions of information and interaction through the cloud and 
database. Together the technologies provide a platform and system that communicates with other 
elements around the site, enabling interaction from different users. From the different users’ 
perspective, they can interact with the system in the way that is most suitable for them. This 
solution is just one way to fulfill the wanted functions, other and future technologies could fulfill 
the same needs but with more efficiency and less need for maintenance and management.  
 
The novelty and innovation of the presented concept and prototype is that it makes the available 
structure in the dynamic environment visible. Furthermore, it also lies in the application of 
carefully selected technology, adding an own software on top, in this type of context of assisting 
the conditions for implementation of autonomous machines in dynamic environments, such as in 
the construction industry.  
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11  RECOMMENDATIONS AND FUTURE WORK 
 
 
This chapter presents the reader with recommendations and future work within the domain. The 
recommendations are improvements, more detailed solutions, and other areas which could be 
investigated further.  
 
 
 
 
Autonomy is something that is continuously developing and changing. Even for the suggested 
concept presented in this thesis there have been improvements discussed along the way. As 
mentioned in the “Future vision” sub-chapter that comes with the concept solution, tagging 
material could be a first step to universal tags for keeping track of everything available on site 
and making the complete dynamic structure visible and understandable for workers and 
machines. 
 
Suggestions for future work is to continue the research in what aids that can be provided for 
autonomous machines in dynamic environments. Looking at other aspects surrounding the 
domain, these aspects could be how machines know of their schedule and tasks, or tools and 
modules, or and how they communicate and work together in more challenging tasks.  
 
As the area is constantly changing, the solutions cannot wait and need to be developed along 
with the rest of the technology, otherwise the conditions for implementation and adaptation of 
the autonomous technology will be challenging, and the machines will continue to be limited in 
their functionality. It is realized through the research that providing incremental solutions helps 
with the implementation, adaptation and operation of autonomous machines, as the solutions can 
be tweaked and iterated along with the machines making both systems more functional and 
intelligent.   
 
Another interesting aspect to consider further is if the result can be evolved further to fit areas 
other than the construction industry.  
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APPENDIX A: VOLVO CE BRAÅS INTERVIEWS AND OBSERVATIONS 

 
 
Field visit date: 2017-2-8 
Main interviewees: Linn Andersson, Development engineer. Per-Anders Sköldberg, 
Development engineer. Roland Kvist, specialist in dumpers.  
 
 
 
 
A1: SWEDISH (ORIGINAL) 

 
 
1) Hur är företaget uppsatt? 

a) Två fabriker, 1:an och 2:an, varav 2:an är den nya och aktuella. Består i princip av 4 
avdelningar: kontor, tillverkning, importering och montering. 

2) Hur ser beställningsprocessen ut? 
a) När dumpern beställs, tar den 9 dagar att bygga den och från order till utskickning tar det 

3 månader.  
b) Mycket investeras i början av året, eftersom det är då det är mest köptryck. 

3) Hur fungerar dumprarna? 
a) Dumpern funkar i alla lägen. Om bara ett hjul är i kontakt med ytan är det fortfarande 

100% effekt som överförs till hjulet, därför kan dumpern köra i alla terräng. Funkar i alla 
lägen, uptime! 

b) (osäker) våta bromsar med kyl. Effektiviteten på bromsarna bestäms av kylningen. 
c) Billigast motorbroms (VEB: Volvo engine brake). 
d) Vissa dumprar har hydraulfjädring (bättre) 
e) Växellåda, viktig komponent som bara byggs av ett företag (Allison) 
f) Inte många hästar, men extrem vridmoment (2500 Nm, 3200 Nm) 

4) Hur används dumprarna? 
a) Stora maskiner gräver ner i stora och/eller djupa gropar i gruvor. I groparna används det 

mindre maskiner (dumpern en av dem). Finns restriktioner i vissa ställen med hur stort 
det får vara, då blir det djupare. Men då är problemet att det blir brantare. 

b) När det regnar fastnar de mindre maskinerna i groparna (till skillnad från dumpern) 
c) Efter att de har grävt klart, fyller de på det gamla och gräver ett nytt. 
d) En dumper kostar lika mycket som 10 lastbilar. Kostar därför jättemycket om de står 

stilla, eller går i sönder. Uptime viktigt! 
e) Förarkostnader för dumprarna varierar! Dyrt i Europa, billigare i USA, ännu billigare i 

Afrika (ändras dock). 
f) Dåliga förare medför även dyra underhållskostnader då det oftast är dem som tar sönder 

dem på grund av bristande erfarenhet. 
5) Vilka företag samarbetar ni med? Kunder? 

a) Förut var det mer globalt. Dock ansågs det vara jobbigare att ha chefer i t.ex.  Kina och 
det kändes mer avlägset. 2009 övergick det till lokalt igen, med chefer i Sverige.  
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b) Begreppet “Hauler Loader Business Line” nämndes, vilket innefattade ett samarbete 
mellan Arvika och Braås.  

c) Det globala samarbetet var komplext och det var svårt att få en överblick, samt anpassa 
sig (jämfört med lokalt). Man vill ändå försöka med det globala samarbetet för att man 
kan hitta synergi och få nytt perspektiv.   

6) Varför är fordonen så stora? 
a) Effektivare ju större maskin 
b) Kostnad för transporterad km mindre 
c) Vill man göra dumpern större är det inte som bussar och tåg, där man gör dem längre; 

Utan man måste göra den större från alla håll för att stabilisera. 
d) Det är dyrare att flytta hela maskinen, än komponent för komponent. 
e) I Europa är de mindre maskinerna mer önskvärda jämfört med USA där stora maskiner 

används mer. 
7) Hur länge har detta funnits? 

a) Började på 60 talet och då hade Volvo 100% av marknaden. Idén var byggd på en traktor 
med släp DD1524 – Gravel Chalie (detta var disruptive technology).  

b) 1979 gick det över till att man byggde en dumper från grunden och kom med sitt första 
riktiga koncept. Traktorn var då borta. (BM5350). 

c) 1979 hade man fortfarande majoritet på marknaden men på 80-talet började man förlora 
mer. 

8) Andra maskiner likt dumpern? 
a) Tipptruck: kan bli mycket större, snabbare (70 km/h), klarar inte av tuffa terränger. 
b) Konstruktions lastbil: snabbare (>100 km/h), kan vara lika stor, klarar inte av tuffa 

terränger. 
9) Vad är livslängden på dumprarna? 

a) ca. 25 000 h medel (som värst 15 000h i USA, som bäst 75 000h) 
10) Vilka är de vanligaste materialen som fraktas på dumprarna? 

a) Grus mest 
b) Lerbrott i Frankrike 
c) Marmor i Carrara Italien 
d) Road construction i USA och Ryssland  

11) Hur snabbt jobbar excavators, räcker det med de haulers ni har? 
a) Beroende på storleken på siten och på dumpern. Ibland missbedömde, vilket leder till 

ineffektivitet. 
12) Vilka är de vanligaste dumprarna som köps? 

a) A40-A45 
13) Varför inte göra grävmaskinen större, för att fylla på dumpern snabbare 

a) Görs redan. 
b) Man expanderar på alla håll. 

14) Hur bemöter ni kundens behov? 
a) Gör modell av siten -> optimerar antal maskiner och storlek på dessa. 
b) Tester utförs på dumpern: vibrationsbana, 4 lutningstest, träskbana etc. 
c) “sitesim” används för att utifrån kund inputs och egna algoritmer simulera fram den 

bästa lösningen med kostnad i fokus. 
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15) Hur ofta behöver man serva dessa? 
a) 2000-4000h för stor service (hjullager, oljor (250h) m.m) 
b) Man reparera oftast på plats. 

16) Hur ser det ut med förbrukning för dumprar? 
a) 420 liters tank slut efter 8h 

17) Vad händer efter man är klar med dumpern (använt i 25 000 timmar)? 
a) Man deponerar den på plats, oftast inte Volvos då de kan fraktas iväg för att återvinnas, 

gäller mest de riktigt stora maskinerna. 
b) Skrotas (optimalt, allt utan däck återanvänds) 

18) Vad ingår i Volvo Group? 
a) Volvo CE, marinen, industrier, lastbilar och bussar. 

19) Vilka andra produkter/märken äger Volvo CE? 
a) TeRex trucks och SDLG. 

20) Är Volvo CE stora i gruvdriften? 
a) Nej, det är mer Sandvik, Atlas Copco och Hitachi.  
b) Dumprarna flyttar jord hela tiden vid gruvorna. 

21) Vilka dumprar säljer ni mest av? 
a) 40-45 ton 

22) Kan man göra dumprarna autonoma och eldrivna? 
a) Ja autonoma, fast det är inte optimalt då det beror på vilken terräng det är. Oftast är det 

väldigt tuff terräng som de arbetar i.  
b) Autonom skulle kunna spara mycket pengar i reparationskostnader då det ofta är förarna 

som kör sönder fordonen. Man spara även pengar i form av att föraren försvinner. Förar-
kostnaderna beror mycket från land till land. 

c) Man hade kunnat göra dumprarna eldrivna men det finns inget batteri som klara det. 
Bränslekostnaderna hade gått ner vilket är en av de faktorer man kan påverka.  

23) Är det smart är börja gå mindre? 
a) Nej, då det är inte vad kunderna vill ha. 
b) Nej, eftersom man förlorar mycket kraft. Större är bättre 
c) Nej, på grund av att då måste man köra fler gånger och det kostar mycket pengar. 

Dessutom så kan man inte lasta det som man vill last då dumpern inte kan klara av vikten 
när det kommer till stenar och tuff terräng. 

24) Delar man in dumprarna i några klasser? 
a) Ja, A25-A30 är de mindre, A35-A40-A45 är mellan, A60 är den stora. 

25) Vilka används till vad? 
a) A25-A30 är mer till vägarbeten 
b) A60 till gruvor 

26) Vilka klimat måste dumprarna klara? 
a) Alla 
b) Många av terränger är väldigt leriga 

Titta vidare på hur många dumprar som får plats i en site. Hur brukar en typisk mining 
site se ut. Se video: https://www.youtube.com/watch?v=TI66CnEOQMs   
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A2: ENGLISH (TRANSLATED VERSION) 
 
 
1) How is the company set up? 

a) Two factories, 1:st and 2nd, of which 2nd is the new and current. Basically it consists of 
four departments: office, production, import and assembly. 

2) How does the ordering process look like? 
a) After the hauler is ordered, it takes nine days to build it and from order to dispatch it 

takes 3 months. 
b) Much is invested at the beginning of the year because that is when it is most buying 

pressure. 
3) How does the haulers work? 

a) The dumper works in all situations. If only one wheel is in contact with the surface it is 
still 100% power transmitted to the wheel, therefore, the hauler drive in all terrain. Works 
in all positions, uptime! 

b) (Unsure) wet brakes with fridge. The effectiveness of the brakes is determined by the 
cooling. 

c) Cheapest Engine Brake (VEB: Volvo Engine Brake). 
d) Some haulers have 100% hydraulic suspension (better) 
e) Gearbox, important component that can only be built by a company (Allison) 
f) Not many horse powers, but extreme torque (2500 Nm 3200 Nm) 

4) How are the haulers used? 
a) Large machines digging in large and / or deep pits in the mines. In the pits we use smaller 

equipment (hauler one of them). There are restrictions in some places by how big it will 
be, then it becomes deeper. 87utt hen the problem is that it becomes steeper. 

b) When it rains sticking the smaller machines in the pits (unlike the hauler) 
c) After they finished digging clear, they fill the old gap and excavate a new one. 
d) A dump truck costs as much as 10 trucks. Costs therefore very much if they are standing 

still, or breaks down. Uptime is important! 
e) Driver costs for haulers vary! Expensive in Europe, cheaper in the United States, even 

cheaper in Africa (changing though). 
f) Bad drivers also means expensive maintenance costs since they are the one usually 

breaking them because of lack of experience. 
5) Which companies are you working with? Customers? 

a) Before, it was more global. However, it was considered more difficult to have executives 
in eg China and it felt more distant. In 2009 it went back to being locally driven, with 
managers in Sweden. 

b) The term “Hauler Loader Business Line” were mentioned, which included a 
collaboration between Arvika and Braås. 

c) Global cooperation was complex and it was difficult to get an overview, and to adapt 
(compared to local). They still want to try global cooperation in order to find synergies 
and gain new perspective. 

6) Why are the vehicles so big? 
a) More effective the larger the machine 
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b) Cost of transported km is less 
c) If you want to make a big hauler, it’s not like buses and trains, which makes them longer; 

However, you have to make it larger on all sides to stabilize. 
d) It is more expensive to move the entire machine, from component to component. 
e) In Europe, the smaller machines more desirable compared to the US where big machines 

are used more. 
7) For how long have Volvo Braås existed? 

a) Started in the 60’s and then Volvo had 100% of the market. The idea was built on a 
tractor with a trailer DD1524 – Gravel Charlie (this was disruptive technology). 

b) In 1979 it went over to the building of a dump truck from scratch and came up with their 
first real concept. The tractor was then gone. (BM5350). 

c) 1979, still the majority in the market but in the 80’s began to lose ground. 
8) Other equipment like hauler? 

a) Dump truck: can be much larger, faster (70 km / h), can not handle tough terrain. 
b) Wireframe truck: faster (> 100 km / h), can be as large, can not handle tough terrain. 

9) What is the lifetime of the trucks? 
a) around 25 000 h average (worst 15 000h in the US, the best 75 000h) 

10) What are the most common materials that are transported on haulers? 
a) Gravel mostly 
b) Mud in France 
c) Marble in Carrara Italy 
d) Road construction in the United States and Russia 

11) How fast does Excavators work, it is enough with the haulers you have? 
a) Depending on site size and hauler size. Sometimes miscalculated, which leads to 

inefficiency. 
12) Which hauler is the most requested by customers? 

a) A40-A45 
13) Why not make the excavator bigger, to fill the hauler faster 

a) Already done. 
b) You expand in all directions. 

14) How do you respond to the customers needs? 
a) By modeling the site and optimizing the number of machines and size of them. 
b) Test the performance of the hauler: vibration, tilt test, swamps etc. 
c) “Sitesim”-program is used based with the customer inputs, then proprietary algorithms 

simulate the site to get the best solution with cost in mind. 
15) How often are they in need of service? 

a) Most machines work for 2000-4000h before they are in the need of great service (wheel 
bearings, oils (250h) mM) 

b) The repairman often comes to the site to repair. 
16) How much fuel does the hauler consume? 

a) 420 liter fuel after 8h (full tank). 
17) What happens after you’ve used the hauler to it’s full extend (used in 25 000 hours)? 

a) Two outcomes usually. One of the outcomes is that they depositing it in place and/or fill 
it with dirt.  
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b) The other outcome is that they ship it to a junkyard and recycle all parts (except the 
wheels). 

18) What groups are there in the Volvo group? 
a) Volvo CE, Volvo Penta (navy), factories, Volvo truck (trucks) and buses. 

19) What other products / brands does Volvo CE own? 
a) Terex trucks and SDLG. 

20) Volvo CE work a lot in the mining industry? 
a) No, Sandvik, Atlas Copco and Hitachi are more set in that industry. 
b) The haulers are moving dirt all the time. 

21) Which trucks do you sell the most of? 
a) 40-45 tons 

22) Can you do haulers autonomous and electric? 
a) Yes autonomous, although it is not optimal since it depends on the terrain. Usually it is 

very tough terrain where they work. 
b) Autonomic could save a lot of money in repair costs when it is often the drivers who 

drive the vehicles apart. You even save money in the form of the driver disappears. 
Driver’s cost depends very much from country to country. 

c) You can do the haulers electric but there is no battery that can manage it. Fuel costs 
would go down which is one of the factors that can influence. 

23) Is it smart is start walking less? 
a) No, because it’s not what customers want. 
b) No, because you lose a lot of power. Bigger is better. 
c) No, because then you have to run more times and it costs a lot of money. Additionally, 

you can not load it how you want to since the hauler can not support the weight when it 
comes to rocks and rough terrain. 

24) Divide the haulers in some classes? 
a) Yes, A25-A30 is the smaller, A35-A40-A45 is between, A60 is the big one. 

25) What used to what? 
a) A25-A30 is more roadworks 
b) A60 to mining 

26) What climate must haulers clear? 
a) All 
b) Many of the terrain is very muddy  
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APPENDIX B: SCHAKT OCH TRANSPORT VÄXJÖ INTERVIEWS AND 
OBSERVATIONS 

 
 
Field visit date: 2017-2-14 
Main interviewee: Lars-Göran Johansson, site manager 
 
 
 
 
B1: SWEDISH (ORIGINAL) 
 
 
1) Vi har sett lite på er hemsida vilka olika typer av maskiner ni har, men hur många och 

vilka typer av maskiner brukar man ha på byggarbetsplatser idag? 
a) 2 hjullastare, 3 lastbilar som kan ta 40 ton (+1 reserv), borr, kross 
b) Man har haft lastbilar men som var för grova, truckar men som hade för långt avstånd till 

krossen då det blir haverier. Trailer är optimalt då de har 5 axlar. 
2) Vad är det mest kritiska vad gäller kommunikation och plats på arbetsplatserna? 

a) att man följer säkerhetsanvisningarna vid problem, kommunikation på radio och på 
luncherna  

3) Hur ofta är det aktuellt för en maskin att ändra rutt? 

a) några gånger per år, annars samma rutt. 
4) Är det många maskiner som åker samma rutt en hel dag? Exempel? Vilka? 

a) lastbilar, samma rutt i flera månader 
5) Hur länge körs maskinerna? 

a) 8-9 h / dag 
b) Man flyttar 15 000 ton/veckan, 600 000-650 000 ton/år 
c) Ca. 3-3,5 lass/h 
d) En hjullastare lastar en lastbil på 3-3,5 skopor. 
e) Livstiden på dem är ca. 8 år 

6) Hur planerar man bygget? 
a) Enligt lagar, massa och flöde. 
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b) Specifikt 
i) Vald plats beror på: typ as sten, område i förhållande till bostäder. 
ii) Börjar gräva i en nivå, gräver sedan vidare i en ny nivå. När de har grävt klart lämnar 

de platsen och den platsen kommer troligtvis fyllas med vatten. 
7) Hur hade arbetsflödet förbättras om du hade varit fri att välja genom/över/under? 

a) över idag, enklare för motorvägar. Under funkar inte, då vi spränger nedåt år för år. 
b) Tänkte på transportband, tyckte det va dyrt då. Men idag hade det varit smartare att ha 

transportband 
c) Bättre om hela siten hade varit cirkulär 

 
8) Hur förhåller sig antalet maskiner med storlek på bygget? 

a) Idag som ovan, ändras inte mycket 
9) Hur ser en arbetsdag ut för dig och hur ändras det vecka för vecka/mån för mån. 

Känner du att det blir för jobbigt? (kan leda till att han talar om vila). Hur känner du, 
hade du velat ändra på det? 
a) Man har tillåtelse att arbeta kl. 6-18. Andra siter får bara jobba 10-16. 
b) Maskinerna arbetar 1 skift, 8-9 timmar. 

10) Vilka är de utmaningar på denna site/ som dessa maskiner haft? 
a) i dåliga väderförhållande kan det bli svårt för lastbilarna att ta sig upp för backarna, då 

saltas vägarna enormt mycket  
b) riskerna av stenar som faller på kanterna, kanterna rensas för att undvika detta problem 
c) risk för sprängmedel som ej är detonerat än, sprängsäkra fönster på hjullastarna och 

specialbehandling när det händer  
d) vissa stenar var för stora, hjullastaren måste arbeta extra för att flytta dem och sedan 

måste de hackas ner med hammaren 
e) Backarna är ca. 10-12% lutning vilket brukar vara max för lastbilarna med den typen av 

last.  
f) När solen är låg är det väldigt svårt att se 

11) Visa upp konceptet efter frågorna och be honom ge feedback. 
a) Han tyckte om idén om man hade planerat det tidigare. Nu kostar det alldeles för mycket. 

12) Hur kommunicera ni med varandra på siten? Vad använder ni för hjälpmedel, vad 
säger ni? Vilka är lättare att nå? 
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a) kommunikation sker via radio på siten, det kommer från år av erfarenhet, man vet var 
dem andra är annars är något konstigt. 

13) Beroende på vad han jobbar med. Hur hade du känt om nästa arbetssteg är förberett 
innan du kommer. 
a) En lastbilchaufför är emot det hetsiga tempot. Berättar även att en krossare inte kan funka 

i snabbare hastigheter. 
14) (Ta bra bilder på siten för att kunna stödja vår ants to elephants påstående) 
15) (Be om en uppvisning på hur rutterna ser ut) ← Uttjatat, men viktigt. 
16) Är det någonting som du tycker saknas på siten, ex resurser, planering, 

kommunikation?  
a) En “avlastningsräknare” i varje lastbil istället för att behöva räkna på papper hur många 

gånger man kört och avlastat. 
17) När blir det misskommunikation?  

a) väldigt sällan, det är en väldigt statisk site och dem känner varandra väl.  
18) Vad finns det för andra uppgifter på siten förutom de vanliga (Att arbeta med 

maskinerna) 
a) inga på denna siten. 

19) Hur fungerar GPS-mätningarna på maskinerna?  
a) Det fungerar precis som i en bil 
b) De kan ha några cm, ca 5 cm, noggrannhet.  
c) Satelliten ger signaler till en basstation som sedan skickar en signal till maskinen. 
d) Kartorna i maskinerna uppdateras hela tiden. 
e) De fungerar bra överallt, förutom när sikten uppåt är täckt. Det som fungerar överallt är 

en totalstation som man måste flytta. 
f) Man har ingen efterkontroll på noggrannheten. Man litar på GPS:n.  
g) Vissa var/är skeptiska för de tekniska lösningarna såsom GPS. 

20) Använder ni någon annan signal än GPS? 
a) GPRS för att se mönster av användning och produktivitet. Dock är det känsligt för vissa, 

de vill inte att man ser om dom jobbar eller ej. 
21) Tror du att man kan total-automatisera maskinerna? 

a) Lastbilarna kan automatiseras, väldigt skeptisk om automatisering på allt annat 
(grävmaskin, borr m.m. 

b) I framtiden kommer mer och mer att bli automatiserat. “Man kommer nog att sitta någon 
annanstans med en joystick.”  

22) Varför har ni inga mindre maskiner? 
a) Kommer innebära kostnader i form av lön till anställda ca. 700 000 kr/år. 
b) Hade det varit lönsamt hade det varit bättre med fler små, bättre arbetsflöde. 

23)  Ni har större stenar som står i en hög, hur länge är de där? 
a) De kan stå i flera år, det är ingen brådska 

24) Framtida önskemål 
a) lastbilsförare: önskar att det var jämnare material efter borrning och sprängning för att 

underlätta flödet  
b) Önskar att de hade 2 st 60 tons lastbilar. Då tar man även bort en förarlön 

25) Hur ser profilen ut när man gräver VS? 
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a) Som ett V. 
26) Vad är det svåra när saker går sönder i maskinerna? 

a) Felsökningarna eftersom det kan vara många olika fel. 
b) Många gånger är det samma saker som går sönder. 
c) Det tar oftast mindre än en timme att fixa ett haveri. 
d) Hårdare material ger mer slitage 

27) Observation 
a) Behövde ta en omväg genom att svänga runt, på grund av dålig sikt 
b) Litar helt på maskinförares ögonmått för stenar 
c) Stenhammare, bryter ner sten för sten → oeffektivt 

28) Hur påverkar väder? 
a) En av de tuffaste utmaningarna, kanten på berget blir lurigt och svår att förutspå när det 

är tjäle 
b) Svårt att köra för lastbil, måste salta väldigt mycket 

29) Har ni tänk på några andra lösningar på siten? 
30) Vad gör man för att dämpa bullret i lastbilarna? 

a) Det finns gummi i lastbilarnas flak som dämpar ljudet rejält. De är placerade på botten 
och på flakets högra kant. 
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B2: ENGLISH (TRANSLATED VERSION) 
 
 
1) 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? 
a) 2 wheel loaders, 3 trucks that can carry 40 tons (+ 1 spare), drill, crusher 
b) We had dump trucks, but those were too rough, they had to drive a long distance to the 

crusher and that’s where it occurs breakdowns. Trailers are optimal because they have 5 
axles. 

2) What is the most critical in terms of communication and place in the workplace? 
a) To follow the safety instructions in case of problems 
b) Communication on the radio and on lunch breaks 

3) How often is it the case for a machine to change the route? 

a) A few times a year, otherwise the same route. 
 

4) Are there many machines that go the same route for a whole day? Example? Which? 
a) trucks, the same route for several month 

5) How long running machines? 
a) 8-9 hours / day 
b) It moves 15 000 tonnes / week, from 600,000 to 650,000 tons / year 
c) Ca. 3-3.5 loads / h 
d) A wheel loader truck at 3-3.5 buckets. 
e) The life on them is about 8 years 

6) How is the work planned? 
a) According to laws, mass and flow of material. 
b) specifically 

i) Selected location depends on: type of stone, area relative to the living areas. 
ii) Starting digging at a level, then further digging into a new level. When they are done 

they leave the site and the site will probably be filled with water. 
7) How had the workflow is improved if you had been free to choose through / over / 

under? 
a) today we would like above, easier for highways. Under does not work, because we dig 

down year by year. 



 

95 
 

b) Thought of conveyor belts before, thought it was too expensive then. But today it would 
have been smarter to have conveyors. 

 
c) Better if the whole site had been circular 

 
8) How does the number of machines with the size of the building? 

a) Today, as above, does not change much 
9) 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? 
a) You have permission to work at. 6-18. Other sites may only work 10-16. 
b) The machines are working one shift, 8-9 hours. 

10) What are the challenges this site / that these machines had? 
a) in bad weather conditions, it may be difficult for the trucks to get up to the slopes, then 

the roads need to be salted enormously 
b) risk of stones falling off the edges, the are edges cleaned to avoid this problem 
c) risk of explosives that are not yet detonated, blast-resistant windows on wheel loaders 

and special treatment when it happens 
d) some stones were too big, the wheel loader have to work extra to move them and then 

they have to be chopped down with a hammer machine 
e) The slopes are ca. 10-12% slope which is usually the maximum for the trucks with this 

type of load. 
f) When the sun is low, it is very difficult to see 

11) Showcase concept for the questions and ask him to give feedback. 
a) He liked the idea if it had been planned before. Now it costs too much. 

12) 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? 
a) communication via radio on the site, it comes from years of experience, you know where 

the others are otherwise something is wrong. 
13) Depending on what he’s working on. How would you have known about the next stage 

is prepared before you come. 
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a) A truck driver is against the frantic pace. Also tells us that the crusher can not work in 
faster speeds. 

14) Is there anything that you think is missing on the site, such as resources, planning, 
communication? 
a) An “offloading-meter” in each truck instead of having to calculate on paper how many 

times you run and deliver. 
15) Are there any miscommunication? 

a) very rarely, it’s a very static site and they know each other very well. 
16) What other works are there for humans except for operating machines? 

a) None. 
17) How does GPS measurements work on machines? 

a) The GPS signal is obtained by a base station which then sends it to the “rover” (vehicles). 
b) The device has centimeter accuracy, >5 cm.  
c) When in need of better accuracy a “totalstation” is used as an external device that give 

millimeter accuracy. However, the totalstation needs covers only certain portion of the 
area and needs to be moved after 300-400 meters. 

d) The maps of the machines is constantly updated. The files they use are typically DXF, 
DWG or TEM (terrängmodell). 

e) The software they use are typical CAD software and GEO. 
f) There is no control of the digging work, there is a strong trust to the GPS. 
g) Biggest issue is when there are some occasional errors and the GPS expert need to travel 

to the machines to fix it. Usually the error is fixed after 1 hour. 
h) Some were / are skeptical of the technical solutions such as GPS. 

18) Do you use any other signal than GPS? 
a) GPRS to see the pattern of use and productivity. However, it is sensitive for some, since 

they don’t want someone spying on their work habits. 
19) Do you think you can completely automate-machines? 

a) The trucks can be automated, very skeptical about the automation of everything else 
(excavator, drilling, etc.) 

b) In the future, more and more becoming automated. “I can see someone sitting from a 
distance with a joystick, controlling the machine.” 

20) Why don’t you have smaller machines? 
a) Will mean costs in the form of wages to employees around. 800,000 kr / year. 
b) Had it been profitable had it been better with more small, better workflow. 

21) You have bigger stones standing in a pile, for how long will they be there? 
a) They can be there during several years, there is no rush 

22) Future requests 
a) Truckers: wish there were more uniform material for drilling and blasting in order to 

facilitate the flow 
b) Site manager: Wish they had 2 pcs 60 ton trucks. Then also takes away the employee fee. 

23) What is the profile when you dig in preparation for pipes? 
a) As a V. 

24) Biggest issues when machines break? 
a) Running tests because there can be many different errors. 
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b) Many times it is the same things that break. 
c) It usually takes less than an hour to fix a breakdown. 
d) Harder materials will wear down the machines. 

25) Observations 
a) The site manager needs to take detours to drive to a certain places because of lack of 

sight and therefore avoiding eventual accident. 
b) Rocks bigger than 1 meter are thrown aside to be hammered down. This process 

completely relies on the wheel-loader operator eye-measurements. 
c) Stone Hammer breaks down stone by stone → ineffective and slow 

26) How does the weather affect? 
a) One of the toughest challenges is when the edge of the mountain has frost and is 

therefore tricky to predict if there are some loose rocks that’ll fall. 
b) Difficult to run the truck up hills, road needs to be salted. 

27) What do you do to dampen the noise of the trucks? 
a) There are rubber in lorries flatbed that dampens the sound considerably. They are placed 

on the bottom and on the right edge of the platform. 
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APPENDIX C: CEMENTA ÖLAND INTERVIEWS AND OBSERVATIONS  
 
 
Field visit date: 2017-2-17 
Main interviewee: Claes Kollberg, factory manager  
 
 
 
 
Machines 
 
 
1) What different machines do you have? 

a) L180, L150, CAT980, CAT966 
2) How does the normal work process look like in the mining site? 

a) 1 Wheel loader – Stands and gather stone, fills buckets 
b) 3 Trucks receive stone, drives 4km and dumps its content in a crusher 
c) At the time we were there, the hauler waited 3 minutes for the next truck to come after 

finished loading the previous one. 
3) During the working process, what difficulties can the machine encounter? 

a) Only unpredicted changes, which can be weather impacts etc. Nothing systematic 
4) What types of improvements would you like on your process? 

a) Would like there to be autonomous haulers   
b) The flow of material, the trucks brings 40 tons of stones each few minutes. Even then the 

crusher stands still for a while before next truck comes along. If the flow is constant 
somehow, we might have a better rate of production.  

5) For how long does the machines operate? (stoppages etc) 
a) 8h work days, no stoppages other the ones required (for filling of bucket) 

6) Any suggestions on how to improve the uptime? 
7) Would you like bigger/smaller machines and why? 

a) There is a limit on how much the crusher can take.Therefore, 4 haulers with 60 ton 
payload wouldn’t work. But several 10 ton payloaders would work  

8) Would you like smaller but more machines? 
a) Not if they aren’t autonomous since then they have to hire more. 
b) Autonomous machines would be good it the roads are asphalted.  

9) What machines did you have earlier and why did you replace them? 
a) For hauling they have investigated many different types, decided to actually make good 

roads to be able to use trucks that can hold more and go at a higher speed. Having an own 
road-network allows for a higher strain than what is allowed on public roads, hence the 
only limiting factor is what the trucks are capable of.  
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Mining 
 
 
10) What kind of cement if produced? 

a) They produce special cement, “anläggningscement/grovcement” and “mikrocement”. The 
first one is for structures such as bridges and walls and the other one for building 
constructions. 

11) How is the blasting done? 
a) Focus on controlled blast, because all limestone has to be smaller than 1 cubic meter. If 

they are bigger, then they are simply put aside. 
b) They use explosives that are called “Bulkemulsion”, which is explosives in liquid form. 

Is it a better solution than Växjö’s? Goes all the way down? 
12) How much do you mine per blast? 

a) 10 000 ton/blast 
b) 400 000 ton/year through blasting. 

13) How much limestone is delivered to the crusher? 
a) 1700-1800 ton limestone a day 
b) The crusher can take 325 ton limestone a hour. 

 
 
 
 
Communication 
 
 
14) How do you communicate in the site? 

a) With communication Radio. Usually all messages from drivers and worker in fabric goes 
to the controlcenter. There is also communication between the drivers, when they want to 
tell each other of a certain change in e.g. the driving pattern.  

b) Also an centralized control center with an overviewing worker.   
15) What issues can there be with your present communication solution? 

a) No issues. 
16) What is the most critical point in your communication? 
17) How does different peers log/present their work? 

a) They use a report system called (GR”.”A). The third letter is not visible in my notes... 
18) How does other peers receive/search for relevant information? 

a) Through the control center 
19) 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?)  
a) Usually nothing out of the order happens, but when an accident of some sort occurs they 

have their procedures. They also mentioned a usage of “LCF”, don’t remember what that 
meant. 

20) When there is an issue, how do you signal it to the other peers and which ones are 
entitled to this information? 
a) Between driver they use radio, otherwise through the control center 
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Infrastructure 
 
 
21) How does the factory setup look like? 

 
22) How much energy is consumed in the factory? 

a) 38 GWh a year. 
23) What are the more frequent issues in the factory? 

a) these is sometimes issues with the ovens. 
24) How dynamic is the work? Why not a static conveying system?’ 

a) problem with where the crusher is located, it was built 30 years ago. Too expensive to 
move 

25) How do you control each separate station? 
a) one operator of the control system, communicates with the workers in the factory to keep 

the flow going 
26) When knowing how it looks today, could improvements be done to make it better and 

more effective? 
a) autonomous machines is a wish 
b)   

27) Why not co-axial crane? 
a) not applicable because of the long distance between site and manufacturing, 4km 
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Humans 
 
 
28) How does a normal day of work look like for different posts? 

a) In the mining site they work Monday-Friday 07:00-15:30. 
b) The crusher is operated to 22:00 

29) What improvements/changes would you like to have to streamline your work? 
a) Keeping a constant flow of material  

30) What other jobs does your workers have except for operating a machine? (preferably 
the ones that are close to a machine) 
a) control center manager, makes sure everything flows as it should do 

31) How often does an employee call in sick/injured? 
a) Not often, and if so they have someone that can manage that position filling in 

32) What are the dangers that you’ve put an effort in avoiding? 
a) leaving old areas of explosion unattended. So there is a program for introducing wildlife 

into the areas and actually making something of them.  
33) 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) 

34) What frustrations do you encounter? (To a worker) 
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APPENDIX D: SANTA CLARA CONSTRUCTION SITE INTERVIEWS AND 
OBSERVATIONS 
 

Field visit date: 2017-3-8 
Main interviewee: Jonathan Mayfield, site manager 
 
 
 
 
Dynamic site model: 
-where is stuff on ground? Idea:: QR codes on all items and machines that shows their footprint 
to the robot and to an iPad that the worker designing paths for the workers can see 
-response: hugely useful. tracking material, efficiency models. ties into everything, allows  track 
use of things  
-could tag stuff with info: like put up sheetrock, needs to be covered with weather   
 protection by next week 
-they pay for off site lots to store all their stuff nearby but not not the site. would be amazing to 
store this better or move it better in some way to not pay for that space 
-good to track material usage… what needs to be used and not used and can be brought  away 
-story: subcontractor doing glass guardrails, they bring in one pane at a time rolled on a cart, its 
heavy. they brought the glass to the site, showed them how to move it to where it needed to go 
(path wise) but then things got in their way and they wasted an hour trying to move it in , but 
then the day ended and they asked to get paid the full day despite nothing got done. Would be 
cool to be able to claim paths of travel for critical work that other people can’t obstruct for a 
certain time period 
-safety: see movements of hard hats/ vests to track their movement. if crew in basement is going 
up 5 floors to get materials every day, seeing this the contractor could then choose to move their 
materials to the basement 
-800 to 1000 people in the space. would be great to get data to track things 
 
Rain coverage: 
-dynamic tarp to protect only important areas… but how would the robots know where to self 
deploy and not run into stuff they shouldn’t touch etch 
-example of bad dynamic planning: batch of concrete ruined because dynamic planning isn’t 
perfect and a semi carrying doors was parked early in the loading bay and they couldn’t pour 
concrete in time 
-rain deflection deployment shouldn’t be all over the building only where its super critical 
-currently they seal off water sensitive parts of structures by shrinkwrapping (chloroplast) on 
scaffolding which is a pretty intensive process.  usually set up for a day or two while a specific 
scope of work is being done 
-“installing weather protection is almost like an art.  weather protection…theres an art to it” 
-general contractor is responsible for weather protection 
-like in hospital project if something is contaminated because there was moldy sheet rock 
because a drop of water got in someone could die years down 
-having one day of rain doesn’t add one day to the project. it could add a week if the one thing 
we couldn’t do in rain that day held up five other pieces that then delayed the project 
 
Identifying stuff/ownership on site: 
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-barcodes unique to each item/subcontractor on their stuff. in a room, within say a 10 ft radius 
you can then see what issues these 7 contractors are having when walking through to do QC 
stuff.  Can see where people have tagged issues, grab them and walk through to talk it over with 
them 
-people are ingrained in their ways of doing stuff, they’re good at it, hard to present them with 
totally new technology. 
-theres an app for QC stuff, but so many people don’t have iPads that most subcontractors call 
the main to have them log stuff in the app when its complteted 
-theres a snapchat for construction that geolocates videos/pics, learns voice tags ‘north tower 
overhead’ that links up everyones videos for specific areas etc.  But it is hard to get that 
infrastructure set up, everyone has to be using it but most people prefer to just take pics on their 
iPhone and email it. The new tech can’t require a totally new infrastructure, it needs to blend in 
with whats already there. 
-current infrastructure; people have ipads/iphones so apps are a good way to go.  also microsoft 
surfaces.  
-app bim Anywhere. super useful to compare (AR mode) with wall and what else is designed to 
exist 
 
Issue of tools: 
-most subcontractors and general contractors have lock up areas where they put their stuff.  you 
don’t carry around everything you need for the day, you have to go back to your box whenever 
you need something like a welder or rivet gun etc. go grab me this is an ok job for apprentices, 
but still burns manpower. getting tools to people.  have an app that you tap in you want a welder, 
and a robot shows up with the tool  like what hospitals use called TUGs system.  robots that 
carry prescriptions, bloodsamples, etc around hospital for nurses. 
-(this is word for word the idea we had early in the quarter, before we even site visited the first 
time, that we designed an experiment for… why did we not do this again? because CDR had too 
similar an experiment where a trash can moved by remote control) 
-really specialized stuff is in the palo lot (half mile down), that you might need to request to be 
brought in 
-maybe have prefilled boxes/kits for different jobs and a robot grabs a kit and moves it to where 
you’re headed to work for you 
-all the subcontractors use some standard carts. the GC could just own automated carts that send 
materials like glass sheets or tubing etc to the subcontractors. Typically everything comes to the 
site through the GC and is handed off to the subcontractor 
-once DPR (GC) adopts these, subcontractors would buy too to integrate 
 

Observation notes: 
 

• Lifting materials is archaic. 
• Main experts are subcontractors 
• Safety is always a concern. 

 
Precast gfrc walls. Fiber. Lighter concrete.  
Temporary Pipes sitting on site but where do we store it.  
Right now lots is stored in a lot and brought over when needed.  
Pipes sit around taking a lot of physical space. Can be in the way which stop people from going 
through and building stuff where it's siting around.  
JoBox storage  
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Traffic control of vehicles by pylons and barriers.  
Going from point A to B may require a certain desired route.  
They have barriers to keep certain vehicles from straying into sensitive areas or areas where stuff 
is stored. Also easier to see from obstructed view on machine if there's a small ledge or 
something on the ground.  
Manager has iPad for drawings etc  
Chests come up in elevators with equipment and supplies regularly for insulation wiring etc 
when filling the floor  
Delays: Oshpod looks at regulations such as seismic events. They come see stuff and decide. 
Takes a long time.  
Tiles etc get sand filled in between and beneath manually  
Guy taking five mins to pick up rock with bulldozer  
Contractors don't tag stuff properly. Mark with whatever tape. When they do a good job it's color 
coded and labeled. Maybe could use QR here?  
Spydercrane 
 Self assembling scaffolding? 
 
Dan (DPR) Hospital. Regulatory requirements. Design constraints. Permitting constraints. 
Building walls. Demolitions. Smaller tasks are probably repeatable. Moving cutting etc are 
repeatable tasks while the building isn't. They happen in a sequence that is project specific. DPR 
has dabbled in robots project Lion which does layout on the ground. Labor intensive and error 
prone. Automating may improve precision. Spend time observing. Lifting moving material. Sand 
blasting Finishing floors See: Ants building bricks YouTube video Interview Ken on safety 
Interview people on repeated tasks they do Can test stuff at off site warehouse with door frames 
and hardware where they work with stuff off site before bringing it on. 
 
Lockbox 
Jobox 
Office away from home 
Racks of water bottle 
Safety rain jacket 
Fall protection harnesses 
Secured vs unsecured (policy depends on sub - contractors) easy to take stuff secured 
Cut pipe done here 
RFID keep track of booties to make sure sub contractors keep using them. Automatically 
refilled. Big issue at hospital 
Spider box- temporary power. Moved around. Standard sizes/connections  
Data plans on paper. Big. Only so much you can do with small screen size. 
Light plate cover. Things that are quicker and lighter. Will be stored closer. 
Sometimes things left close are thrown away because space is needed 
A Georgia. Used to move around waste on location. 
If something is left unlocked, and it's a common tool, likely it will be swiped. 
 
GC provides common tools. That makes it universal to automate moving tools around. Matter of 
cost vs productivity if GCs thinks it worth it. 
 
Focus on specific application, electric power box, or specific tools 
 
Use fans to keep dust in space. 
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Basic material to instal protection all trades use: core plast white blue tape visc clean. If these 
run out it's a huge loss of time to go back down and fetch. 
Will use a lot of this stuff. Make it easy to access these things. Encourages protection. Otherwise 
sub C are less inclined to use it, and further repairs will happen. 
 
1000ppl, 40sub C, electricians are 300 
 
Anything would help. Productivity and efficiency is key. Biggest road block is getting what the 
worker needs and where they need it with the least amount effort. 
 
Equipment supply OES. Call them. Gangbox ordered from them. Sell and rent. Quicker and 
easier to do it from yourself instead of middle man. 
 
Search industrial construction supply 
 
 
 
 
Field visit date: 2017-4-18 
Main interviewee: Jonathan Mayfield, site manager 
 
 
 
DPR	site	visit	to	discuss	the	app	layout	and	current	designs	for	attachment	mechanism:	 
	 
Post	DPR	meeting	Notes:	 

• LCD	vs	e-Ink:		
o LCD	very	cheap		
o Could	have	it	on	only	when	button	pressed		
o e-ink	expensive	for	big	screen:	find	smaller?		
o e-ink	looks	way	better,	always	on		

	 
• Battery:		

o Rechargable		
o Charge	by	cable	vs	wireless	charge:		
o Wireless	charge	is	pricey	to	implement		
o Wired	charging	leads	to	cable	mess		
o Plug	into	slot	with	plug	and	charge	indicator		

	 
• Hub:		

o Has	rack	of	chargers		
o Enter	on	computer	details	of	item		
o Tag	onto	device	by	either		

• Scanning	device	(then	wifi)		
• Inputting	device	number	(then	wifi)		
• Plugging	into	device	to	upload		

	 
• Attachment:		

o Preferring	one	size	fits	all		
o Adhesive	plus	disposable	snap	fit	clip		
o Short	rubber	belt	like	ankle	bracelet		
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o Clamp	on	(how	to	size	spring	to	be	strong	but	usable?)		
	 

	 
DPR	meeting	with	Johnny	to	go	over	app	+	system	overall	design:	 
Delivery:	 

• Workers	often	unload—	bigger	subcontractors	have	foreman	or	someone	manage	deliveries,	
but	plain	worker	should	be	able	to	take	care	of	a	delivery	(e.g.	assume	no	iPad)		
• Usually	a	paper	trail	(they	have	a	slip/	delivery	information	and	number)		
• General	contractor	manages	gate	access	to	allow	anything	to	even	come	on	site		
• Delivery	management	system	is	mostly	to	schedule	truck	access	—	to	deny	trucks	if	someone	is	
scheduled	to	come	in,	or	let	them	in	if	no	one	scheduled		
• The	schedule	does	not	show	details	of	what	the	contractor	is	bringing	in	with	delivery		
• Johnny:	However,	requiring	an	infrastructure	that	is	a	small	leap	(adding	a	delivery	network)	is	
ok.	We	don’t	want	to	limit	ourselves	by	what	exactly	already	is.	We’re	innovating.	I	don’t	see	it	as	a	
problem	if	we	require	people	to	upload	a	BOM	to	the	database	to	integrate	with	the	delivery	
system.	Wouldn’t	increase	adoption	barrier	too	much		
• The	subcontractors	already	have	their	BOMs,	they	just	aren’t	integrated	into	one	system,	but	
that’s	a	fairly	minor	obstacle.		
• Could	talk	to	a	couple	subcontractors	to	get	some	sample	packing	slips	so	we	can	build	a	couple	
sample	deliveries	that	look	realistic		

	 
Device	+	Hub:	 

• Thinks	it’s	great	to	have	small	e-ink	screen		
• Strap	is	great,	like	ankle	bracelet	(prisoner	things)		
• Device	housing:	Rubber	coated,	shockproof,	waterproof,	overmolded		
• Backplate	has	strong	adhesive	that’s	replaceable.	once	you	use	it	and	take	it	off,	you	put	a	new	
disposable	backplate	on	it		
• At	the	main	hub	station	provide	options-	adhesive,	buckle,	clamp	etc	so	that	person	can	pick	
what	they	need	for	it	depending	on	where	it	will	be	used		
• NackBoxes	have	data	enabled	boxes	with	built	in	monitors	in	lid	etc.	Can	make	a	smart	box.	
They	input	delivery	at	the	system—	hey	its	a	delivery	off	schedule	and	we	got	to	put	it	in—	they	can	
put	the	info	in	at	that	box		
• They	already	have	a	computer	in	a	trailer	that	is	used	by	subs	to	put	in	their	inspection	info.	So	
its	not	a	high	adoption	barrier.	A	similar	model	could	be	used	to	input	information	on	the	tags	by	the	
delivery	site		
• Maybe	scan	at	the	computer	so	it	just	beams	the	information	exactly	—	“plumber,	May	5th	on	
site”—	etc	info		
• We	have	40	to	50	deliveries	a	day,	trucks	may	come	with	10	different	things	a	day—	hundreds	of	
devices	a	day	would	need	to	circulate		
• Thinks	price	per	device	should	be	under	10$	per	device—	costs	already	10	grand	to	just	get	the	
unit	then	you’d	want	500-1000	on	a	medium	size	job.	All	in	investment	of	1000	units,	base	station	
(1-2),	and	mounts	in	the	20-30-50grand	range	would	be	fairly	reasonable	and	not	overwhelming	buy	
in	cost	(pretty	plug	in	play	with	one	IT	guy	to	setup)		
• At	minimum	plan	battery	power	for	a	week	out	in	the	field.	Would	not	want	to	have	to	charge	
the	device	for	6mo	to	a	year.	Delays—	if	you	planned	for	a	week	but	it	sits	out	for	a	week	and	a	day	
you	don’t	want	it	to	drop	off	the	map.	Even	if	it	has	to	be	more	expensive	up	the	time	it	can	last.	
Rechargeable	battery	for	hot	swap	if	need	be		
• 3D	print	device	to	match	GoPro	attachments,	then	buy	their	nice	clamps	etc	to	test	with		
• Try	to	do	inductive	charging	so	that	you	don’t	have	hundreds	of	cable	sin	charge	box,	just	drop	
in		
• Remodel	in	office	building	could	get	WIFI	only	indoors.	big	project	like	DPR	site,	would	want	
GPS.	Offer	two	models	cheap	and	expensive.		
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• Link	he	sent	us	is	standard	dimensions	of	everything	they	use	on	dpr	site.	See	gangbox	website	
for	typical	dimensions		

	 
App:	 

• We	use	a	BIM	anywhere	app	(NWD	file	through	autocad…	pushes	updates	to	BIM	anywhere	app	
from	their	cad	model).	takes	output	of	3D	model	BIM	model	and	is	an	iPad	app	that	lets	you	look	
through	model	on	there.	Point	cloud	model	in	3D	space	or	floor	by	floor	plan	model	in	an	area	when	
you	tap	to	zoom	in		
• Not	useful	to	filter	by	type	of	material	probably	(maybe	at	the	beginning	of	the	project	when	its	
being	set	up	with	stock	keywords	metal	studs,	rebar,	conduit,	copper	pipe)		
• Two	things	more	useful	to	track:	filter	by	subcontractor	(turning	areas	over,	trying	to	get	stuff	
out	of	the	building:	good	to	export	a	pdf	or	spreadsheet	saying	the	plumber	still	has	500	things	left	
in	the	building	over	here…	highlight	on	map	and	tell	the	plumber	contractor	to	go	get	their	stuff	
out)		
• And	also	by	ID	number	that	the	subcontractor	can	put	in.	they	all	have	their	numbers.	metal	
workers	have	“shippers”	like	“shipper	352”	to	track	their	shipments	as	they	come.	“I’m	looking	for	
352”	and	the	app	shows	them	where	it’s	at		
• Basic	keywords,	sub,	delivery	ID.	Keep	it	simple	so	more	people	want	to	use	it.	3D	view	would	be	
cool,	but	floorplan	is	more	useful	and	easier	to	do	for	now		
• Filter	by	Time	Stored	so	that	they	can	see	what	hasn’t	moved	in	a	while	that	can	maybe	be	
stored	elsewhere.	You	brought	this	6	months	early,	you’re	wasting	our	space		

	 
• Reserve	by	time	and	colored	spaces	is	great.	Have	them	be	able	to	be	programmed…	different	
areas	at	different	phases	of	project	are	good	to	store	material.	Owner	of	the	system	could	define	
storage	spaces	(the	general	contractor)	and	subcontractors	could	reserve	spaces	of	the	defined	
ones,	or	request	spaces	that	are	not	currently	defined	as	available. 	Some	places…	whole	floor	fair	
game	to	store	material	on	free	to	reserve.	Or,	if	you	need	to	be	down	on	the	fourth	floor	where	
there	is	work	going	on,	you	can	request	it.		

	 
• Path	plan	is	great..	“super	cool”.	Ties	into	reserve,	but	separate	from	storing	material,	could	tie	
to	delivery	so	you	can	input	your	path.	Can	look	in	app	at	any	given	time	and	see	what	paths	
deliveries	are	taking.	Working	on	some	floor,	pull	up	for	“noon”	the	different	contractors	paths	that	
people	will	be	taking.	Currently	they	use	paper	records	to	map	out	their	tasks	(putting	ladder	up,	fall	
protection,	etc),	so	this	would	be	a	really	cool	next	step	to	include	in	the	paper	pre	task	plan	“how	
am	I	bringing	this	through	the	building?	If	I	go	through	here,	and	I	tap	in	my	path	for	the	building	
desired,	it	blinks	because	a	super	intendant	has	marked	this	area	off	as	off	limits	dangerous,	and	you	
can	call	the	super	to	check	if	tis	ok	to	go	through	there”		
• This	is	beyond	the	base	functionality,	longer	adoption	to	get	that	much	information	
engaged.	But	cool.		

	 
How	do	people	know	exactly	where	everything	is	at?	 

• Early	on	in	construction	there	are	grid	lines	on	floorpans.	Alphabetical	and	numbered.	This	is	
before	lots	of	walls.	Say	“hey	near	grid	line	A6”	to	show	location.	(~30ft)		
• Later	in	construction,	switch	to	room	numbers.	“In	room	3057”.	And	then	there’s	also	
vernacular	“south	tower	east	end”	etc..	Tracking	grid	line	and	room	number	would	be	good		
• 10-15	ft	accuracy	would	be	great.		
• To	save	bandwidth	and	accuracy,	could	also	not	refresh	constantly.	Every	few	mins	is	fine	to	
update	location.	(or	just	when	triggered	movement,	it	switches	to	a	faster	update	frequency)		

	 
What	about	moving	/	alerting	other	peoples’	stuff?	 

• Have	a	simple	button	on	device	“this	has	to	move”…,	general	contractor	hits	button,	pushes	
notification,	sends	ntoficiation	to	subcontractor	that	this	needs	to	be	moved	by	end	of	day	or	they’ll	
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be	charged.	Simple	alert	“this	shouldn’t	be	here”,	maybe	a	red	led	that	stays	on	on	the	unit	until	it	is	
moved	/	disarmed	by	general	contractor		
• Or	it	disarms	once	it’s	out	of	the	radius	it’s	not	supposed	to	be	in	(10m	away	from	where	it	was	
flagged	or	something)		

	 
Adoption:	 

• Construction	companies	love	technology,	anything	that	makes	them	more	efficient		
• Would	target	smaller	companies	to	buy	1-5	units	of	it	to	test	out	how	it	boosts	productivity	in	
key	areas,	then	roll	it	out		
• -No	need	to	worry	about	device	being	stolen	since	its	gps	tracker.	Could	flag	red	if	goes	off	site		
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APPENDIX E: INTERVIEW, MUNICIPAL WORK WITH CONSTRUCTION MACHINES 

 
 
Main interviewee: Mikael Lundin, Municipal worker - moving dirt in parks and playgrounds  
 
 
 
 
Observations and citations:  
 

• “Controls the arm using a portable controller, and drives around the area to be able to 
reach all spots”    

• “It is hard to get into small areas … sometimes I can only drop the dirt outside of the area 
and then i have two guys moving the dirt with a wheelbarrow rest of the way”   

• “I am completely against this way of working, it is much easier if we would have 
machines that would fit in smaller areas”  

• “You will still need someone with experience, but the work will be easier” 
• “Sometimes the batteries die and the machines just stops” 

 
 
 
 

 
  



 

110 
 

APPENDIX F: OTHER INTERVIEWS AND OBSERVATIONS  
 
 
Anonymous, house renovator. 

• “Had to call to get a guy out here to mark where the pipes were before we got started 
digging” 

• “Wheelbarrows was used occasionally” 
• “Buckets was used to get dirt out from inside” 

 
 
Observations of construction site, Karlskrona pottholmen: 
 

 
Exchangeable heads for the excavator, used to be able to adapt to certain situations. 
Deliver modularity. 
 
 

 
Dirt is acquired to the construction site and moved around when needed. 
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Site not active at night, not only because of the worker constraints, but also because of 
conducting noise at night.  
Ordinary working time is from 7-16. Sometimes they can work 6-18.   
 
 

 
Trucks have a hard time fitting in everywhere 
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Hauler trucks blocking the sidewalk and road 
Not every excavator has a hauler connected to its work 
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APPENDIX G: ILLUSTRATIONS OF DIFFERENT SITES AND TASKS  

 
Source of the images is Volvo Construction Equipment - Corporate Presentation (2017) 
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