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ABSTRACT 
 
Background 
Today’s quarries face a change in the operational processes, where the development of automated 
transport systems and machines have intensified the necessity for reliable and stable data transfer. 
Within the dynamic environment, with piles building up suddenly, frequently changing mining faces 
due to blasting, as well as a frequently changing general environment that affect the network coverage 
negatively, there is a need for a solution that can adapt to the changing environment. 
 
Aim 
The aim of this research has been to investigate the requirements for a dynamic infrastructure, and 
develop a platform based on today’s available technical solution components that can act as a dynamic 
platform for the evolving autonomous quarry. This by also reducing the time the worker is exposed to 
the harsh environment that the quarry presents. 
 
Method 
The research was conducted through a combination of a product development strategy and Design 
Research Methodology to develop a concept that fulfills the customer needs that are identified. An 
iterative process, where the needs were translated in to prototypes, has created learnings through every 
step of the development process. 
 
Result 
The result is a relocatable platform for communications relay, which is mounted on a trailer with a 
fixed mast to distribute short-wave communications in the area where the mobile unit is needed. The 
trailer is equipped with a four-point leveling system that also act as a stabilization system for the unit 
and ensures that the platform maintains a horizontal plane at all times. This platform is a first step 
towards a fully autonomous management of the communication infrastructure which in the future will 
be needed when a stable process and connection is necessary in the frequently changing environment. 
The relocatable platform is a necessity for adaption of the short-wave communication in the constantly 
changing environment. 
 
Conclusions 
Since this is a first iteration and concept in the development of a dynamic platform, extensive field tests are 
required to determine which subcomponents are in need of further development or optimization. The completed 
prototype for the platform is functional and field ready for further testing in its real environment for further 
collecting of data points. 
This concept is a subcomponent of a larger system, where the goal is to increase the productivity and reduce the 
environmental impact from today’s quarry industry. Through reduction of human interaction and management of 
the relocation of the mobile unit, the workers safety is increased and the harsh environmental exposure is 
reduced. 
 
Keywords: Automation, Communications platform, Quarry, Open-pit mining, Construction 
Equipment 
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SAMMANFATTNING 
 
Bakgrund 
Dagens bergtäkter står inför en förändring i operativa processer, där utvecklingen av automatiserade 
transportsystem och maskiner har ökat kraven på en pålitlig och stabil uppkoppling för dataöverföring. 
Inom den dynamiska miljön där högar med material plötsligt kan byggas upp, frekvent förändring av 
brytområden på grund av sprängning samt förändringar i miljön som påverkar nätverks täckningen 
negativt, finns ett behov av en lösning som kan anpassa sig efter denna förändring. 
 
Syfte 
Syftet med denna forskning har varit att undersöka de krav som ställs för en dynamisk infrastruktur, 
samt designa en plattform utifrån dagens tillgängliga tekniska komponenter, som kan agera som en 
dynamisk plattform som möjliggör en vidare utveckling av en framtida automatiserad bergtäkt. Detta 
genom att också minska tiden människor behöver vistas i den farliga miljön som området nära 
brytverksamheten utgör.  
 
Metod 
Detta gjordes genom att använda sig av en kombination av produktutveckling samt Design Research 
Methodology för att utveckla ett koncept som uppfyller de kundbehov som identifierats. En iterativ 
process där behov har omvandlats till prototyper har skapat lärdomar i varje steg i 
utvecklingsprocessen. 
 
Resultat 
Resultatet är en omflyttbar plattform för kommunikations relä, som är monterad på en släpvagn med 
en fix mast för distribuering av kort-vågs kommunikation i det område där en mobil bas enhet behövs. 
Denna släpvagn är utrustad med ett fyr-punkts nivelleringssystem som både stabiliserar systemet och 
ser till att plattformen är horisontell konstant. Denna enhet är ett första steg mot en helautomatiserad 
hantering av nätverksinfrastrukturen som i framtiden kommer behövas då en stabil process och 
uppkoppling krävs i denna ständigt förändrande miljö. Den omflyttbara plattformen är en 
nödvändighet för implementering av kort-vågs kommunikation i den konstant föränderliga miljön.  
 
Slutsatser 
Då detta är ett första steg i utvecklingen av en dynamisk plattform krävs omfattande fälttester för att 
avgöra vilka delkomponenter i systemet som behöver vidare utvecklas och optimeras. Den 
färdigställda prototypen av plattformen är funktionell och redo för fälttester i en verklig miljö för 
vidare insamling av datapunkter. Detta koncept är en komponent i ett större system, vars mål är att öka 
produktiviteten och minska miljöpåverkan från dagens bergtäktsverksamhet. Genom minskning av 
mänsklig hantering för omförflyttningen av den mobila enheten, ökas säkerheten för personal samt 
tiden då de exponeras för den farliga miljö som brytverksamhet utgör. 
 
Nyckelord: Automation, Kommunikations plattform, Bergtäkt, Gruvindustrin, Bygg-
och Anläggningsutrustning 
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PREFACE 
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specifically the handling of infrastructural platforms for communication equipment on current and 
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the department of mechanical engineering. The research has been a collaboration with Volvo 
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NOMENCLATURE 
 

AP   Access Point, networking hardware which allows a wireless network 

device to connect to a wired network 

CAD   Computer Aided Design, software for design, creation and modifications 

CFD   Computational Fluid Dynamics, computer simulation system for fluid 

simulations 

DRM   Design Research Methodology 

DS-I   Descriptive Study I, part of the design research methodology 

DS-II   Descriptive Study II, part of the design research methodology 

LOS   Line of Sight, No obstacles between the objects 

MSPI   Master's in Sustainable Product-Service System Innovation 

NLOS   Non-Line of Sight, obstacles between the objects 

PS   Prescriptive Study, part of the design research methodology 

QoS   Quality of Service 

RC   Research Clarification, part of the design research methodology 

UAV   Unmanned Aerial Vehicle, remote-controlled or autonomous aerial 

vehicle 

UGV   Unmanned Ground Vehicle, remote-controlled or autonomous aerial 

vehicle 

V2I   Vehicle to Infrastructure 

V2V   Vehicle to Vehicle  

Volvo CE   Volvo Construction Equipment 

WLAN   Wireless Local Area Network, collection name of different types of local 

networks 
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1 INTRODUCTION 

1.1 Pains of today 
 

The future of quarries is moving towards more automation and less environmental impact. In 2016 
Volvo Construction Equipment launched their Electrical Site project that is predicted to reduce the 
carbon emissions from machines by up to 95 percent and a reduction of ownership cost by 25 percent 
[1]. At this stage, demonstration of electric site operation is forthcoming. 
 
Today’s trends in machine development from companies such as Volvo CE are heading towards 
smaller vehicles and more streamlined processes. The drive for this is to increase productivity and 
enable a more stable process, by minimizing the risk of productivity stoppage due to machine 
breakdown. Replacing the larger machinery with several small give the benefit for the process to not 
being sensitive to sudden maintenance issues, which could halt production until the equipment has 
been repaired. The other large factor is that this reduction in size enable the usage of alternative fuel 
sources such as batteries reducing the dependence of combustion engines. 
 
The newly developed electrified hauler that is being introduced for usage in the quarry industry has a 
vehicle design that is reduced to the necessary minimum, which also means that the cab where 
antennas and cameras on previous equipment has been mounted, is removed. To enable the gathering 
of data from the equipment it is need of some supportive solution. 
 
The automation of transport vehicles for mined materials and fleet management has shown positive 
effects in terms of production in open pit mines, but most important removing personnel from the well 
documented harsh area and dangers that open pit mines and quarries can present [2]. 
 
Surface quarries that produce aggregates and construction material apply the open pit mining method 
of mechanical extraction to produce its products, however in certain literature quarrying has been 
defined as the mining method for production of intact blocks of stone called dimension stone [2]. In 
this thesis the term quarry is referred to the open pit mines that produces aggregates and construction 
material by utilizing the open pit mining method. 
 
To utilize the benefits of fleet management and machine monitoring, as well to increase safety on site, 
the need of data transmissions and communications has risen along with the automation of transport 
vehicles and process monitoring [3]. Since the operator has been removed from the area where 
transportation is occurring, with the newly developed hauler, information previously gathered by the 
operator is now collected by the machine or the process equipment. Following the trends of replacing 
larger equipment with smaller ones [4], the need for larger data transfers at construction sites is 
expected to increase along with the clients connected to the system. 
 
Earlier studies performed has highlighted the benefits of having real time information and real-time 
control through wireless communication at quarry and road-construction sites, for the implementation 
of lean processes as well to increase site safety and productivity [5], in these studies issues connected 
to the infrastructure for providing a reliable wireless communication network is also identified. Some 
of these challenges include the mutating topographic nature of quarries as well as the non-line of sight 
conditions that can occur suddenly, which present challenges on the infrastructure, providing wireless 
communication and make fixed located access points in areas of operation non- viable [3], [5]. 
 
Envisioning a future in which autonomous machines and teleoperation is a part of construction 
equipment, especially in exposed areas such as close to the mining face, the need of a reliable and 
connected worksite is desired. 
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1.2 Volvo Construction Equipment 
Volvo CE is a world leading company in the area of developing vehicles and system solutions for the 
construction industry. The company was founded over 180 years ago which makes it the oldest 
company in their field. The company started out in Eskilstuna, Sweden, and are today a global 
established company. 
 
Volvo CE believes in a sustainable future, this they want to achieve by guiding their technology by 
innovations, hard work and imagination. With the global construction industry as their arena, they 
want to create a connected, clean and smart future. 
With their core values quality, environment and safety as their foundation, Volvo CE offers a broad 
portfolio of complete solutions throughout the whole products life chain [4]. 

1.3 Aim 
 
Although there is a perspective of signal processing this is not the main research area of this thesis. 
This thesis aims to focus on determining the issues and needs the electric quarry operation faces and 
what supportive infrastructure is required to prepare if for autonomous process with intelligent 
machines. 
 
As can be seen there is a need for a dynamic method of providing signal coverage on quarry and 
mining sites, if real time wireless access is desired, this in order to adapt to the dynamic changes that 
occur during operation and increase the capabilities of information gathering and safety on site level. 
 
The aim of this thesis is to investigate the needs related to providing wireless short-wave 
communication on a dynamic autonomous quarry and from these needs design a tangible solution 
using currently available technologies. 

1.4 Delimitations 
 

This study is limited to only the construction industry segment known as quarries. With the conditions 
and scenarios that occur on a future autonomous electric quarry site in Sweden, due to its uniqueness in 
terms of layout and machinery operating there. To date no such site exist in full operation, and therefore 
it is of need to mention that this study is on a desired future scenario, although tests are being performed 
and the electric site is scheduled for running a proof of concept in September, during the time of this 
thesis there exist no fully autonomous electric quarry operation. These limitations are set because of the 
electric quarry site being first of its kind, however learnings and insights from other quarry sites located 
in Sweden will be incorporated and provide valuable insights in terms of needs and feedback on 
suggested solutions. 

 
Due to the limited timeframe of the thesis project there will be no investigation into the area of 
propagation characteristics of the wireless signals as well as suggestions of components used for 
providing wireless short-range communication. This to maintain focus on the issues regarding the 
methods of distributing required access points and not to be limited to disruptive technologies in terms 
of protocols changes. Therefore, the issues and needs will be based on the current technology which 
provide adequate QoS for equipment operating at the site. 
 
Since the quarry site in investigation is not in full operation and no physical access to the site is available 
the available knowledge around the issues and needs will be collected through interviews of experts and 
artifacts in form of site maps. 
 
There is not a limitation regarding cost of the proposed solution, however the proposed solution should 
be economically justifiable. 
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1.5 Thesis question and/or technical problem 
From this the following research questions are posed 
 

• How can communication relay support, for autonomous vehicles at a dynamic electric quarry 
site be obtained? 

• What are the conditions and needs a communication relay need to fulfill to act as a support unit 
on an autonomous dynamic quarry site? 
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2 RELATED WORK 
 

Since the investigation of usage of short-range wireless communication is a relative unexplored field 
for the quarry construction industry, research focused on platforms for providing wireless 
communications are chosen as baseline. 
 
The basic need for constant communication and connectivity is prevalent in the mining industry both 
sparking the PIMM project with aim of increasing productivity and safety in the mining operation [6]. 
Within the project four key technologies have been identified as critical if the project is to succeed, 
and receiving a large amount of focus for development, two of them being closely related to the focus 
of this thesis. These two are access point deployment for closed environment and a robust QoS based 
communication for automation. With the goal of having tele operated machinery as well as fully 
autonomous transportation the need of reliable and stable communication with low latency and high 
throughput of data is essential. This project focus on the implementation of these kind of solution for 
the underground mining operation which in terms of layout differs from that of a quarry operation. 
Underground mining facilities with well-established road networks and paths that rarely change, 
unless new mining faces are being excavated and do not suffer the constant Line-of-sight (LOS) issues 
(also known as Non-Line-of-sight issues) that can face short wave communication in the quarry with 
constant changing topology, dust and obstacles as identified in David Rylander’s research on the 
utilization of short range communication for quarries [5] Rylander has in his research uncovered the 
benefit of having real time communication in quarry operations with the aim of more lean and 
optimized processes utilizing data gathering in real time. There are also measurements on the 
performance on three promising technologies for facilitating short-range communication highlighting 
the issues regarding line of sight for certain protocols. In this research a large focus is on vehicle to 
vehicle (V2V) communication meaning that the autonomous machinery gathers information and 
informs nearby other machinery of the information on demand. Another type of communication is the 
vehicle to infrastructure (V2I) which can be facilitated in one of the following three ways; either via 
satellite, via cellular or via short-range wireless communication.  
 
Satellites have the benefit of providing good coverage over large areas but at the cost of low 
bandwidth and long latencies along with subscription based fees. Cellular communication on the other 
hand can provide higher bandwidth along with lower latencies but is often subscription based and 
sometimes hard to come by in remote locations where quarries and mines are located. Therefore, the 
utilization of WLAN infrastructure for facilitating V2I communication in which the operation can 
establish its own network for relaying the required communication and data is utilized. WLAN short 
for wireless local area network is a network that links devises together with the usage of wireless 
communication. WLAN is based on the standards given by IEEE 802.11, more widely known as Wi-
Fi [7].  
Research into the issues of facilitating this kind of infrastructure in a quarry setting is relatively new 
but also seen as an obstacle that is needed to overcome for the allowance of autonomous machinery. 
To ensure safety and avoiding risk an over sending of information is expected requiring both a stable 
V2V and V2I communication with high bandwidth and low latencies something that certain protocols 
within IEEE 802.11 can provide. 
 
A trending technology that has received extensive research is the field utilizing aerial platform as 
means of providing broadband communication to remotely located areas and overcoming terrain 
obstacles by the ability of flight. Research has been conducted in the usage of Unmanned Aerial 
Vehicles (UAV) for providing temporary wireless short-wave communication in desired areas and to 
alleviate NLOS conditions with field testing performed in other settings [8], [9]. The field test 
conducted in this research has shown the capability of UAV to alleviate NLOS conditions. To 
incorporate a solution of this kind there is a need to determine the conditions the platform should 
operate at to provide wireless shortwave communication for a quarry construction site. 
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Further research has been conducted on the utilization of Unmanned Ground Vehicles (UGV) with 
focus on acting as communication relays with field testing done on this topic [10], Implementation of 
a communication relay platform of this kind there is a need to clarify the conditions and obstacles that 
is needed to be overcome affecting the design of a ground unit acting as a mobile communication 
relay.  
 
A field that has utilized the WLAN for facilitating wireless communication is the open pit mining 
industry. Within this segment frameworks for a more autonomous distribution of access points has 
been suggested in research, were the researchers provide a proof of concept that by using the 
information of the wireless communication quality, orders to where nodes are needed is obtained [3] 
this research highlights the need of research into a mobile unit that can be relocated to areas in which 
network coverage is needed, with the aim of removing the operators and persons from the dangerous 
environment that open pit mines can present while also maintaining a productive uptime for the 
process minimizing downtime. There are however no suggestions on how this platform should be 
designed or the requirements set on such a platform which this thesis aim to answer.  
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3 METHOD 

3.1 Design Research Methodology (DRM) 
 
The overhead research methodology chosen for this master thesis work is the Design Research 
Methodology (DRM). This methodology provided by Blissing and Chakrabarti [11] is applied on this 
research for support in identifying the research area, research approach, methods and for its guidelines 
in systematic planning of the research. Even though this is a structured and clear process with guidelines 
for the different stages the process is open for interpretation and combination of other approaches and 
methods. 
 
The DRM framework structure is four stages, those are Research clarification, Descriptive study I (DS-
I), Prescriptive study (PS) and Descriptive study II (DS-II), which are described further in chapters 
below. Figure 1 shows the links between those stages and the main outcomes and basic means of those. 
What also can be seen in Figure 1 is that this is not a “gate” process and the different stages will be 
iterated and developed throughout the research duration. The bold arrows show the main process flow, 
while the light arrows illustrate the many iterations that will probably be applied [11]. 
 

 
The DRM are suggesting seven types of different research types, the types differs in which stages of the 
research the researchers will cover in depth. Those different types of researches are presented visually 
in Table 1, were the stages are presented at the top and how those stages will be approach presented 
below. 
 
The type of research for this master thesis has been chosen by to researchers to be Type 5. The expected 
outcome is a suggestion of design which the researchers have chosen to focus on iterative prototyping 
for empirical data, and together with literature review during the stages be able to generate and evaluate 
the design. Therefore, this type of research is suitable for this thesis, where the most time will be spent 

Figure 1: DRM framework [11] 
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in the DS-I and PS stages and those will also be more extensive. The DS-II which also is the end step 
of this process which is initial and the final evaluation will only be based on a prototype and concept 
and not a final product with high amount of gathered field data. Those steps are further described in 
following chapters. 
 
Table 1: Types of design research projects [11] 

 
 
The time plan for this master thesis is presented beltable ow in Table 2, this plan might change during 
the research duration. As mentioned before and which can be seen, the focus and the most time spent 
of this research will be in the DS- I and PS. The reason for this is also that those will be more time 
consuming due to the chosen type of research (Type 5) which declares those stages as comprehensive 
which will be described in 3.1.2 Prescriptive study and 3.1.3 Descriptive study I. The weeks in total is 
in total a higher number than the duration of the research, this is because the different stages is 
overlapping each other. 
 
Table 2: Research time plan 

Research Stages Approximate time 
Research Clarification (RC) 4 weeks 
Descriptive Study I (DS-I) 4 weeks 
Prescriptive Study (PS) 10 weeks 

Descriptive Study II (DS-II) 2 weeks 
Finishing thesis 3 weeks 
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3.1.1 Research clarification (RC) 
 
The RC stage is the first stage of the DRM framework, the aim is to identify and refine a research 
problem. The research problem is going to be realistic and worthwhile from both an academic and 
practical perspective. This requires that the researchers have an overview of understandings available 
for the area of interest, this also to developing a plan for the research that is most suitable to solve the 
research problem. The research plan and the knowledge for the area of interest will evolve during the 
research process and Blessing and Chakrabarti are predicting that this will be evolved during the DS-I 
stage of the DRM framework [11]. 
 
Blessing and Chakrabarti are pointing out the main objects of the RC stage to be: 

• Identify 
o Expected research goals that are going to be realized 
o Preliminary criteria of success and measurable success criteria for evaluating the 

research outcome 
o Focus of the research 
o The main research problems 
o Questions and hypothesis 
o Area of expected contribution 

• Develop an Initial Reference model and Initial Impact model 
• Provide a focus for the next stages of the DRM framework (DS-I, PS and the DS-II) 

 
To express the reliability of the research and to arrive at a shared view of initial understanding and 
expectation between the researchers and the stakeholder the Initial Reference model and Initial Impact 
model was developed in which the research problem, preliminary influencing factors, the links between 
factors (both in Initial Reference model and Initial Impact model) [11] are existing. The initial models 
maintained a fair amount of assumptions which was investigated and refined with references or 
experiences when the research, knowledge and understanding evolved during the research process. 
 
To be able to identify the success of the research the preliminary success factor and measurable success 
factor need to be introduced in models. It is important that the measurable factor of success is evaluated 
based on relevance regarding research problem but also on the duration of the research project. 
 
To increase the knowledge base and to clarify which problems that are already solved both in practice 
or academia, it’s necessary to do an exploration of literature [11]. This will also clarify the relevance of 
research problems that is attendant to explore. 
 
The researchers next step was to identify the type of research that is the most suitable for answering the 
developed and identified research questions and verify the hypothesis. The DRM framework provides 
seven different types of design research that are presented in Design Research Methodology 
(DRM),Table 1, where the different stages (RC, DS-I, PS and the DS-II) are assigned different 
categorizations depending and how the stages are foreseen to be executed. As mentioned earlier the 
researchers chose Type 5 for this research. 

3.1.2 Descriptive study I (DS- I) 
 

The aim for the descriptive study I (DS- I) is to increase the understanding of the research problem and 
goal and identify the relevant factors such as the success factor. This was done by further literature 
review, based on what was relevant to the Initial reference model and Initial impact model which were 
developed in the previous stage (RC). The increased understanding of the existing situation is crucial to 
be able to investigate the influence of the criteria and factors that is affecting the research problem. Also, 
how those factors are influencing each other, this is important to develop the complete and final Impact 
model and Reference model. The Reference model and Impact model was continuously 
improved/updated during this step when further knowledge and increased insight was given. 
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Blessing and Chakrabarti is mentioning that this stage will help the researchers by identifying the factors 
that will be needed to develop a support for the next stage (PS) and therefore it is of importance to 
identify the factors that will be suitable to address in the PS [11]. This is the basis for the developing a 
support in the PS and therefore it is important to also identify the details needed to later conduct a proper 
evaluation of the developed support from the PS. The factors and criteria was identified through 
interviews and observations. Those were then structured in matrixes from the different sessions which 
then were conducted in to a matrix of all criteria and needs. 
 
As mentioned in Section 3.1 and shown in Table 1, the researchers have chosen to do a comprehensive 
DS-I which include conducting a literature review as well as empirical studies. The empirical studies 
are only done when the literature is highlighting a lack of understanding in the research topic, or when 
there are relations between the Impact model and the Reference model that is not as clear as wished. 
 
The suggested deliverables for this stage is following according to Blessing and Chakrabarti [11]: 
 

• Complete Reference model, success criteria, measurable success factor and key factors 
• Updated Initial impact model 
• Findings for support for development of the support and to evaluate the support for the existing 

situation 
 
After completing the Reference model and continuously updating the Initial Impact model the 
researchers updated the list of criteria and requirements that the support that was going to develop had 
to fulfill. The measurable of success factor and the key factors was not set due to other evaluation 
methods which the researchers found more suitable for the research project. 

3.1.3 Prescriptive study (PS) 
 
The focus of the third stage of DRM is to develop a design support to reduce or eliminate the critical 
issues that previous stage DS-I or DS-II identified, those findings should be discussed and thereafter the 
design support can be developed [11]. 
 
The result of this stage should be realized in the way that the functionality can be evaluated, the result 
should be able to be evaluated in the extent that the design support is fulfilling the purpose of which is 
was developed. This is due to the type of research which this stage (PS) is set to be a comprehensive PS 
which includes all the stages of the prescriptive study which is following [11]: 
 

• Task clarification 
• Conceptualization 
• Elaboration 
• Realization 
• Support evaluation 

 
The design support is going to be a suggestion/prototype which will be tested, if possible in the real 
environment but the test could be sufficient and real enough on a test environment. 
 
The problem-solving cycle presented by Blessing and Chakrabarti contains the four following steps 
[11]: 
 

• Clarify the problem or the need to be solved 
• Develop and generate solutions that could fulfill the need presented 
• Compare the different solutions to each other and evaluate them against the problem and need 
• Decide which solution that is suitable and solves the problem and need in a sufficient way, if 

this is not found the process should be iterated. 
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Those stages were completed through back casting at the support that was given from previous stages 
and then based on those ideate and sketch concepts which could be possible support for the identified 
problem. Those concepts were then evaluated and the most promising were then through an iteration of 
ideating then further developed or directly conceptualized through prototyping. When there is a solution 
that is evaluated to be a suitable solution, the next step was to generate a prototype as mentioned before, 
this were at some cases first a “dirty prototype” which will try out the functionality and evaluate the 
ideas to be able to see if there are issues with the suggested solution. There after the prototype was to be 
developed in to a functional prototype that can be used in the next stage which is DS-II. 
 
How comprehensive the stage is, is depending of what is requested and the duration of the project. In 
this case the realization was not be considered in the extent of implementation, due to the duration of 
the project and that this is not requested.  

3.1.4 Descriptive study II (DS- II) 
 
The fourth and “final” stage of the DRM is the DS-II which focusing on the evaluation of the design 
support developed. The crucial part of this stage is that the focus of the evaluation should also consist 
evaluation based on the intendent goal of the research project. 
 
The chosen type of research which in this case is Type 5 the DS-II is aimed to be an initial DS-II, this 
means that this is when the research is “wrapped up”. Therefore, the minimal required deliverables that 
the DRM is suggesting is following [11]: 
 

• Indication of usefulness, applicability and usability of the developed support 
• Indication of links, issues and factors that need a detailed evaluation 
• A suggestion for a proper evaluation plan 

 
Those minimal deliverables are based on that there will only be an initial evaluation to round up the 
research, the evaluation will focus on the possibilities to draw any conclusions and relations on how the 
developed support is contributing to the aim of the research [11]. Therefore, the researchers focused on 
an application evaluation where the link between the design support and the Measurable Success criteria 
is evaluated based on the literature and the functional tests [11].  The design support is aimed to be a 
concept which not was tested in its future environment, therefore the design support was evaluated on 
its functionality based on the future environments conditions.  

3.2 MSPI Innovation Process 
 
This master thesis the aim is not only to provide research but is also a development of an already existing 
product. Therefore, the MSPI innovation process was also interlaced for this research process. The MSPI 
is based on design thinking [12] with short iterations within the stages of the development process. The 
aim of the MSPI innovation process developed by Johansson and Larsson [13] which is also mention by 
Tim Brown [12] is to provide a process for development of a design which meet the criteria of 
desirability, feasibility and viability. The researchers used this to interlace the academic research with 
development. 

3.2.1 Initiation 
 
The initiation stage is the first stage of the MSPI innovation process. This stage is all about setting the 
stage for the process, framing, teaming and planning [13]. The framing part is crucial to know what the 
aim of the research and project is, the researcher chose in stage to focus more on the framework which 
is provided by Blessing and Chakrabarti which the researchers felt suitable for their research [11]. The 
framing of the research is by Johansson and Larsson [13] to ensure that the researchers have the correct 
mindset for an innovative and impactful solution. 
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In terms of teaming the researchers sat down and had a long discussion about the goals, expectations, 
communication, decision making and the roles that the researchers individually had in their minds. A 
recommendation by Johansson and Larsson is to formalize this in a team contract [13], but this the 
researchers did not feel necessary after the discussion due to similar thoughts.  
 
The general planning was approximate and not detailed, just to set the milestones and deadlines. During 
the projects duration the plan was weekly and sometimes daily updated, this planning was done by both 
researchers so the decision of deadlines was mutual and this iterative planning with short cycles is 
something that is also recommended by Johansson and Larsson for an agile planning [13]. To follow 
the plan and to get remembered at frequent basis, the researchers did the short iteration cycles on the 
board. This included a “To-do-list” for every day, this was done by the researchers to have a visual 
planning of the upcoming days and what was expected by the researchers to deliver. 

3.2.2 Inspiration 
 
The inspiration stage is the second stage of MSPI innovation process, this is were the researchers did 
their needfinding. The problem that the researchers were trying to find a solution for was already 
developed and stated, but there was still need for deeper understanding. Therefore, the researchers did 
some further needfinding to be able to gather more information about the problem, this was done by 
observations and interviews. There were different types of interviews conducted, both with experts and 
with workers in the field, the observations were done at the site which was in the scope of the research 
which mentioned before is quarry sites. The observations were done because people tend to explain 
something and answer questions in one way, but in reality, do something else. 
 
To be able to develop a solution which will be used and not outdated in the end of the research duration, 
the researchers tried to identify the emerging trends, this is something that Johansson and Larsson is 
also recommending [13]. 
 
During this stage of the MSPI innovation process Johansson and Larsson to identify emerging 
technologies, services and disciplines to see what the future offers, this is conducted to understand what 
the future could possibly offer [13]. This was not something that the researchers dug deeper into, only 
when ideas were generated which possibly couldn’t be realized today but was still interesting. 

3.2.3 Ideation 
 
During the ideation stage which is about developing ideas the researchers had a strategy which 
Johansson and Larsson is mentioning as well as first diverging and then converging in the design space 
[13]. This was conducted by the researchers by first go through the research that had been conducted 
and the knowledge that they had about the focus of the research. So that the researches had this in their 
mindset before continuing further in to the ideation stage. Before the first ideation sessions started, the 
researchers had individually developed their own ideas of a solution for the problem in focus, those were 
presented and discussed before they sat down and had their second brainstorming session which they 
could been influenced by each other’s ideas. 
 
The two ideation sessions were then attached two a wall or a white board were the researchers discussed 
the different ideas and adjusted the ideas on the board. There after the researchers either conducted 
another brainstorming session or started adding pros and cons about the ideas. The pros and cons was 
then the base and input for the next step which could either be decision-making or iterating the 
brainstorming if the ideas were considered not good enough. 
 
The decision-making which also is the converging part of the ideation stage, the researchers choose to 
use the Pugh matrix [14] as an evaluation tool. This tool helps the researchers rank the different ideas 
based on the characteristics and criteria the solution must fulfill. The top ranked were then looked at and 
a decision was made by the researchers to either proceed with one or more ideas to either further develop 
or take to the next stage which is implementation. 
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3.2.4 Implementation 
 
The implementation stage is all about exploring the ideas and create more valuable knowledge about the 
ideas. To do this the researchers started off by building simple prototypes for the ideas and concepts that 
has made it to through from the previous stage of the process. Those prototypes could be either be visual 
prototypes, experience prototypes or tangible prototypes as Johansson and Larsson also are mentioning 
[13]. 
 
The researchers built prototypes for three reasons, gathering feedback, and tests or to for increasing their 
knowledge about the idea and to find more value by having the idea in “reality” instead of on a paper. 
The researchers built some simple prototypes for the purpose increasing knowledge about the concept, 
those could either be in paper, wood, 3d-model and simple 3D-printed models. Those were then 
evaluated which could lead to iteration of the ideation stage or further develop the prototype. Those 
simple prototypes could also be used for gathering feedback from both stakeholders and from 
supervisors. 
 
The full-scale prototypes the researchers used for both the visual and for testing. The small-scale 
prototypes gave the researchers an approximation of how the concept would look, but the full-scale 
prototypes were used for getting a better understanding of how the subsystems would fit together. Those 
were also used for testing, the test was for validating the ideas based on the criteria and requirements 
the subsystem had. 
 
The researchers also pitched their ideas and concepts with the stakeholders for feedback which then 
were analyzed. This feedback was then input for next iteration of the previous stage which is ideation. 

3.3 Research approach 
 
The DRM methodology is well structured to get the documentation needed correctly done and to get the 
academic depth in the research. The DRM framework is also similar to the MSPI structure which led 
the researchers to merge the two together and use the suitable tools and steps within the stages to create 
the most suitable approach possible for the research conducted. This approach and strategy was used to 
have the DRM as the foundation for the research and the MSPI had the structure more suitable for the 
development of a concept. Therefore, a combination of those was suitable to interleave the academic 
perspectives with development and together give the research “the best of two worlds”. 

3.3.1 Qualitative or quantitative Strategy 
 
The purpose of the qualitative approach is to categorize something, the centralized part is to search for 
models, descriptions and categories which will be most suitable for describing and visualizing a context 
or phenomenon in the area of interest. This approach is not suitable for describing size, amount or 
quantity in research [15]. 
 
Data gathering for the qualitative approach is recommended by Olsson and Sörensen to be interviews, 
case study, observations written stories and focus groups [15]. 
 
Quantitative approach is often used when the researcher is to base its research on questions that can be 
proven and are measurable. The research uses quantifiable results, statistics and questioners to collect 
data to validate the result [15]. 
 
The researchers have chosen the qualitative research strategy for this research because of the need of 
observations and interviews that needs to be conducted for data collection. The research will also be 
based on already existing theories but the focus and aim of the research is not based on a hypothesis 
which can only be proven by existing theories.  
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3.3.2 Inductive and deductive approach 
 
The inductive approach is driven by the researchers gathering data from the intended environment 
through observations and interviews. This data is then analyzed and set in practice and in principles, this 
is then combined to develop a theory which then is used in the research [15].  
The deductive approach is focusing on the already existing theory which the research and conclusions 
is based upon. This research is often driven by that the researchers develop a hypothesis about the reality 
which is then researched [15]. 
 
This research will use an inductive approach. Meaning that the problem was identified through a 
statement, but then the theory needed and applied comes during the projects duration through empirical 
data gathering. This through interviews, observations, prototyping and testing increase the knowledge 
about the problem [16]. 

3.4 Literature research 
 
The literature research was set by the status and of the design process of the research, the literature 
research differed during the duration of the research. This because of the new knowledge that emerged 
and the lack of knowledge within new areas of interest. This led the researchers to further find literature 
which could be utilized as foundation for new knowledge. In few cases the literature was used to verify 
the investigations made but more often as a foundation for a new investigation area. 
 
The literature was mostly found through databases due to the availability and suitability whenever 
needed. 
The strategy used to investigate literature is the strategy that Blessing and Chakrabarti is suggesting, 
steps presented below was used during to increase the efficiency [11]. 
 

• Read the abstract. 
• Read the introduction and conclusion 
• The results 
• The background, objectives and setup 

 
During the review of literature, it is important to analyze the assumptions/experiences that the 
researchers are presenting to see if those are based on data and if the output is relevant and evaluated 
[11]. The relevance of the literature was checked through the release dates, citations and if the authors 
had been involved in other literature within the topic to verify if the author was known in the area of 
interest. 
 
Throughout the duration of the research the interviews, observations and the literature were the input 
for keywords for further literature research. Keywords that emerged were: Earthmoving; Earth-
moving; Automation; Supervisory control; Wheel loader; Shadowing; Large scale fading; UAV; 
UGV; Wireless communication; Wi-Fi signal propagation; Fade margin, Open pit mining. 

3.5 Data gathering 
 
In this chapter the data gathering process is described in which the researchers used multiple methods 
combined to gather both qualitative and quantitative data [17]. The reasoning behind this is because of 
the complexity of the system investigated and there is not only an academic perspective but also from 
the development perspective. Therefore, only one data gathering method would not be suitable for this 
research occurring to the researchers. 
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3.5.1 Interviews 
 

During the research two types of interviews were conducted, those were interviews with experts in the 
field where information and data was needed but also with people that are working in the area of interest 
but were not experts in the field. The interviews with the workers had the aim to get an understanding 
of the environment and what causes problems according to them, while the interviews conducted with 
experts was to get a better understanding and to gather specific and detailed data about a precis topic. 
The interviews were planed differently but had the same output, which is information and data. When 
interviewing experts, it was crucial to find the expert needed and the reason for the interviews often 
came from observation or previous interviews with workers. The expert interviews were planned and 
conducted according to the strategy suggested by IDEO [18]. First the researchers identified which type 
of expert that was needed to answer the questions that had arisen, the topic of the interview was presented 
to the expert before the meeting should take place so that the expert knew which types of questions that 
would arise during the interview. The questions were prepared and researched before the meeting took 
place so that the researchers had some knowledge within the topic so there could arise follow-up 
questions and to keep a dialog with the expert. The interviews were recorded, depending on if the 
interview was face-to-face or if it was a video/voice call those were receded differently. The video/voice 
call was recorded on the computer used and on the phone for the vocals, those recordings were done 
simultaneously as notes were taken. The face-to-face interviews were recorded with camera or mobile 
phone for vocals and here notes were also taken simultaneously. 
 
The interviews with workers the questions were not as specific as the questions prepared for the experts, 
the questions were asked in the matter where quantitative data were the aim instead of the qualitative as 
in the expert interviews. Those interviews were also planned according to IDEO strategy in which it is 
important to set the person that is getting interviewed in a comfortable situation by starting off with 
questions regarding the person such as values, habits, personal life before the questions that the 
researchers would like to have answered is presented [19]. Those interviews were, as described by R. 
Kumar, unstructured since questions and issues could raise during the interview [20]. 
 
During both types of interviews, the researchers had prepared questions that they would like to have 
answered, and the recordings were done with either vocal recording, video recording and notes [21]. 
Something that the researchers found important was to ask the person getting interviewed before 
recording because sometimes the person find it uncomfortable getting recorded. During the interviews 
the researchers also tried to use the technique called 5 whys, in which the aim is to find the root cause 
of a problem, statement or observation. This is done by asking why five times instead of settle with the 
first answer to the question [18, 19]. 

3.5.2 Observations 
 
The purpose of observations is to add data to the research, this could be information and data that could 
not be found in literature or is specific for a certain situation. The observations were conducted mostly 
during the exploratory phase of the research to gather data that could be valuable input for the research. 
According to Robson and McCartan this is a good approach to seek insight and information about what 
is going on in a situation and to explore the areas and understand the activities [17]. 
 
There were both Participant and Non-participant observations conducted during the research duration. 
The Non-participant observations were conducted at the different sites, the reason for this is that the 
researchers would like to see how the operations and the site was functioning without interfering with it 
[20]. During those observations the researchers would observe from a distance and record the activities 
happening through photos, video and notes. 
 
The participant observations were conducted in the environment of the operators at site to get a better 
understanding of their work and their environment. This observation was conducted on a test site, in 
which the researchers could operate and drive the machines. R. Kumar is describing the participant 
observation as the researchers place them self in the situation that is supposed to be observed and “live” 
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it to gather data [20]. Robson and McCartan are suggesting and arguing that working with the workers 
is the best way of conducting the participant observation, this was not possible for the researchers 
therefore the researchers jumped in to the workers shoes and “lived” through the situation of the worker 
[17]. 
The observations conducted during the research had different operation activities and environment but 
all where in the area of construction industry. The observations were conducted on commercial 
construction sites which was in both start phase of the construction and in the end phase. The researchers 
did not have allowance to enter some of those sites and therefore the observations conducted at the 
commercial construction sites were only Non-participant observations. 
 
The observation conducted on the quarry the aim was to gather data about the environment and the 
machinery used on an operational site. Also, here the observations was non-participant in which the 
researchers had the allowance to enter the site but to observe from a distance and at one point have a 
guided tour around the site with a worker that described what different machinery was used for and the 
process from the beginning to the end. During this tour the researchers also had the possibility to record 
the guided tour through photos, video and notes. 

3.5.3 Modelling/simulations 
 
During the research a fair amount of modelling was conducted, the 3D-modeling was used as visual 
prototypes but also as models that were going to be printed and sometimes used for explanation or 
testing concepts. The modelling was done either as sketches on paper but the for the 3D-models 
Autodesk Inventor was used [22]. This was used for quickly getting a better visual picture of the 
object/concept that was presented. To be able to use 3D-printers there is needed to generate a G-code 
which was generated through Cura which is a software developed as foundation for the Ultimaker 3D-
printers which was used during this research [23]. 
 
The prototypes that was built did sometimes need electrical components and programming, this was also 
modeled before putting together to not destroy any components and to easy be able to adjust the wiring 
and the code that was needed. This was done through the opensource software Thinkercad [24]. 
 
During the research simulations were conducted in the computational fluid dynamics platform for 
Autodesk Inventor named CFD [25]. These simulations was utilized to obtain analytical estimations of 
the forcing acting on the mast from wind load. The modeling and setup of the simulation along with 
convergence analysis and verifications using simple hand calculations can be seen in Appendix D. 

3.5.4 Experimental testing 
 
The concepts developed during the duration of the project were tested with functional tests against the 
discovered requirements. The researchers built prototypes which were then tested against the purpose 
of the prototype. The experiments conducted was developed to answer questions which could not be 
answered through sketches and literature but had to perform specific functions. 
 
Some of the experimental test could be answered through simulations but most of the experiments were 
performed through building prototypes and then testing the functionality. 
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3.6 Validation 
 
The validation process used by the researchers during the duration of their research was the Build-
Measure-Learn loop represented in Figure 2 developed by Ries. From the perspective of startups 
according to Ries the fundamental activity is to turn an idea in to a successful product through measure 
how customers respond, and then learn if to pivot or persevere [26]. This validation process will by 
iteration and testing generate feedback which can be both qualitative in term of what is liked, disliked, 
what worked and didn’t work with test. But also, quantitative feedback in terms of how many people 
who bought the object and did they find it valuable, the quantitative feedback was not in the scope of 
this research because the product never was implemented on market and because of the duration of the 
research. To use this approach, it is essential to try to minimize total time throughout the loop, many 
iterations will result in more learnings that can be implemented in the final product [26]. 
 

 
Figure 2: The Build-measure-learn feedback loop from Ries [26]. 

 
 
This validation approach was suitable for the researchers since during this research the researchers had 
been using an iterative process with short timeframes. This approach involved building a high number 
of prototypes. Those prototypes could either be high-level design which was built in cardboard, Lego, 
plastic and glue. But after a few iterations be of a high-resolution prototype built with wood, 3D-printed 
modules, Arduino and to be able to perform functionalities more precise to collect more data. As 
mentioned the researchers did trade-offs for the resolution of the porotype, this was based on the 
designed experiment, these trade-offs also included the reasoning between time and quality. Therefore, 
it was important to determine what type of questions that was interesting to answer with the experiment 
before building the prototypes. 
 
When the prototypes had been built the experiment/test that was design could be conducted, this could 
be a simulation, functional test or an experience test. Depending on what test/experiment that had been 
conducted the researchers collected the data and analyzed this. The learn stage of the validation is the 
last step were the process was summarized and discussed. The learnings was then included in the next 
iteration or if there were no further iterations noted in the result. 
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4 RESULTS 
In this chapter the result obtained from the interviews, observations and iterative process that has been 
performed is presented. The needs and requirements that has been identified during the process along 
with further requirements that has presented themselves during the rapid prototyping process along 
with learnings that is obtained.  

4.1 Interviews 
 

After interviews with people responsible for installation of network infrastructure in the investigated 
quarry the following needs was identified shown in tables below. The tables are structured in the 
following way, name of interviewee along with identified needs and issues. The full versions of 
interviews can be found in Appendix C: Interviews. The following tables Table 3, Table 4, Table 5, 
Table 6 and Table 7 are presenting the main takeaways from the interviews conducted. 
 
Jimmie Wiklander, Specialist, Volvo CE 
Table 3: Presenting the identified needs, description and why it is a need from interview with 
Jimmie Wiklander, Volvo CE 

Needs Description Why? 

Reduce shadowing areas at 
site 

The hauler design in terms of 
height and antenna positioning 
increase the possibility for the 
machine to lose connection. 

When this accrues the 
machine cannot receive or 
transmit information, this can 
result in collisions or other 
safety issues. 

Enable data flow at all time 

The automated machine needs 
to transfer data at all time to 

maintain direction and 
objectives that are changing. 

If a package of data can’t be 
received or transmitted by the 
hauler or the haulers path is 
not recognized and 
transmitted, the other 
machines do not know its 
positioning and objectives. 

Transfer more data 

There are trade-offs made 
because there is so much data 

flowing in the system, the 
trade-offs are between 

coverage and speed. 

Due to there is no operator in 
the hauler, the information 
that was held by the operator 
now needs to be transmitted 
from the machine which 
generates a high load on the 
system. 

Flexible system 
The access points are static 
and therefore signal paths 

becomes obstructed. 

The site is constantly changing 
but that is not the location of 
the access points. Therefore, 
there is new areas with lack of 
coverage when things move 
around and the site changes. 

Cost efficient 

There are companies 
specializing in communication. 

For automation but their 
solutions are very expensive 

The solutions are expensive 
and the site is dynamic and 
static access points needs to 
be moved. 
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Gunnar Tonnvik, CEO, Schweden Splitt AB 
Table 4: Presenting the identified issue, description and why it is a need from interview with 
Gunnar Tonnvik, Schweden Splitt AB 

Issues Description Why? 

Temperature 
The temperature is differing a 
lot in Sweden between winter 

and summer. 

The operation does not stop, 
therefore it crucial that the 
machines can operate in both 
conditions and around the 
year 

 
Magnus Berggren, Machines operator Schweden Splitt AB 
Table 5: Presenting the identified issue, description and why it is a need from interview with 
Magnus Berggren, Schweden Splitt AB 

Issues Description Why? 

Dust 

It is a dusty environment due 
to the rocks are being dropped 
and the wind is spreading the 

lose sand. 

This is crucial for the worker, 
Since the dust can hold 
harmful particles that cause 
health issues if not precautions 
are made before leaving the 
machine. Could also increase 
the maintenance for 
machinery. 
 
Minimizing the amount of time 
an operator needs to leave the 
machine is also desired. 
Currently there is high 
requirement set on the 
filtering system for the 
machinery to shield the 
operator from the harmful 
dust particles. Every time the 
operator needs to leave the 
machine close to the mining 
operation high filtering masks 
needs to be equipped.  
 
The operators also do regular 
health checks to monitor that 
their personal health is not in 
risk from accumulation of 
particles. 
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Bengt Melin, Production manager, Schweden Plitt AB 
Table 6: Presenting the identified issue, description and why it is a need from interview with 
Bengt Melin, Schweden Splitt AB 

Issues Description Why? 

Vibrations 

The machines are driving on a 
hard surface and there is track 

steering, this cause a lot of 
vibrations in the cabins of the 

machines. 

This is wearing on the 
personnel but also on the 
machines which can cause 
problems with electronics and 
other parts. 
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Magnus Nilsson, CEO, Teksys  
Table 7: Presenting the identified issue, description and why it is a need from interview with 
Magnus Nilsson, Teksys Network specialist 

Needs Description Why? 

Relocatable placement for AP The changing environment 
makes old placement redundant 

• Objects and piles on the site 
can cause obstruction of the 
AP and prevent it from 
establish connection to 
client. 

• Two of the already installed 
towers had to be removed 
due to that area was 
blasted away for production 

Access to power 

The location of current 
electrical infrastructure is a 

large factor when determining 
where the AP is placed 

• Good tools exist to 
determine where to place 
AP to obtain coverage but 
since it is costlier to draw 
power lines to the AP than 
installing the tower for the 
AP trade-offs are made. 

Maximum 200-300 meter 
between AP 

This is the maximum LOS range 
between the AP to ensure 

communication using Cisco 
3702e series (currently 

compatible with mesh site 
network) 

• Legislations of the 
maximum effect the 
antenna can transmit on 
the 2,4 GHz band 

• Can't send out more than 
21 dBi 

• Physical attenuation of the 
signal puts this requirement 
for the transmitted effect to 
be noticeable to the client 

LOS between AP, client and 
another AP 

To ensure the client can receive 
transmission LOS is a benefit. 
This also apply to the AP and 

the unit it need to transmit the 
data from the client to. 

• The throw angle from the 
AP antenna is 30 degrees in 
the horizontal plane using 
omnidirectional antennas. 
The higher up it is placed 
the larger the shadow zone 
under the AP becomes, 
Another AP then need to 
cover this zone demanding 
more AP at site. 

• If it is to low the risk of 
obstruction increases that 
can cause attenuation of 
the signal. 

• If the AP can't transmit its 
data further its purpose is 
lost, then communication 
needs to go through 
another AP in the mesh-
network. 
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4.2 Observations 
 
The observations for this research was conducted at Schweden Splitt AB, this is an active quarry. The 
observations presented in this research was done from a car while the researchers were given a guided 
tour around the site. The observations presented in Table 8 is a summary of the most useful observations 
conducted during the duration of the tour. These observations were a part of the foundation requirements 
that the final solution had to fulfill. 
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Table 8: Presenting the observations, descriptions and takeaways from the visit at Schweden 
Splitt AB 

Observation Description Takeaways 

 

Main crusher at Schweden Split 
along with storage piles and 
road conditions at the operating 

area. 

There exist potholes and 
somewhat uneven terrain 
caused by machine tracks 
operating at the site. When 
these freezes at winter it can 
cause vibrations for equipment 
moving over them 

 

Showing the mobile crusher 
that gets loaded by an 
excavator. Wheel loader 

transporting material away. The 
area around this machinery is 
very dusty and un-even due to 
the large traffic around this 
equipment and dropped 
material on the ground when 
transporting away. All the 
machinery is covered in dust 

If the unit is to be placed in this 
environment it must withstand 
the large amount of dust 
generated from the crushing 
operation. 

 

To the left the loading area for 
the secondary crusher and to 
the right the conveyer belt 
leading up to the crusher. The 
ground in the foreground is 
covered with small sharp rocks 

and uneven surfaces 

The unit would need to reduce 
vibrations of components 
driving over this type of surface, 
also if to be deployed a leveling 
system could be beneficial. 

Type of under carriages used 

The more stationary equipment 
e.g. excavator/mobile crusher 
utilize tracks for under carriage 
versus the more mobile 

equipment that travel further 
distance on site e.g. wheel 
loader/ car / dump-trucks that 
utilize wheels for under carriage 

at the site 

Guide for choosing tracks or 

wheels. Since the maintenance 

of ground has impact on the 

cost and maintenance of 

equipment transporting 

material due to their rigid 

frames and suspension the 

roads for transportation is 

estimated to be of good quality. 

The usage of tracks is therefore 

introducing higher cost to the 

little added value it would bring, 

Since the platform is not 

estimated to climb the piles but 

rather be placed in close vicinity 

to the area of operation a 

choice of wheels is made 

according to the decision 

rationale in Appendix A, 25￼ 
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4.3 System overview 
 

The system changed during the duration of the project through obtained learnings, the system changes 
can be seen in Figure 3 below. The black arrows are representing the process where the blue boxes 
depict the evolution of the overall solution that was investigated. The orange arrows represent the 
decisions that were made, the green boxes are the topics of what the researchers had to investigate. The 
grey boxes are containing the rationale behind the decisions. The full documentation of the decisions 
can be found in Appendix A: Decision-making. 
 

 
Figure 3: Research decision making map. Visualizing the journey of the research. 
 
The first concept was a drone-based concept with the AP attached to the drone, which would navigate 
to the position it was needed. The characteristics of the drone and its dependency of the environment 
were some of the reasons why the researchers did not proceed with his concept, the full documentation 
can be seen in Table 22 in Appendix A: Decision-making. 
 
The outcome of the first iteration led to a ground-based solution, the autonomous ground vehicle was 
first studied from a design point of view and later divided in to sub-systems, where requirements was 
identified. The sub-systems developed are described in the chapters below. 
 
To go from an autonomous vehicle to a trailer was both questioned but also more realistic when 
talking to stakeholders. The cost to have multiple autonomous units with all the technology needed is 
more expensive than having them being transported around the site with the help of another unit. The 
rationale and full documentation behind this decision is presented in Appendix A: Decision-making, 
Table 23. 
 
The final system is a platform, with a fixed mast and attachment, and to gain good coverage and 
stability there is an integrated stabilization system which levels the AP and support the wheels from 
the load providing stabilization for the system. The sub-systems and the concepts investigated is 
described in the chapters below. 

4.4 Mast 
 
The result of the sub-system Mast is divided in two categories because of the different requirements 
those must fulfill. The Functionality chapter is summarizing the different iterations of the result of how 
the access point is elevated or placed at the identified required height. The Functionality topic does not 
take in concern how the solution is mounted on the platform; this is explained in the following topic 
Attachment.  
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The following functional requirements is set for the mast system component. 
 
Table 9: Mast requirements 

Requirement Metric Rationale 
Mast 

Provide platform for AP and 
cables 

Hold a load of one antenna 
weighing 0.7 kg [27] and four 

antenna cables [28]. Minimum 
height of the AP from ground 

is 3 meters. 

The mast must provide a 
platform for the AP otherwise 
it’s functionality is lost. Placing 

it on a height of minimum 3 
meters ensure that the AP is 
not blocked by haulers while 
also being in the approximate 

height of the client per 
recommendation from 

manufacturer. 

Withstand wind load Tolerate wind speeds up to 33 
m/s 

This wind-speed is classed as 
hurricane winds and the mast 

should withstand this wind 
load 

Withstand outdoor placement 
in quarry environment 

Tolerate temperature from -
30° to 60°C as well to be 

resistant to corrosion. It should 
also withstand dust 

Since it is placed in a quarry it 
must withstand direct sunlight, 

rain and the shifting 
temperatures along with the 

dusty environment. 

Length of antenna cables 
The total length of antenna 
cables must not exceed 6.6 

meters 

The length of the antenna 
cable affects the dB loss of the 
signal. The cables loss is 18.1 

dB for every 30 meters for the 
low loss cable used [28], Using 

6 dBi antennas the cables 
should not exceed 6.6 meter. 
Currently 3 meters cables are 

used acceptable loosing 1.8 dB 

No power cables close to 
antenna cables 

The power cables should not 
be drawn beside the antenna 

cables. 

Parallel currents close to the 
antenna cables cause issues 

with signal quality [29] 

Lightweight 
Utilizing a material that 

provide sufficient strength 
while being lightweight 

By having a light weight mast, 
the center of gravity for the 

complete system gets lowered 
down reducing the risk of the 
platform toppling over from 

wind loading 

No human physical interaction 
for deployment 

No human should physically 
have to interact with the mast 

for deployment  

For having autonomous 
deployment of the system no 

human should have to interact 
physically with the mast, 

however transmitting orders is 
acceptable as well making 

maintenance when the unit is 
not in operation. 
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4.4.1 Functionality 
 
Mast first iteration 
 
The result from the first iteration which can be seen in Figure 4 is one of the two concepts chosen to 
proceed with from the Pugh matrix conducted for the mast functionality, which can be seen in Appendix 
B: Decision-making, Figure 31. This concept is a telescopic mast with two parts; the top part is the one 
that will be elevated to desired height by a motor that turn the screw that is placed in the middle of the 
mast, on top of the elevated part is where the AP will be mounted. The top part is attached to the internal 
sliding sleeve that will slide against the lower pipe when the actuator is operating. This is enabled by 
the nut that is attached to the sleeve which also turn this concept into a dual acting concept. To disable 
the top part from turning there is a steering rod that will be attached to the lower sleeve and slide through 
the hole in the internal sleeve. 
 

 
Figure 4: First iteration of mast functionality 

 
The learnings that was taken from this iteration can be seen in Table 10 which the different learnings 
are described dependent on the components. 
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Table 10: Learnings from first iteration of mast functionality 
Component Learnings 

Sleeve between top and lower 
pipe 

• Need of good clearance between sleeve and top pipe for 
good sliding ability. 

• 20mm wall height gives good abutment with lower pipe. 

Lower sleeve 
• Cavity for steering rod cannot be too close to the hole for 

the screw, there is a need of a bearing there. 
• Higher walls to get a better abutment to the lower pipe. 

Sliding sleeve • Better clearance for the steering rod 
• The fillet on the corners ease the assembly. 

Screw 

• The screw need higher pitch to increase the speed for 
postpone the top pipe. 

• Use something like a trapezoidal screw. Instead of fine 
threaded rod. 

General 

• High number of sliding surfaces which increase the 
possibility of wedge 

• Slow deployment 
• Low center of gravity when contracted 
• Sensitive to dust 
• There is no space for cables inside of the mast. 
• High distance that needs to be telescoped. 
• The double acting system decrease the possibility of 

incomplete contraction. 
 
This concept was further developed and can be seen in Figure 6: Third iteration of mast , this due to the 
exposure of the screw which in this concept is not covered from environmental strains that can enter the 
lower pipe through the sleeve between the top and lower parts of the telescopic mast. 
 
Mast second iteration 
 
The second iteration can be seen in Figure 5 were as the first iteration of the mast Functionality a concept 
chosen to be developed after the conducted Pugh matrix which can be seen in Appendix B: Decision-
making, Figure 31. This concept is a telescopic mast which will be elevated by wires attached to the 
internal sleeve. The internal sleeve will be elevated by the two wires being pulled down and by the help 
of the internal sleeve being attached to the top part of the telescopic mast then will elevate the access 
point to desired height. 
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Figure 5: Second iteration of mast functionality 
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The learnings that was given throughout this iteration from the concepts components can be seen in 
Table 11 below. 
 
Table 11: Learnings from second iteration of mast functionality 

Components Learnings 

Sleeve between top and 
lower pipe 

• Great abutment surface between the lower pipe and the 
sleeve. 

• Need of better clearance between sleeve and top pipe. 
• Good abutment surface between top pipe and sleeve which 

gives a stable top pipe. 
• Cavities for wires should have fillets on top to decrease the 

wear on cables. 
• The cavities for leading the wire need to be sealed to 

prevent water and dust to enter the inner workings. 
• The pulleys decrease the amount of force needed to elevate 

the top pipe. 

Internal mid sleeve 

• Good abutment between the sleeve and the lower pipe. 
• Need for better wires attachment to not let the sleeve 

wedge and wires continue to lower inside of lower pipe. 
• With a high abutment there is a need for precis clearance to 

have good sliding characteristics. 

General 

• The top pipe wedge and get stuck due to the concept is 
single acting 

• Rapid telescoping of top pipe 
• Simple system 
• Sensitive to dust and water 
• Low center of gravity when contracted. 
• The cables can be placed on the inside of the mast, but there 

is then a need for a collector in the bottom where the mast 
is mounted. 

• High distance that needs to be telescoped. 
 
The reason to not proceed with this concept and direction is mainly because the telescopic mast is single 
acting, this will increase the possibilities malfunctioning if top part of the telescopic mast gets stuck 
because of the abutment surface and the tight tolerances of the internal sleeve. The tight tolerances make 
this concept hardly affected by dust and other environmental strains, therefore one of the takeaways 
from this concept is to seal cavities that allows dust and other particles to enter the inner workings. 
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Mast third iteration 
 
In Figure 6 the third iteration can be seen; this concept is a further development of the first concept as 
mentioned before. The differences and improvements that was made is that the steering hole is removed 
and replaced by cavity in the internal sleeve to hold the outer steering rod and a design feature on the 
bottom sleeve that with the help of interference fit hold the inner steering rod in place. The sleeve 
between the top and bottom parts to guide the top part of the telescopic mast is the same used in the first 
iteration. 
 

 
Figure 6: Third iteration of mast functionality 

 
The findings for this iteration is presented in Table 12. 
 
Table 12: Learnings from third iteration of mast functionality 

Components Learnings 
Sleeve between top and 

lower pipe 
• Used same sleeve as first iteration. Learnings can be seen in 

Table 11. 

Internal mid sleeve 

• Higher abutment surface than the first iteration which 
added stability to the top pipe. 

• Need for a cavity on the bottom part to reduce the strains 
on the top nut and to reduce the chances of sleeve drop of. 

Steering 

• Need of interference fit between steering rods and the 
sleeves. 

• Need of great sliding characteristics between the sliding 
rods because of the high abutment surface. 

• Tight tolerances on the rods 
• Protects the screw from environmental strains. 
• Having the top rod on the outside decrease the possibility 

of unwanted collections of environmental strains. 

General 

• Slow elevation of top pipe. 
• Less affected by environmental conditions than the first 

iterations concept, Figure 4 . 
• High distance which needs to be telescoped. 
• No space for the cables inside of the mast. 
• The double acting system decrease the possibility of 

incomplete contraction. Which is a requirement for having 
no human interaction with the mast. 

 
The result of the third iteration was as mentioned a development of the first iteration and was also an 
improvement, the new design of steering had the added value of covering the screw. The screw was 
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not a trapezoidal screw in this concept either because there were none readily available during the 
short iteration and there was no need of integrating the specific screw for testing the prototype before 
the decision of were to pivot was done. This because the researchers knew from experimenting with an 
adjustable motorized table that the elevation would increase if the same rotational speed was used due 
to its higher pitch. The rationale behind the decision to not proceed with this concept either was 
because of the still hard impacts of environmental strains that could cause malfunctions, to reduce the 
impact and possibility of malfunction, a seal could be developed to be implemented between the 
access point at the top of the telescopic mast and the sleeve between the two parts.  Before the 
researcher continued developing the mast functionalities they decided to go back to the needs and the 
information that was provided from the interviews and observations. From this the conclusion was 
drawn that the stakeholders would rather have a simple functioning product than a good looking with 
“cool” features, the researchers looked at the previous results and could see that having a telescopic 
mast might add unnecessary complexity to the solution which is not asked for. 
 
Mast fourth iteration 
 
In Figure 7 the fourth iteration is presented; this solution is based on the technique used at train 
stations where roads are crossing the railway. The mast is at deployed state at the identified required 
height and when folded at the same height as the top surface of the energy source. This concept will as 
earlier mentioned decrease the stress on the mast during transportation and lower the center of gravity 
when contracted. 
 
The mechanism in the pivot point will generate the torque needed to elevate the mast to the standing 
position, and by doing it with a solid mast the cables can run inside or outside of the mast with the 
electric cabinet on the lower part of the mast, working as a counter weight at the same time. This 
solution will not be as high affected by environmental strains due to the sealed and enclosed housing 
of the mechanism which contains the moving components. By using counterweight, the concept will 
be more energy efficient which will increase the uptime of the system before need of 
recharging/fueling. This was not the final solution and the learnings from this iteration can be seen in 
Table 13. 
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Figure 7: Fourth iteration of mast functionality 
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Below the mechanism is presented where two gears can be seen, the gear in the bottom left corner is 
attached to a shaft which will rotate by the torque of the step motor. This will by a teethed belt transfer 
the torque to the gear mounted on the shaft of the mast. By adding the counterweight as mentioned 
before on the bottom end of the mast, therefore a high amount of torque is not needed to fold or deploy 
the mast. 
 

 
Figure 8: Fourth iteration of mast functionality visualizing the mechanism for folding the 
mast 
 
Table 13: Learnings from fourth iteration of mast functionality 

Components Learnings 

Mount 

• The mounting needs stay fixed to become stable. 
• The height of the mount and the pivot point is crucial to keep 

the center of gravity low. And will require a wider supporting 
platform preventing it from tippling over. 

 Mast • The fixed mast eases the cable management. 

Mechanism 

• Increased resistance to environmental constrains because of 
the enclosed housing. 

• Need of counterweight on the lower part of the mast to 
decrease the energy consumption and torque needed to fold 
the mast. 

General 
• Less complex system than previous iterations. 
• Low number of moving parts and sliding surfaces. 
• Double acting system 

 
The researchers made the decision to do another iteration after the fourth concept developed, the 
rationale behind this decision was that concept four was less complex than the previous concepts but 
the question that arose were “does it really need to be elevated?”. The researchers conducted a fifth 
iteration of concept and then conducted an experiment to test their concept in a similar environment as 
it was supposed to be used which can be seen in Appendix C: Experiment. Based on the experiment 
conducted and the estimations of wind loading made the result was providing evidence of that there 
were no need to be contracted. 
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Mast fifth iteration 
 
The fifth and final iteration is a 2700x60x3 mm aluminum pipe that when mounted on the platform 
will be positioning the access point on the 3000mm height as identified as required. This concept is 
simple and will sustain the environmental strains and the forces acting on it. The calculations of the 
forcing on the support the wind load acting on the mast and mounted antenna is estimated both by 
simulation and calculation shown in Appendix D. 
 
Table 14: Learnings from fifth and final iteration of mast functionality 

Components Learnings 

Mast 

• There is no real need of contracting the mast. And it fulfills 
the requirements set on the mast 

• Less complex system. 
• Lower possibility of malfunction due to no moving 

components or sliding surfaces. 

General 

• No actuators needed which includes no energy consumption. 
• No need for actuators reduce the cost of the manufacturing 
• Can withstand the stress from both wind and transportation. 
• There is a need for a robust attachment to the platform. 

 
The final concept will as mentioned withstand the forces and environmental strains it will encounter in 
the environment it is supposed to operate in. This concept on the other hand is relying on a robust 
attachment that gives the mast stability and pressure relief, this attachments iterations and 
development is presented in next chapter Attachment. 

4.4.2 Attachment 
 
The mast is going to be mounted on to the platform and is therefore in crucial need of a robust and stable 
mounting attachment. The requirements for the attachment can be seen in 15￼ below. 
 
Table 15: Requirements for mast Attachment. 

Requirement Metric Rationale 
Attachment 

Securely fastened mast to 
attachment Withstand load from mast 

The attachment should not 
malfunction when there is 
loads applied on the mast 

which will be transferred to 
the attachment. 

Securely fastened to platform Withstand the transferred load 
from mast and attachment. 

The attachment and mast must 
not come loose during loads. 

 
Attachment first iteration 
 
In Figure 9 the first iterations components are presented, while in Figure 10 the final assembly is 
presented. The mounting plate have a large contact area of 98840 mm² to spread out the force generated 
by the mast when transporting but also to generate a stable platform with wide bolting patterns. 
The rectangular holes in the platform is working as guidance for the folded attachment to ease the 
assembly and to make sure that the angles are 90 degrees when the attachment part is resting on the plate 
before weldment. The height of the attachment is set to 300mm to ensure a second clamp besides the 
one in the bottom to reduce the stress on the attachment from the torque generated from by the mast. 
The material thickness is being set to be 4mm, and the material chosen is aluminum to have the same 
material of the attachment as the mast itself to prevent corrosion. 
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Figure 9: Parts of first iteration of mast attachment 

 
In Figure 10 below the assembled attachment is visualized were also the weldment can be seen between 
the attachment part and the mounting plate. 
 

 
Figure 10: Assembly of first iteration of mast attachment 
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In Table 16 the learnings from this iteration is presented. 
 
Table 16: Learnings from first iteration of mast Attachment 

Components Learnings 

Mounting plate 

• Providing a modular way of attaching it 
to the platform for mounting. 

• Easy to manufacture 
• Would require two methods, both 

stamping and welding 

Attachment 

• Easy fixating of pole using clamps 
• Could be manufactured from sheet 

metal and conventional manufacturing 
methods.  

• Hard to estimate if the structure could 
withstand the dynamic loading of the 
fixed pole without manufacturing of the 
attachment 

General 
• The usage of clamps for mounting the 

pole was promising and carried on to the 
next iteration. 

 
Although easy to manufacture when presented to the stakeholder the look of its shape did not give a 
robust appearance and concerns around its structural soundness was raised. Spending time for 
developing a highly sophisticated model of simulating the loading on the structure would either way 
require physical testing for validating that it would hold when driven around on site. And due to the high 
cost of manufacturing a physical prototype for testing a decision was made to pursue another solution 
with the learnings obtained from this iteration. 
 
Attachment second iteration 
 
The second iteration resulted in a mast attachment with integrated space for the energy source to provide 
stability, the frame design for the energy source is 750x550mm to fit the energy source and is built of 
L-beams to support the energy source and at the same time provide a suitable surface to bolt the unit to 
the platform. 
 
The beams in the front is to provide suitable height to where the mast is going to be attached and is built 
of VKR-beams with 60x40x3mm to provide robustness and stability. The mounting plate for the mast 
is not visual in Figure 11 because the researchers had not set the dimensions for the mounting plate 
before proceeding to next iteration which is presented in Figure 12. The learnings from this concept can 
be found in Table 17. 
 



 

36 

 
Figure 11: Assembly of the second iteration of mast Attachment 
 
Table 17: Learnings from second iteration of mast Attachment 

Components Learnings 

Frame 

• The idea is to bolt this structure onto the 
floor of the platform. The L profiles 
provide a frame in which the energy 
pack can be stored and fixed in place.  

• The added frame for the energy source 
will increase the stability of the frame 
due to higher contact area with wider 
contact points. 

• However, if the platform is not covered 
there will be need of drainage in the 
floor or from the frame. 

General 

• The frame for the energy source will 
collect dust, water and other particles 
which can generate problems in terms of 
corrosion or stresses if water is frozen. 

• The structure has higher amount of 
material consumption than the first 
iteration which will add weight to the 
system. 

• Easy manufacturing when using 
standard beams. 

• Over dimensioned for its purpose 
• Will make the process of covering the 

trailer harder since the mast attachment 
is connected to the mounting platform 
of the energy unit. 

 
The frame to merge the mounting of the energy pack and mounting the mast would probably present 
more problems than solving. The possibility of building stocks of dust or water will increase the 
possibility of corrosion and this structure would also add more weight to the system. Those factors led 
the researchers to conduct another iteration based on this concept to improve the concept. 
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Attachment third iteration 
 
In Figure 12 the third concept is presented, the frame that can be seen there is a symbolic structure of 
the platform. The rectangular beams will be welded directly on the platform to ensure stability and 
robustness. The beam in the front, where the mast is attached, have the dimensions 50x50x3mm and 
the stabilization beams are 30x30x3mm. The mast will be resting on a plate in the bottom of the 
attachment and with a fast tension brace on the top of the beam be held in place. This will ease the 
assembly of the mast and reduce the time of disassemble if needed. 
 

 
Figure 12: Assembly of third and final mast Attachment iteration 
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In Figure 13 below the first prototype constructed for the final attachment is presented, the prototype 
was built out of wood to simplify the construction and easy the adjustments that had to be made. This 
prototype helped the researchers to see how the “final product” would look mounted on the trailer. The 
trailer in this figure is the trailer that will be used during prototyping and is a mass production trailer 
bought and assembled. 
 

 
Figure 13: Final iteration attachment first prototype 

 
In Figure 14 and Figure 15 below the final prototype is presented, both with and without support 
beams. The support beams are mounted on the attachment if the trailer used does not have a flange in 
the front where the attachment can be mounted, or if the flange is too weak to support the attachment 
and mast. To this prototype a rubber support for the mast is attached in the support cup, this is to 
remove the possibility of corrosion by mixing aluminum and steel together in the construction. The 
clamp has been supplied with a rubber protection as well for the same reason. The beam mounting for 
the attachment is modular, the rationale behind this decision is because there might not be a flange to 
attach it to on the trailer used in the future and because the height of this flange might differ from 
trailer to trailer. Therefore, the assembly of this beam mount is modular and can therefore be attached 
to any trailer which is equipped with a supporting flange. 



 

39 

The mounting for the support beams are also modular, the rationale for this is that the distance 
between the mast attachment and the beams on the sides might differ and if the trailer used is equipped 
with the support flange the support beams might not be used. 
 
The rubber mast support is implemented to ensure a fast and simple mounting of the mast and 
assembly of the system, with this support the mast can easily be placed in the support for a horizontal 
and vertical positioning before tightening the clamp. The mast will be resting in the support cup which 
ease the process for the person assembling the system while also providing the functionality of not 
being fixed mounted in both ends. 
 
In Table 18 the learnings from the final iteration of the mast attachment is presented. 
 

 
Figure 14: Final iteration of mast attachment, presentation of final prototype without the 
support beams, modular flange mounted attached 
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Figure 15: Final iteration of mast attachment, presentation of the mast attachment with 
supporting beams mounted 
 
Table 18: Learnings from third and final iteration of mast Attachment 

Components Learnings 

Mounting 

•  Usage of standard beams reduce cost of 
manufacturing. 

• Give a more robust appearance 
appreciated by the stakeholders 

• Usage of side beams increase strength 
and stability. 

• Over-dimensioned but not a concern 
since robustness is more valued than 
looks. 

Attachment 

• The lower pipe for mounting ensures 
stability for the pipe and alleviates some 
of the stresses otherwise loaded on the 
upper mount.  

• The upper attachment allows rapid 
fastening of the mast and can be a 
benefit if the mast is to be disassembled 
from the platform. 

General 

• The surfaces between the mast made of 
aluminum and the attachment need 
coating or material preventing galvanic 
processes from occurring. 

• The faces between the attachment and 
the mounting plate could have rubber 
between them to decrease vibrations 
from platform to mast. 

• The modularity of the attachment 
provides simple management and 
assembly of the attachment. This also 
ease the maintenance if there is 
something that needs to be replaced or 
repaired. 
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4.5 Platform 
 

The functional requirement for the platform is providing room for mounting the energy pack providing 
the access point with continuous power of 30W as well support the load of the energy pack, Figure 16 
is illustrating the fuel cell with dimension 750x550x610 mm weighing 100 kg. In Table 19 the 
requirements for the platform is listed with metrics and the rationale behind the requirements. 
 

 
Figure 16: Energy unit that is currently in use for powering the access point being a 12 V 

system driven by a fuel cell generating 100W of power. 
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Table 19: Platform requirements 
Requirement Metric Rationale 

Platform 

Provide surface to mount 
system components 

Minimum the same area as the 
components mounting areas 

added together. 

The components must be able 
to fit on the platform 

Withstand load from the mass 
of components Total weight of components  

The platform should not 
malfunction when the 

components are mounted on 
the platform 

Provide surface to mount 
suspension for wheels Suspension dimensions 

Beams must have the 
dimensions to provide 
mounting surface for 

suspension. 

Withstand load from mast and 
attachment Load from mast 

The platform must withstand 
the maximum load from the 

mast and attachment without 
malfunctioning 

Withstand load from 
stabilization equipment when 

stabilized 
Load from stabilizing system 

When stabilized, there is loads 
were the stabilization 

components are mounted to 
the platform, those must not 

affect the platforms 
characteristics 

Provide possibility to attach to 
vehicle for relocation Vehicle attachment 

The platform is mobile and 
therefore needs to be able to 

attach to vehicles for 
transportation. 

No human physical interaction 

When relocating the system, 
the worker should not leave 
the vehicle to activate the 

system. 

It’s a dangerous environment 
and the worker is safer in the 

vehicle than outside both from 
machinery but also 

environmental strains. 
 
The general design of the platform is based on existing trailers, the concept is however designed for the 
specific purpose of providing an efficient and suitable surface to mount the systems components on. The 
platform itself has the dimensions 1250x800mm for the rectangular shape as is the platforms base, the 
front end where the attachment is going to be mounted have the length of 600mm. The beams used is 
VKR-beams with dimensions 100x50x4 for the outer frame and the front beam, the two beams in the 
middle which are adding stabilization and mounting surface is 50x30x2,5mm VKR-beams. This 
platform is going to withhold a 150kg load while transported in a harsh environment with potholes. 
Therefore, the suspension for this platform is recommended to be a rubber based torsional axle or to 
have a smoother transportation a more flexible suspension system. The components that is mounted will 
not malfunction or be harmed by vibrations, but in the long-term, vibrations are not something that is 
wanted in this scenario. 
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The platform will be approximately 400mm above ground, this to reduce the height needed for the mast 
but also to ensure that the trailer will not get stuck on rocks or other debris that might occur on the site. 
The platform is still rather low to the ground to keep a low center of gravity which is needed because of 
the short width of the platform, the short distances between the wheels will increase the possibility of 
tipping over if the center of gravity is raised.  

 
Figure 17: Model of the platform 
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4.6 Support and Leveling of platform 
 

The result from the system providing stabilization and leveling of the system is divided into two 
categories. First section describes the functional requirements for the system providing stabilization 
along with the functional requirements for leveling of the system. Next the resulting algorithm for the 
system is described along with prototypes and key learnings from each iteration. Through functional 
testing on each iteration following requirements was discovered on the platform 
 
Table 20 Stabilization requirements 

Requirement Metric Rationale 
Stabilization 

Support mass of system Manage to lift a minimum of 
300 kg 

The trailer along with mast and 
attachment has a weight of 
120 kg. The current energy 
unit has a weight of 100 kg. 
Adding a margin of safety. 

Withstand quarry environment IP65- classed Requirement set by 
stakeholder 

Support mass over a period of 
time Tolerate load for up to 3 weeks 

The system can be deployed 
for a period of time up to three 
weeks until it needs relocation 

due to production changing 
location on site, it should 

therefore be able to support 
the system for this time. 

 
Table 21:Requirement for the leveling of the system 

Requirement Metric Rationale 
Leveling 

Horizontal leveling of the 
platform 

Level the system to angles 
towards a horizontal plane 

between ±0.5° 

The mast supporting the 
antenna is mounted level to 

the platform, Utilizing a 
omnidirectional antenna it is 

important to keep the antenna 
perpendicular towards the 

horizontal plane, not affecting 
the expected throw angle from 

the antenna, causing a 
different signal propagation 
than expected and reduced 

coverage area. This 
information is obtained after 

interviews [29] and deemed as 
an acceptable offset towards a 

horizontal plane for the 
antenna  

Handle offset from horizontal 
plane 

Manage to level the system 
from an offset angle towards a 

horizontal plane of ±6°  

Requirement set by the 
researcher for the first 

prototype that is dependent 
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on the stroke length of the 
components used for 
stabilizing the system. 

Receive and transmit data 

Send and receive 
communication for initiating 

the leveling sequence and 
transmit information if leveling 
is not possible and relocation is 

necessary 

Since no human shall not need 
to interact with the system for 

making it level, the system 
needs to retrieve orders on 
when to initiate the leveling 
sequence or communicate 

when leveling is not possible 
 
The choice of system to both stabilize and level the platform is a four-point system with linear actuators 
placed at each corner of the trailer. The benefit of utilizing four points for stabilization is that the system 
become more symmetrical, and thus less sensitive to wind load from different directions at the cost of 
adding an extra linear actuator and attachment.  
 

 
Figure 18: Illustration of three-point system and four-point system along with tipping lines 

going from each stabilization point. Arrow indicating front direction of trailer 
 
Utilizing a four-point system will thus increase the stability for the system due to this symmetry while 
also distributing the load from the system to four units instead of three when the wheels is free from 
the ground.  
 
To define a plane three points is necessary mathematically which introduce the concern for the four-
point system that one of the legs could theoretically and practically be free from load, hanging in the 
air, while the system is level. But this issue is alleviated by utilizing a sensor for determining that all 
legs have made contact with the ground. This is done by measuring the current feed to the actuators. 
Unloaded the actuators draw a current of 1.7 A measured with a Multimeter and once they come under 
load this current increase. This give stable method of determining when the legs have made contact 
with the surface. Alternatively strain gauges can be mounted on the fastening of the supporting legs 
but the rationale for not utilizing this method is that this would require a sensitive circuit and 
installation of strain gauges, when components already installed on the system could be utilized for the 
same effect. This since there is no interest in determining the actual load on the supporting legs, just 
that they have come under load. Therefore, it is recommended to utilize current sensors for this 
determination. 
 
Since the most critical load on the system comes from wind load when the system is deployed a four-
point stabilization and leveling system is recommended.  
 
First iteration of stabilizing and leveling 
 
The first iteration of test platform developed for the leveling system, Figure 19, consist of a simple 
plate of wood. At the center a MPU 6050 6-axis motion tracking device is mounted that combines a 3-
axis gyroscope, 3 axis accelerometer and digital motion processor commonly used for motion tracking 
devices [30]. The microcontroller is Arduino UNO along with an 8- channel relay board connected to 
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four DC engines driven by a power generator capable of delivering the required current and voltage to 
the circuit. The test rig setup is shown in Figure 19.  
 
The relay board is utilized for changing the direction of the actuators to simulate extending and 
retracting the supporting legs. The test rig gave fast visual feedback and troubleshooting capabilities 
when developing the algorithm for leveling the system making it easy to run rapid testing and through 
trial and error progress in development. The first Iteration gave the researcher insights that the MPU 
6050 provided stable angle readings after calibration towards a horizontal plane, giving the system 
capabilities to determine its alignment towards a horizontal plane in a stable manor. It also gave visual 
feedback of the activation of different actuators for verification that the developed algorithm for 
leveling the platform performed in the manor the researcher intended. The insights carried on to the 
second iteration of the leveling system shown in Figure 21 

 
Figure 19: First iteration and prototype of stabilization system test rig 
 
Second iteration of stabilizing and leveling 
 
The second iteration of the stabilization and leveling prototype consist of four linear actuators with a 
stroke length of 300 mm that is IP65 rated capable of lifting 150 kg each to fulfill the requirement set 
on stabilization.  
 
The four linear actuators each requiring 12 V and 55W, since the current power source is a 12 V 
system, is mounted on a pallet simulating the footprint of the trailer utilizing the same circuit and 
components as the first prototype with difference of adding a power source capable of delivering the 
desired power of 55 W to the linear actuators and circuit simulating the system being powered in the 
field from the available power source.  
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Figure 20: Second iteration of stabilization system test rig visualizing electronics used to utilize 
the same components as the first test rig except an upgraded power source. 
 

 
Figure 21: Second iteration of stabilization system test rig overview 
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The algorithm developed for leveling after iterations on the second prototype is conducted according to 
the flow chart in Figure 22 

 
Figure 22 Flow chart describing the leveling procedure. After the calibration of the MPU 

6050 continuous angle readings are performed until leveling is complete 
 
The microcontroller makes continuous readings for wireless commands from the unit responsible for 
relocating the system. The IMU calibrates against gravity and thus give the system capabilities of 
determining it’s offset from a horizontal plane. Once the system has become level there is no need of 
continuous adjustment or readings from the MPU 6050. This removes the issue with drift that the gyro 
experience which increase the risk of damaging the actuators and causing early maintenance due to 
being in constant operation. Instead a recalibration of the Gyro is performed at an interval every 10 
minutes and if the angle readings falls outside acceptable offset the platform is adjusted accordingly. 
 
The system then continuous read the wireless channel for orders that relocation is desired. Once this 
order is obtained the system retracts the supporting legs fully allowing relocation of the system to the 
new desired location allowing the system to have an autonomous deployment and redeployment. 
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4.7 Final prototype 
 
In this section illustrations of the final prototype assembled is presented along with the resulting 
components through the different iterations. The electronic components installed on to the final 
prototype are the same as mentioned in the support and leveling chapter. 
 
In Figure 23 below the components of the system is presented. Those are mounted on the trailer to 
assemble the final prototype which can be seen in Figure 28 
 

 
Figure 23 Illustrations of final prototype components 
 

1. Linear actuator 
2. Side support brackets 
3. Mast attachment 
4. Upper fastener for mast attachment 
5. Mast rubber support 
6. Clamp 
7. Energy source fixture 
8. Trailer 
9. Side support rods 
10. Mast 

Utilization of current sensors for determining when the legs are in contact with the ground is 
functional. After conducted test a suitable threshold for cutting of  
Current to the actuators are set to 3.8 A. This give the legs ability to obtain load, indicated by the 
raising of the current for the different motors in Figure 24. Once the threshold is passed the current is 
cut off to the motor by switching the relay board indicated by the certain drop in Figure 24. 
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Figure 24: Illustrating measured current from the current sensors for the time period when 
actuators are extended to the ground before leveling starts at 25 seconds. The threshold for 
cutting of power to the actuators are set to 3.8 A.  Increase in current indicate that load is 
applied to the leg. 
 
Field testing performed on the platform show the ability of the platform to level the system within an 
offset angle towards a horizontal plane of ±1 degrees in both pitch and roll direction illustrated in 
Figure 25 on uneven terrain shown in Figure 26. The illustrations and data measures are from the same 
field test conducted 
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Figure 25: Measured angle from the MPU 6050 during field test. 𝜃𝜃𝑥𝑥 is angle indicating pitch 
angle of platform in direction of travel, 𝜃𝜃𝑦𝑦 is roll angle. The first 14 second is extension of 
supporting legs and leveling starts at 25 seconds.. 
 

 
Figure 26: Platform deployed in field before initializing leveling on rough terrain. 
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Figure 27: Platform when leveling sequence is complete, angle readings shown in Figure 24 
 
In Figure 28 the final prototype is assembled and stabilized. The AP and energy source is not attached 
and placed on the prototype because the researchers had no access to those components more than at 
the Volvo CE visit in Eskilstuna but components used are dimensioned for handling the added weight 
of these components. 
 

 
Figure 28 Final prototype assembled 
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Prototype cost 
 
The developed prototype holds the following cost for components utilized. excluding hours spent on 
manufacturing and assembling the components on the final prototype. 
 

• Linear actuators:   6400:- 
• Trailer:   5290:- 
• Steel material:   1500:- 
• Arduino mega 2560:  500:- 
• MPU 6050:   70:- 
• Current sensor ACS 714: 400:- 
• Fasteners and dampers: 450:- 
• Electrical wires and circuit: 300:- 
• Aluminium tube:  900:- 

 
The total cost of this prototype reached 15810 SEK where all the components where bought of shelf or 
self-manufactured, a purchase of bulk in material or directly from the supplier could reduce this price.  
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5 ANALYSIS AND DISCUSSION 

5.1 Methodological discussion 
 

The methodology for this research was suitable in the terms of being able to get both the academically 
depth at the same time as the researcher involved development. The MSPI innovation process gave the 
right tools and strategy to improve the existing situation and to develop a high-level design. Both the 
DRM and the MSPI is mentioning that there will be iterations which made it possible to use both the 
methods, this would not be suitable if either the DRM or the MSPI where to be a gate process [13, 11]. 
As mentioned, the DRM was the overview methodology which helped a lot during the start of the 
research to specify the research area but also to identify which sub-topics that had to be explored. The 
iterative approach on this research and the allowance for this through the DRM and MSPI helped to 
ensure a development process that didn’t get stuck because of already set parameters in previous 
stages. 
 
Due to the iterative process a map of the journey which can be seen in Figure 3 in chapter System 
overview was conducted to visualize the process and decisions of why the concept was in the state as 
it is. Backing up all the decisions the sources of knowledge and data was presented to ensure that the 
decisions had foundation. This helped a lot to understand how the system developed during the 
research and to communicate this to the stakeholder and supervisors as well to convince them that the 
decisions were properly made and that there was rationale behind all decisions made. 
 
During the research duration decision-making matrixes was developed to ensure rational decisions 
based on the knowledge and research within each topic. This helped a lot when making decisions but 
also to ensure the rationale behind the decisions that was made. Those matrixes also helped along the 
project to remind why certain decisions were made if questions arose during the development. It also 
kept the research going forward, because when developing sub-systems that was dependent on each 
other, thoughts about adjusting the other component to easy the development of the other arose. 
Therefore, the matrixes helped to determine if this was possible or if the design of the previous 
component was set because of certain requirements or could be re-designed. 
 
The rationale map conducted which can be seen in Figure 32, Figure 33, Figure 34 and Figure 35 in 
Appendix A: Decision-making made a big impact to evaluate the final concept against the 
requirements and the needs that were identified. Through this rationale map it was possible to go back 
from the concept to the needs that it fulfills but also the other way around.  
 
The validation of the concepts was done with gathering feedback as mentioned in 3.6 Validation. The 
process of building prototypes and the gather feedback from stakeholders and trough testing gave 
learnings and feedback that might not have been identified without testing. Therefore, the validation 
process gave a lot of good influence to the research and is a major factor in the finale design that is 
presented. The short iterations and the low-resolution prototypes helped to preserve and not get stuck 
with a concept due to the lack of attachment to the concept because of the low amount of time and 
“effort” that was conducted to conduct the concept. 
 
The approach of continuously develop quick prototypes has given the researchers a great foundation of 
learnings to carry with them during the duration of the research. The summary of the learnings after 
the iterations provided a short conclusion of the result that could be used as rational during decision 
making. The reflections that arose during the summary of the learnings provided the researchers with 
new knowledge about the solution and could also from that draw conclusions that would help to 
research the intended aim of the research. These learnings are often things that cannot be taught trough 
only literature or listening to people. It has been a new way of developing for the researcher which 
gave the researchers a undeniably better solution than might have been developed otherwise.  
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5.2 Data gathering discussion 
 
The main data gathered for specific topics during the research were conducted through expert interviews, 
this helped a lot to gather a deeper knowledge which could not be researched trough just literature. The 
advantage that came clear through the expert interviews was that they were not affected by the result of 
our research in a way that they felt threatened like some construction workers might have done. 
Therefore, the relatability in the answers was considered higher than the data gathered from workers in 
the quarry. This is a known phenomenon when interviewing people, they want to feel appreciated and 
are not willing to answer questions or get frustrated when the interviewee askes direct questions which 
makes them feel uncomfortable or “useless” [17, 15]. One thing that came clear to the researchers were 
that mentioning automation to the machine operators made them shorter in their answer and they were 
very clear in telling the researchers that their work could not be automated and that a machine could 
never do their work as good as them, which might be true, but their answers after that was not as plump 
as before the questions arose. The interviews gave a lot of valuable data for the overview and the 
environment while the interviews with experts gave a deeper knowledge about specific topics, this gave 
the research the data points needed and the result would not be the same with just one of them. 
 
To confirm that the problem and needs was credible and not local, different type of experts and workers 
was interviewed, this triangulated the problem and confirmed that the needs were credible and that there 
was a need to solve it. 
 
The observations that were done in the quarry environment was very helpful for the research, even 
though that the observations were conducted from a car and not on the field. This was because of the 
safety concerns and that the quarry was active at the time the researchers were conducting observations 
and interviews. To be down at the site and even perform some activities might have given a higher 
understanding of the environment than from the car. The interviews conducted before the observations 
gave the same information which confirmed the credibility of the interviews and needs and requirements 
identified in the data gather process. 

5.3 Result discussion 
5.3.1 System overview 

 
The direction of the result and the research changed during the duration of the research, the first iteration 
of the system was a concept of a drone which the researchers almost directly after literature review and 
interviews deemed not worth pursuing for the following reasoning. The drone is sensitive for rain, wind, 
dust and can not operate optimally in low temperatures. The energy efficiency was also a major concern 
with this type of approach, there is a short operational time on today’s drones [31] and there would 
therefore be a need for autonomous charging and a new platform for this. Drones have been a large topic 
in many countries due to the fast implementation and that the regulations were not prepared for this; the 
regulations are still something that is a concern when utilizing drones in a system there are regulations 
that demands LOS of the drone at all-time which is not an option in this application [32]. 
 
The trailer-based platforms advantages and the value were greater than the autonomous ATV platform. 
Because there is no need of continuously relocating the units and therefore an autonomous self-driving 
unit could be too costly instead of self-deploying mobile units which could be relocated easily when 
needed by one unit that is autonomous or a vehicle in which the worker doesn’t have to leave the cabin 
or that is remote controlled. Therefore, the trailer concept was the one the researchers found most interest 
in proceeding with. The developed platform can be implemented as an infrastructural element rather 
soon providing value today, not being dependent of having an autonomous distribution unit handling 
it’s relocation, in the transition period of the autonomous deployment system being developed. The final 
stage of this concept is consisting of the sub-systems mast, mast attachment, platform and stabilizing 
system. 
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The system has modular features and can therefore be mounted on different types of trailers. Therefore, 
the customer can either use an existing trailer or the developed one depending on the usage and the 
environment. To build a customized trailer might be unnecessary in some scenarios where there are no 
specific requirements that needs to be fulfilled. 
 
This concept can be used in other fields than the one it is designed for, there is potential features that is 
found interesting for a concept like this research have ended up in. As observational task, there could be 
mounted cameras or other equipment to easily observe different areas on a site or in other fields that 
might be autonomous or remote. At construction sites this mobile unit could be the new providers of 
light, the presented unit have an internal power source which will remove some cables from the ground 
which has been mentioned to be a risk at construction sites. 
 
The agriculture industry is one of the industries which has embraced the autonomous technology and 
this is also an interesting field which could be in need of a mobile unit for observation, communication 
or other potential features. 

5.3.2 Mast 
 

The first iteration result for the mast was not complex but to develop it for this environment and to build 
it there was not enough time. To have an operational deployable mast like the first iterations the mast 
needs to be seal and be IP65 classified, this means that it needs to withstand water and dust without 
malfunctioning. To develop this and with this quality was something that the researchers found to costly 
and unnecessary for this type of system. The interviews had given the researchers the understanding of 
that the stakeholders was not looking for any “cool” gadgets with appealing design, rather a simple and 
robust solution that works was more appealing. 
 
This led the researchers to look at the most obvious solution to extend the mast to 3m, which was the 
result that is presented as the final result. A 3m mast that is extended at all time with the right dimensions 
can withstand the environmental stresses it will be affected by without any moving parts or parameters 
that increase the possibility of malfunctioning. 

5.3.3 Mast attachment 
 

The attachment for this extended mast was therefore more important in this case due to the higher forces 
working on the mast when extended for transportation. If the mast was retractable, the forces would 
have been reduced during transportation. The result of the mast attachment is a simple attachment which 
can be manufactured easily for a low cost compared to the previous iterations. The disadvantage with 
this solution which also is an advantage is that it is manufactured of steel. The steel adds the strength to 
the structure, but it also adds weight, higher risk of corrosion which is enhanced if different metals are 
in contact. Therefore, the rubber mast support is placed in the support cup, this ease the assembly at the 
same time as it removes the contact surface between the two materials as seen in Figure 14. 
 
The first iteration of the platform did not have any suspension which will be a necessarily when 
transporting the unit around the site. As mentioned in the report the already existing infrastructure that 
unit will be transported on are maintained at frequent basis to reduce the stresses on the machinery 
transporting the material on site, due to the low suspension properties of the machinery and due reduce 
wear from vibrations. Even though this is done there is a need for a suspension system to reduce the 
vibrations on the units which in the long term will reduce the lifespan of the components used and 
reduce wear on components utilized for attaching the mast. 

5.3.4 Stabilizing 
 
Utilizing the IMU to give the system a method of determining its orientation had issues that were 
needed to be addressed in form of stability. The values obtained for determining its orientation if the 
IMU was left active could start to drift 1 degree every 100 seconds and thus utilizing it for continuous 
readings and adjustment could cause failure of this systems functionality. However, it is the 
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researchers’ opinion that there is no need for continuous adjustment of keeping the system level. After 
observations of the mobile unit utilized today it completely lack the capability of adjusting itself to 
keep it level, requiring a human for this to happen. And therefore, every improvement in this feature is 
a step in a more autonomous direction. However due to the limited timeframe of the project there was 
no time in testing out which interval for performing adjustment is optimal. Also letting the actuators 
continuously adjust the platform would cause severe wear on the components increasing maintenance 
cost due to the restricted duty time of the actuators. 
 
One cause of errors discovered through the development of the stabilization unit was problematics for 
the microcontroller to obtain readings from the IMU at instances when the actuators was powered of 
through the relay board. Early in the development cycle the actuators introduced severe magnetic flux 
which made the data from the IMU unreadable for the microcontroller. The effects were reduced 
through putting the actuators far from the IMU while also installing a BI- directional logic level 
converter. This made the communication through the 𝐼𝐼2𝐶𝐶 more stable also keeping the voltage for the 
communication channels at a stable level. The micro-controller, along with sensors utilized for this 
version of the prototype provided the means of performing the leveling and stabilization functionality 
are developed for more do it yourself projects and home equipment and thus not suitable for the 
environment where the unit is to operate in a real-world scenario. Therefore, the researchers 
recommend that these components are replaced with industrial classed circuit components that can 
operate in the quarry environment along with the utilization of a more robust programmable logic 
controller. The actuators utilized in the final prototype does not need to be replaced since they fulfill 
the requirements to operate on the completed unit. 
 
For stabilizing the system, a choice between a 3-point or 4-point system had to be made. Due to the 
vision of having a robust unit that in a future scenario can operate as a component of an automated 
infrastructure system relocating access points when and where it is needed, along with the longer 
periods of time for up to three weeks when it could be stationary a decision where made to go for a 
four-point system. This decision introduced the requirement of having to sense when the legs made 
contact with the ground, requiring more components but give more benefits in terms of stability due to 
the symmetry the platform achieves. Since the biggest risk of the unit to have total failure is if the 
trailer is tipping over due to wind load which in the researchers’ opinion a four-point system give 
better robustness against. Also during the research and from previous experience the heavy machinery 
operating at the site that utilize supporting legs and outriggers rely on at least four points for giving 
stability and preventing equipment from tipping over due to shift in load or from the wind. 
It is in our opinion worth the added cost of having an extra supporting leg along with the current 
sensors for providing this reliability due to the relative low added cost this will bring to the overall 
system of having an autonomous operation. 
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6 CONCLUSION AND FUTURE WORK 

6.1 Conclusion 
 
The aim of this research was to design the mobile communication relay to be used in the quarry 
industry. The result of this research led to the development of a dynamic platform which can be 
relocated with less human interaction, this reduce the workers exposure to the harsh environment 
which is a driving parameter in the quarry industry and future mining sites down at the mining face. 
 
The researchers see the result as a long-term solution, the result provided is a solution for the 
problematics of today, where the demand for stable communication and dynamic infrastructure will 
increase with the future site as the trends are framing it. The platform is not locked in to today’s 
technologies which makes it modular for the future technologies to come, and is therefore open for 
other fields than as a communication relay. The prototype enables and enhance the possibility of 
autonomous site elements connected to infrastructure due to JIT connectivity possibilities that is 
possible with the mobile platform. There is no data found during the research that pinpoints that the 
platform needs frequent relocation, and therefore the platform itself have no capabilities of relocating 
on its own. This reduce the cost that is locked in the system which is not asked for, and removes the 
need of internal intelligence for the system, rather than the possibility of receiving a signal and start 
the deployment/contraction sequences. 
 
The components for this prototype is chosen based on requirements set on the operational 
environment, the moving parts are classified enough for operation in with the environmental strains 
and the construction is robust designed.  
 
Due to the narrow scope of the research based on the needs for an autonomous quarry, investigations 
of implementation and similar needs in other construction industry segments were not studied. But this 
solution is a modular platform not locked into specific technologies regarding the equipment mounted 
on it for facilitating short wave communication which open the possibilities for implementation of 
technologies depending on other segments demands. 
 
The added cost of the developed platform is estimated to be around 15 percent higher than the current 
solution that cost 130.000 SEK per installation. This added cost is however deemed motivated by the 
value a solution of the developed kind will bring. Considering that the production cost for the material 
produced at the autonomous electric site are estimated to be reduced by 25% according to Volvo CE, 
which need to be verified through real world test. In the case of the electric site, the goal is the 
reduction of CO2 emissions during the production of material and thus automation and electrification 
is the choice that has been made to achieve this. The communication / relay station is a necessary part 
in that equation and, compared to the machines, kind of cheap. 
 
In answer to the first posed research questions the gathered research has shown that for the question 
 

• How can communication relay support, for autonomous vehicles at a dynamic electric quarry 
site be obtained? 

By implementing a platform solution that provide housing for existing network components and 
power-supply, that is autonomously deployed in desired areas of operation, a more dynamic 
infrastructure is obtained. When topographical changes, obstructions and relocation of production at 
the quarry site occurs, the self-deployable platform can then be relocated and establish itself, providing 
the desired communication for the new conditions, while reducing the amount of time personnel are 
exposed to hazardous areas, enabling autonomous handling of platforms for facilitating short wave 
communication in quarry operations utilizing autonomous machines. 
 
In answer to the second posed research question the gathered research has shown that for the question 
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• What are the conditions and needs a communication relay need to fulfill to act as a support unit 

on an autonomous dynamic quarry site? 
 
The data gathering through interviews, observations, prototypes and testing a requirement list could be 
developed which then was used as a foundation and reference for the developed concept. This 
requirement list is answering the question of what conditions that the communication relay is going to 
be interfering with and therefore withstand to be able to operate on an autonomous and dynamic 
quarry site. 
 
The data points gathered from interviews and literature reviewing identified the needs that the 
communication relay needs to fulfill to operate as an infrastructural support for the autonomous 
quarry. 

6.2 Future work 
 
The researchers find the interesting future work to be done is extensive real environment testing to 
answer the questions regarding how the different sub-systems could be optimized and to investigate new 
features needed. This would also answer the question regarding how dynamic the solution is and trough 
a qualitative research based on the new system versus the already existing solution, how the experience 
of utilizing the new concept is. The result from this research is a first iteration of a system prototype 
which then will be iterated before final product is presented 
 
Since this is the first prototype of the complete solution it is a need to further investigation into the 
different sub-systems and how they can be optimized. One interesting thing is the angle of the supporting 
legs. No investigation of the optimal alignment of the supporting legs were conducted in this research 
which could also result in a more optimal algorithm for the stabilization. 
 
In its current network design, only the Network specialist has access to information regarding the 
network quality and coverage for the site. This information in case of the investigated site is provided 
through the CUWN and adjusted through parameters set by the technician. From this information the 
technician can determine where to relocate the access point to restore acceptable coverage. It could be 
interesting to investigate the possibility of utilizing this information from the software to be the basis 
for a future autonomous relocation of the unit. 
 
This thesis being focused around the needs and requirements regarding the communication relay 
platform, there is a need of further investigation regarding signal propagation characteristics and optimal 
selection of components to be mounted on the platform for implementing communication into the quarry 
construction industry. The developed solution is based on the current technical solutions utilized and 
therefore it could be a need of further investigation into antenna alignment and optimal components for 
facilitating short-wave communication. Measurements regarding the effects on network stability with 
the utilization of a rapidly relocatable platform could prove an interesting field of further research. 
 
Within the construction industry platforms similar to the trailer are utilized both for providing lightning 
and housing surveillance and monitoring equipment. One interesting field of research could be if there 
are other fields where a relocatable platform similar to the one developed in this research could add 
value in terms of a more adaptable infrastructure. In the researchers mind other site elements such as 
conveyor belts and transportation of energy could be interesting fields of investigation. 
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8 APPENDIX 

8.1 Appendix A: Decision-making 
 

 
Table 22: Table for decision-making for UAV or UGV direction 

Antenna positioning 

The recommended height for the antenna is the 
same height as the client that will receive the signal 
from the transmitter, this height should not 
recommended overextend six meters if the client is 
ground based. This is because of the “throw angle” 
that will generate a shadow area underneath the 
transmitter, the higher the transmitter is mounted 
the shadow area will increase using omnidirectional 
antennas with vertical alignment [29], [27]. If 
directional antennas is to be utilized like the ones 
mounted on the main crushing plant the coverage 
could be obtained in desired areas if stability of the 
UAV could be ensured. The area of coverage would 
however decrease. Therefore, there is no need to 
elevate the access point to high altitudes which 
would be easier with an UAV. 

Site infrastructure 

The infrastructure at the chosen site is well planned 
and there are roads constructed for the machinery 
to work. These roads can be used for transporting 
the UGV therefore there is no need for aerial 
deployment of unit. The roads are heavily 
compacted due to the heavy, and stiff machinery 
operating at the site, and there should not be any 
paths that is too harsh for a UGV to operate.  

Signal interference 

According to Magnus Nilsson at Teksys there should 
not be any problem transporting an access point at 
the site with a UGV regarding interference of the 
signal [29]. One cause of negative influence on the 
signal quality has been current flow parallel to 
antenna cables in Magnus Experience and something 
he recommends alleviating as much as possible [29]. 
Motors will interfere with the signal and reduce the 
quality due to induced currents if positioned to close 
to motors and in this case, there should probably be 
mounted four motors for a quad copter or higher 
number of motors with a high rpm to keep the UAV 
in the air. 
 
The motors of a UGV will not be on while the access 
point is standing still which will not have any effect 
on the access point, as mentioned before this is not 
the case for a UAV.  

Physical forces 

Gravitation is something that affect everything, for a 
UGV the gravitation will keep it steady and could be 
used in favor for the unit for stability. On the other 
hand, it could also be a problem when going uphill 
and thus it is important to design the unit so it 
doesn’t tip over when climbing steep hills or don’t 
have enough power to manage the task 
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The UAV needs to counter the gravitational forces at 
all time, while operational, just to keep it in the air, 
this will result in as mentioned before, the motors 
need to be on at all time the UAV is in operation. 
Dependent on how it is designed winds and outdoor 
conditions and currently commercial UAV used for 
site-monitoring have limited conditions in which 
they can be operated safely [33], [34]. 

Energy consumption 

To be able to maintain a long duration and not have 
to charge or swap units that often, we would prefer 
a low energy consumption. This would add value to 
the solution, in the perspective of lower costs as 
well. The UGV can carry more weight than the UAV 
according to regulations mentioned below, and will 
therefore be able to carry higher amount of energy 
source which will probably be useful for longer 
deployment. As mentioned above the energy 
consumption will be increased for the UAV because 
it needs to counter the gravitational forces. 
The UGV will weigh more than a UAV which will 
increase the energy consumption for transportation, 
even though this is the case, we feel that the UGV 
will need less energy due to it does not need to 
counter the gravitational forces and because there is 
only the access point that needs energy when 
positioned. 

Recharge rate 

Commercial UAVs developed today have a flight 
time of approximately 20 to 30 minutes before 
recharging or refueling is required [34], [33]. The 
recharge interval for a communication relay would 
thus be more frequent than that of a UGV. The UGV, 
once placed, is only require providing power for 
operating the access-point and eventual other 
features. A UGV platform could also have larger 
energy capacity installed along with power 
generating features, without impairing the 
operational characteristics to the same degree as 
this would do on a UAV. 

Safety/regulations 

For UAVs there is harsh regulations on weight, 
height, Line-of-sight and flight area [32].There is also 
need for licenses depending on how the UAV is 
supposed to be used, in this case there should need 
to be a worker always having the drone in sight to be 
able to use a UAV as a solution. 

Lift capacity 

The UAV will need more energy based on the 
weight, this is of course also the case for the UGV 
but there is no need for always providing power for 
it to lift its own weight as it is for the UAV. 
Therefore, the lift capacity is very crucial for the 
UAV, and based on that there is also a need to 
mount an access point and a larger battery than is 
used on the commercial UAVs today.  
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Table 23: Rationale behind automated or trailer decision 

How often does the access point need to be 
relocated? 

A case study at an open-pit mining site which is much 
larger than the site we are building our case upon, 

relocates their access points every 30-60 days [35]. The 
plans for the electric quarry is that blasting will occur 
every 2 to 3 weeks and the layout will change every 

now and then requiring machinery to travel one km to 
the new spot. It is therefore estimated that a relocation 
of the unit will occur within these three weeks but not 

on a frequent basis such as every minute. 
 

How is the infrastructure set up at the quarry 
site? 

Observations shows that the quarry site infrastructure 
is well planned. There is existing “roads” where the 

machinery should drive between the operation areas, 
or the surface the machinery is driving on is rather flat 

and compacted which can be seen in and Figure 30. 
There are already pre-arranged roads which is 

maintained between the different height levels of the 
quarry where it is easy to either drive with machinery or 
even trucks or cars. The slopes at the site do not have a 
steep angle due to the trucks often are loaded down in 
the quarry operational area and are therefore in need 
of driving up the slopes loaded. Therefore, the slopes 

cannot be too steep. 
Most of storage piles will be reduced because of direct 

loading on haulers at end of crushing process to later be 
transported with conveyor belt for further processing at 

another place at the site from the unloading area. 
 

Future vision of quarry site 

Teleoperation 
In similar industries such as the mining industry there is 

already projects for development and existing 
operations which are operated from distance [6]. The 
excavators at the quarry site is not as mobile and easy 

to relocate as for example the haulers. Therefore, those 
heavy machinery is rather static and the wheel loader is 
operating in a specific area when performing its tasks. 

 
No workers down at the operations 

The quarry site is a hazardous environment to work in, 
therefore the drive of taking the human worker out of 
the operational area is high. According to Trafikverket 

[36] and Sveriges Bergmaterialindustri [37] the problem 
with un-detonated explosives is one of the reasons why 

there is a drive of removing the worker from the 
operational site. The dust and quartzite is another 

drive, the particles are airborne in the operational area 
and cause health issue which can lead silicosis and lung 

cancer [38] 
 

What if something unplanned/unexpected If something unforced happens such as a machine 
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happens? breaks down and one of the machines that are 
operating needs to relocate because of new 

prioritizations, we see that if there must be a reliable 
connection at the new location it is going to operate. 
This based on that the machine that broke down have 
had been operating in this area and in that case, was 

relying on existing connection infrastructure. Therefore, 
there is no urgent need of relocating the access point 

that was providing connection to the machine that need 
relocation. 

In case of a new and urgent operation where no 
previous machine has been working is needed, there is 

a need of relocating the access point to provide the 
needed connection for the machine that is going to 

operate in this area if there is no reliable 
communication support in that specific area. 

 
What is the Pros and Cons of having all units drive themselves vs “transporter” to relocate the 
access points? 
Table 24: Pros and Cons for Fully automated platform and Wheeled platform without driving 
ability 

Fully automated platform Wheeled platform without driving ability 
Pros: 
• Modularity 
• Removes cables 
• Removes worker 

from site 
• Enable dynamic 

site 
• Adaptable range

   
• Dynamic access 

point height 
• No external 

machinery needed 
• Versatile platform 

Cons: 
• Adding machinery 

to machine park 
• Possibly to 

dynamic 
• Energy 

consumption 
(driving motors) 

• Weight 
•  Costly 
• Need of path-

planning 

Pros: 
• Simple 

construction 
• Modularity 
• Removes cables 
• Removes worker 

from site 
• Enable dynamic 

site 
• Adaptable range 
• Dynamic access 

point height 
• Versatile platform 
• Low energy 

consumption 
• No internal energy 

source needed for 
deployment 

Cons: 
• External 

machinery needed 
for relocation 

• Can’t travel for re-
charging 

• Relaying on” 
universal 
attachment” 

• Can take time to 
relocate due to 
need of external 
machinery 

 

Figure 29: Wheel loader moving product 
from mobile crusher to its storage pile 

Figure 30: Stationary crusher where the 
product will be stored before loaded to 
trucks. 
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Summary/ Decision 
There is potential in both directions, comparing the pros identified for both directions they are very 
similar and the differences is that the not autonomous platform has a simpler construction and that 
there is no need for an internal energy source for powering the deployment actors. 
 
The automated platform can transport itself if there is need for re-charging which is not the case for 
the other platform. 
 
If implementing the automated platform, we see that this will increase the cost for the unit as an initial 
cost based on the development of the automated system and the need for a larger amount of energy 
capacity needed to maintain the same operational up-time as the not autonomous platform. The 
external unit that will relocate the access point should also be able to perform other tasks when not 
relocating the access points, which gives this platform has advantages in versatility and added value. 
The autonomous platform will be locked in to the functionalities it has and there might be added value 
in terms of other attachments to the platform than the access point but we don’t see this as an 
advantage for the autonomous platform, because we see that those attachments could also be attached 
to the not autonomous platform. 
 
Based on the duration between the relocations, we decide to move forward with the not autonomous 
platform. This based on that we see that the added value which an external unit can add between the 
cycles of relocating access points is more value to the concept than having the possibility to instantly 
move the access point. We also find the advantage of having an energy source only for the access 
point an advantage for the not autonomous platform due to the low energy consumption of the access 
point, this give the not autonomous platform a longer operation time between recharging or refueling 
sessions. 
 
We found the autonomous platform “too dynamic” and there is no need for continuous relocation 
based on the duration between blasting, the case study mentioned under the chapter how often does the 
access point need to be relocated? And the already existing dynamic planning on the quarry site which 
we site will be increased based on the upcoming trends of digitization and IoT. 
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Table 25: Comparison between wheels and tracks 

 
 
Comparison between fixed or deployable mast 
Table 26: Comparison of advantages and disadvantages between fixed or deployable mast 

Characteristics Weight 
Fixed mast Deployable mast 

Advantages Disadvantages Advantages Disadvantages 

Flexibility 8   

The mast is 
fixed which 

removes the 
ability to 

adjust the 
height. 

Dependent on 
height of 

mast easiness 
of relocation 

of vehicle 
might become 

impaired 

The height of the mast can 
be adjusted to most 
suitable height for 

transmitter positioning. 
Relocation of vehicle, 

dependent of height of 
mast, becomes easier due 

to reduced dynamic 
forcing  

The subtracting 
or extending of 

mast can 
malfunction 
causing the 

mast to lose its 
functionality. 

Components 3 

The fixed mast 
only contains 
the mast itself 
and there is no 

need for 
additional 

components 

    

There is 
required a 

higher number 
of components 

to make the 
mast 

deployable. 
Dependent on 

how it is 
achieved 

actuators could 
be required 
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increasing 
power demand 

on structure. 

Maintenance 6 

There is no 
additional 

maintenance 
of a fixed mast 
more than if it 

is broken 

    

There will be 
moving parts 
for realize the 

deployable 
mast, which will 
end up in more 

maintenance 
than in a fixed 

mast 

Cost 3 
Low 

manufacturing 
cost 

  Cheap components 

More expensive 
than a fixed 

mast, based on 
more 

components 
besides the 

mast 

Strength 9 

It is only the 
material 

properties 
which will 

determine the 
strength of the 

mast, this 
because there 
is no joints or 

composition of 
components. 

The fixed 
mast cannot 
fold which 
makes it 
always 

exposed to 
maximum 
stress. And 

higher 
dynamic 

stresses when 
the vehicle is 

relocated 

The mast can fold and will 
therefore not be exposed 
to maximum stress based 
on the height at all time. 
The dynamic stresses are 
reduced when the vehicle 

is relocated. 

The need of 
composition of 

different 
components 

will weaken the 
structure in 

terms of 
strength. Areas 

of stress 
concentration 

increases.  

 

External Value 

The fixed mast has a lower 
manufacture and maintenance 
cost than the deployable mast. 

The fixed mast should have 
lower chance of breakdown 

because it has no moving 
components. 

The deployable mast will be able to adjust to 
desired height which is important to get 

minimal shadowing area under the 
transmitter, the requirement of positioning at 
same height as receiver is now possible if the 

differences between the receiver and 
transmitter is not "too big". 
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Pugh matrix to decide which concept(s) to proceed with developing 

 
Figure 31: Pugh Matrix for mast Functionality 
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Figure 32: First page of the rationale map 
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Figure 33:  Second page of the rationale map continuing from the first 
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Figure 34: Pros and Cons for UAV and UGV concepts in the rationale map 
 

 
Figure 35: Pros and Cons for the trailer platform and pallet platform concepts in the rationale 
map 

8.2 Appendix B: Experiment 
 
The experiment of using a fixed mast and to determine the forces on the system was conducted in a 
similar environment as the final concept should be implemented. The experiment was performed on a 
farm where the surface is gravel, potholes in the road, rocks and the environment get dusty when driving 
the platform around which is visualized in Figure 37. During the test the car accelerated to a speed of 
30km/h and took some sharp turns and aimed for the potholes to get the most extreme stresses that the 
system could encounter. 
 
The utilities used were a trailer, pickup truck, 3000x62x3 mm aluminum rod, strap, wooden plank, two 
clamps, small rebar and two accelerometers. The setup for the experiment can be seen in Figure 36. 
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Figure 36: Mast experiment setup 

 
Figure 37: Mast experiment surface 

 
In Figure 38 it’s possible to see how the accelerometer was attached to the top of the mast. In Figure 
39 the mounting of the second accelerometer and the mast attachment to the trailer is presented.  
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Figure 38: Accelerometer mounted on the top of the mast 

 

 
Figure 39: Accelerometer mounted on bottom of the mast and the mast attachment to the 

trailer 
 
The trailer was then driven on a set path were the accelerometers recorded the accelerations in the top 
and bottom of the mast. The test was also to see if the mast would withstand not being contracted 
during transportation and to see the behavior of the system. The maximum measured acceleration from 
the accelerometers came from the one mounted on the top of the mast, the maximum value recorded 
was 60m/s2. 
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8.3 Appendix C: Interviews 
 
Interview notes from Jimmie Wiklander, Specialist, Volvo CE 
General takeaways after meeting with Jimmy Wiklander 
 
Safety is most critical. Sending down commands on tasks does not have to be continuous since the 
machine can handle itself on its own for a while. 
Would like to have something that monitor machine position and judge if the machines are running a 
risk for running in to each other. And if it detects that something critical is about to happen it could 
send to the machines to stop. 

“But if you implement this you must always make sure that communication is up and running” 
Could solve by making the machine stop if it loose signal but will influence uptime so there is 
a trade-off between safety and productivity. 

Issues with the antenna is that since the hauler is low and has no cabin there is issue with finding a 
good place to put them. 
Large risk for the machine to encounter radio shadow. (Going behind piles of gravel on the site) 
 
Issues providing signal to the machine today? 
 
Have requirement on real time signals that the machine need to receive continuously. 
If you use Wi-Fi you need a high investment in infrastructure. Can’t send long distance from each 
access point, need to have several access points on the site and it becomes expensive. Need power to 
all access points. 
The site is changing all the time making it hard to use stationary access points. 
Hard to obtain 100 percent coverage all the time. Easier if you go down in frequency but you lose 
bandwidth. Not optimal if you want fast feedback because it takes time to send packages. But you get 
better coverage. 
 
Some reoccurring instances for losing signals? 
 
Generally, when you have some obstacle between the antenna and the transmitter. Can occur when it 
is dumping its load or other machines creating obstacle between and blocking the path of the signal. 
One way to mitigate is to allow roaming between different points instead of point to point to allow 
different options for communication all the time. Drawback with this is that if you have real time 
requirements roaming takes time and you lose connection for a short period of time. 
 
What type of signal are you using today? 
 
Using 2,4 GHz WIFI on the hauler for general communication. 
Use a GNSS-system. (Global Navigating Satellite System). No issues regarding this signal system. Do 
not need a continues signal so not critical. 
Don’t have a solution that ensures that the machine doesn’t lose Wi-Fi at certain instances on the site. 
The main problem. Second is that you can’t get enough data through the system. Trade-off between 
speed and coverage. 
If you had access points all over the site it would be solved but not feasible because it is too expensive. 
Would like some flexible system that gave you good connectivity. 
 
Issues with mounting the antenna? 
 
The bucket itself creates “omni” antenna and the signal reflects on the bucket and creates multipath 
problems, you interfere with yourself. 
Needs to be placed on the sides of the machine which do not create 360-degree coverage. At best 180 
degrees. Need multiple antennas. For one WIFI system they use 4 antennas. Two on each side. 
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Issue with multiple antennas? 
 
If you have MIMO access points no issue since it looks at the difference in signal strength 
 
Is there a continuous need of connectivity? 
 
For just running the machine, it does not need constant communication. But for safety it put more 
requirements on communication all the time if something unexpected happens. 
There are companies today that deliver complete system for Wi-Fi connectivity but it is expensive. 
The devices you by today are more for offices and factories and not for open environment. Sisco 
provide hardy access points. Need to have someone that can configure the system of access points. 
Cost of infrastructure. 
 
Main limitations of UAV for providing access points? 
 
Would be a more flexible solution. Limitations in time the drone is in operation. Need something so it 
can replace itself. Need to have a simple way to handle it, “User experience” easy way to set it up. Or 
if it is a service from a company. Many things get trickier when they are flying. 
 
Requirement. 
Interesting if we set a requirement of constant connectivity. 
 
Interview notes from interview with Magnus Nilsson, Network Specialist, Teksys 
 
Magnus mentions when we ask for what the concerns of installing the Wi-Fi in the quarry has been 
that the major headaches are where do you got access to power. 
 

• Costly to make power available and drawing power lines 
o Costlier than installing the tower for mounting AP 
o Installation cost of a fixed AP is around 55.000 SEK 

• Says this is an important factor in determining where to place AP 
o He tells that the recommended height for the used AP are maximal 6 meters but 

currently they are installed at 20 meters height 
o Optimal height is to place them at the same height as clients (Haulers antenna) 

The tools for measuring and determining the position of the AP are well established and give god 
estimations on where to put them. But then you are forced to install them at other areas because the 
electric infrastructure is present there. 
The ever-changing environment present issues. Suddenly 10-meter large piles can be present which 
kills of the access point. (By blocking the signal propagation path) 
Have constructed 2 mobile units that can be relocated by operators putting them in the bucket of the 
wheel loaders that are fueled by fuel cells.  

• Weight 100 kg 
• Fuelled with 50 l ethanol 
• Cost 135.000 SEK per installation 

Interesting with a combination of wind-power and fuel cells but have not tested. 
Could see issues with solar panels due to the very dusty environment and would thus require 
something to clear them from this for optimal efficiency 
The AP only need 30 W of power to operate 

• Use Cisco 3702e series 
• Advantages with mesh structure 
• Throw angle from antennas are approximately 30 degrees 
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• Important to keep the antenna vertical towards a horizontal plane not affecting the expected 
signal distribution from the antenna. 

• Can’t send out more than 21 dBi due to legislation on the 2.4 GHz band 
• 200-300 meters between AP 
• Not sensitive for movement of AP for transportation 

o The network can adapt and communicate anyway 
o Antennas for the AP are placed on 3 meters height and work satisfactory at the site 

in Eskilstuna, (Not tested at the Electric site yet). 
• Don’t want to make more than 4 jumps between AP, Bandwidth get approximately halved 

for each jump but as long no more than this was done it was fine. 
• Minimize parallel currents close to antenna cables since this has had reduced effect on signal 

quality and in his experience one decrementing factor on the signal quality 

Highlight the need of an easy to relocate network system 
• Two of the towers he had installed had to be removed later due to the rock-face being blown 

off for production. This was known from the beginning however. 

Interview with Magnus Berggren Machine operator Schweden Splitt 
The interview were conducted in Swedish and thus the transcription is not translated to English 
 
MB = Martin Berggren 
SK = Simon Knutsson 
DL = Daniel Larmark 
 
Inledningen av intervjun bestod av presentation och diskussioner om problematik som kan uppstå 
inom verksamheten och vilka uppgifter som maskinföraren har på siten. Vilket ledde in till området om 
saker som föraren upptäcker. 
 
SK: Vad är det för fel som kan hända i materialhögar? 
 
MB: Ja det är ju som Gunnar sade med fraktionerna då så när de här som sorterar går sönder så det blir 
för stora hål och så går det ut i en hög då så kan man inte se det direkt och då får man kassera denna 
högen och lägga på ett annat ställe och ja sortera om och så. 
 
SK: Är det du då som maskinförare som upptäcker detta? 
 
MB: Ja det är maskinföraren som ser det i regel ju 
 
SK: Ja då skall vi se. Då kan vi, har du några eller känner av några krämpor eller liknande? 
 
MB: Ja ryggen är ju det är ett väldigt hoppande där inne man sitter ju hela tiden så [lyfter handen upp 
och ned] så man trycker ihop ryggen ju så. Det är väl det framför allt. 
 
SK: Det kommer ifrån att du sitter i stolen? 
 
MB: Ja sen är det en nackdel tycker jag att i de nya maskinerna blir det mindre och mindre spakar blir 
det ju och desto mindre rörelse gör man med händerna. Du använder ju nu bara i princip de här [visar 
med fingertopparna] innan var det lite mer så man rörde [visar rörelse med hela armarna] det tror jag 
blir en nackdel i framtiden. 
 
SK: Är det något du har märkt av här? 
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MB: Nej jag har inte gjort det men jag tror ju faktiskt ändå att det är bättre att röra sig då. Som 
skogsmaskiner och sådant är ännu värre. Där är det mycket mindre rörelse [Vrider med handlederna] 
jag känner många stycken de får ont här [Visar på handled och i själva handen] i nerver för att det blir 
så små rörelser. 
 
SK: Hur skulle du beskriva din arbetsmiljö i bergtäkten? 
MB: Jaa inne i maskinen är det bra men detta är ju en farlig miljö för i regel är det dammigt. Det finns 
sådan här kvartsit heter det som är extremt farligt för lungorna och det finns det en del här så man får 
vara försiktig. Sen finns det en del som inte har någon kvartsit och då är dammet i princip ofarligt. Så 
det är det som man är mest rädd för. För hälsan då. 
 
DL: Finns det något som indikerar när det är kvartsit? 
 
MB: Nej det är det ju inte men vi gör ju damm mätningar ett par gånger om året när man går med en 
sådan där apparat då en hel dag och då får man ett snitt och vi är inte över gränsvärdena så sett men 
man är ju ändå rädd. För man får ha mask om man skall vara ute och det dammar mycket. 
 
SK: Händer det ofta att du måste lämna maskinen? 
 
MB: Ja ibland händer det man får ju hjälpa till och vi har inte varit så mycket folk så då får man gå ut 
och hjälpa till men då tar man en sådan mask på sig. 
 
DL: Du sa något om den här masken som ni bär är det någonting som förhindrar er på något sätt i 
arbetet eller? 
 
MB: Njaaa den är ju inte jättebekväm man har ju den över så men den är ju rätt så. Det är ju bättre än 
ingenting så att säga. 
 
Här emellan följde lite diskussioner om maskinerna som används på siten och åsikter gällande 
robusthet och komfort mellan olika tillverkare. 
 
DL: Du sa det att Volvo maskiner inte håller vilken aspekt är det de inte gör det? 
 
MB: Nej de går sönder och krånglar mycket jämfört med CAT. CAT är mer rejält byggda om man 
säger så fast komforten finns inte där. Volvo är ju jättefina komfortmässigt och körbarhetsmässigt så. 
Tyvärr är det lite så. 
 
SK: Är det några speciella saker som alltid går sönder? 
 
MB: Ja de har haft lite problem med rening och sådant här och axlar och sådant. Och lite växellåda 
och sådant här har det varit mycket av. Man hör ju det eftersom det snackas i branschen så här och 
mycket. Det skulle varit en mix av dem så hade det varit alldeles perfekt [skratt] 
 
SK: Ja så tillbaka till det här då med det, om du hade en önskan med din maskin vad skulle det vara? 
 
MB: [skratt] att den var självkörande så jag kunde sitta jämte. Det hade varit rätt skönt. 
 
SK: Om vi säger hypotetiskt att den var självkörande vad känner du att du skulle behöva veta om 
själva operationen? 
 
MB: Ja man skulle veta att den verkligen kan utföra uppdragen som jag vill att den skall göra det. Som 
jag vill ha det. 
 
SK: Hur vill du ha det? 
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MB: Ja det är ju beroende på om man skall lägga upp en yta till exempel eller en hög att den bygger 
rampen precis i rätt lutning och sådär så därför är det väldigt svårt att få något sånt i denna Branschen 
eftersom det är så mycket ändring. Förutsättningarna ändras hela tiden. 
 
Interview with Bengt Melin production Manager Schweden Splitt 
The interview were conducted in Swedish and thus the transcription is not translated to English 
 
DL=Daniel Larmark 
SK= Simon Knutsson 
BM = Bengt Melin 
 
SK: om vi tar stenbrotts verksamheten. Vad är det som måste ske, från början till slut för att ni ska 
kunna leverera er produkt. Skulle du vilja gå igenom den processen? 
 
BM: Hela processen? 
 
SK: Ja det hade varit intressant och veta. 
 
BM: Det kan vi göra lite snabbt. Om vi säger som så att jag ska börja här ute så får jag börja först med 
en grävmaskin och föra bort avbaningsmassor upp på berget. För vi kan inte ha in rötter och kanske 
jord och sånt i produkterna. Sen när det är gjort så ska vi sätta ut lite höjd på berget och mäta hur högt 
det är för vi borrar efter höjden då va så vi får samma höjd över hela ytan. Sen kommer borrvagnen 
och borrar hålen då enligt ett mönster som är uppgjort. Och när det är gjort så är det dags för 
sprängning, så då får man beställa hit firma då som har tankbilar. För idag när man spränger så är det 
inte så att man har sådana här färdiga, utan det kommer hit en tankbil som pumpar i hålen då. Sen är 
det sprängning. Och sen efter det så att vi har mobila krossar för tillfället så får man larva fram dem 
och ta fram dem till där man har sprängt. Sen börjar man att lasta i. Sen är det olika steg då naturligt 
vis för att krossa ner, så vi får det i de fraktionerna vi vill ha det i. Sen är det så att de materialet som 
är färdigt det ska ju då läggas på olika ställen så då är det ju det problemet att man håller produkten 
ren från olika sorter. Vi har ju olika prover och så för att testa att materialen är rena för kunden som 
har beställt vill ha den så. Då ska det inte komma något annat. 
 
SK: Hur löser ni det idag, att se till att hålla det rent. Sorterar ni det? 
 
BM: Ja vi sorterar och det görs ju i krossarna. Och efter krossarna finns det siktar med tre olika däck 
så materialet går genom de olika däcken så de hamnar i olika fack sen. Sen idag har vi ju som vi inte 
har tagit i bruk då, betong fack där materialen ska komma ut. Så vi kan ju säga att det ligger så va, sen 
är det ju olika då om det ska skäppas utomlands, då tar vi in båtar i hamnen, vi har ju egen hamn här 
nere. Sen har vi transportband som går härifrån ner till hamnen. Så lastar vi båtarna där, sen är det 
mycket inhemskt trafik med lastbilar. Så det vi har igång här nere idag det är i princip tre stora 
hjullastare, en grävmaskin som lastar till krossarna, sen har vi en lite mindre grävmaskin som går och 
slår sönder allt berg som är för stort för att gå in i krossarna. 
 
DL: Som en liten följdfråga, givetvis baserat på hur mycket ni ska spränga. Men hur lång tid tar det 
från att ni bestämt er för var ni ska utvidga eller spränga till att ni kan börja lasta det till krossarna? 
 
BM: Det är ju då vilka material som behöver lastas ut inom vissa tider. Att ha reda på det i god tid 
innan, när det är mycket leveranser ut då behöver man lägga upp så man ligger lite i förväg med sånt. 
Man behöver börja i god tid så man hinner med. 
 
SK: Hur gör ni idag för att hålla koll på detta? 
 
BM: Jo det är ju det här att vi får ha genomgångar med vad som ska ut och vilka kontrakt som ligger 
så får vi gå igenom det hela tiden så vi inte missar någonting. 
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SK: Om man tittar på arbetsutrustningen som finns på arbetsplatsen idag, ser du något som kan 
förbättras där? 
 
BM: Vi har ju mobil utrustning idag, som jag ser som en svaghet. Men om något år kommer ju den 
vara borta. Då vi kommer få en stationär kross nu när vi har byggt om här. För den mobila krossen är 
inte lika tillförlitlig som en fast. Det är ju mer känsligt med allt som man kan flytta då det finns så 
många fler komponenter som kan gå sönder. 
 
Interview with Johan Malmqvist Södra regarding usage of drones 
The interview were conducted in Swedish and thus the transcription is not translated to English 
 
DL= Daniel Larmark 
JM = Johan Malmqvist 
 
DL: Inom vilka områden används drönare idag? Finns det områden där ni skulle vilja, men där ni inte 
använder/ kan använda dem? 
 
JM: Vi använder dom främst som ett öga i luften för att spara tid genom att kunna flyga runt och leta 
efter saker istället för att gå omkring till fots. Vi skulle gärna använda dom även utom synhåll men det 
är förbjudet. Drönarnas räckvidd är betydligt större än vad vi får använda oss av i dagsläget vilket är 
ett hinder. Även vissa flygförbudszoner ställer till det på vissa platser. 
 
DL: Vilken typ av drönare har ni att investera i, och varför föll valet på denna/dessa? 
 
JM: Vi har valt konsumentdrönarna DJI Mavic, främst eftersom det är de vanligaste på marknaden och 
att man jobbat mycket med användarvänlighet. Men även för att de ligger vettigt i pris. Och är väldigt 
smidiga i storlek. Och har bra förhållande gällande storlek prestanda och pris. 
 
DL: Hur drivs drönare idag (elförsörjning)? Vilka drivmedel använder just ni? Finns det några 
frustrationsmoment kopplat till detta? 
 
JM: Japp det är batteridrift på våra drönare, våra batterier räcker i ca 30min och visst hade det varit 
välkommet om de hade kunnat räcke ett tag längre men nu är det som de är. De t finns självklart 
drönare som har annan framdrift men de är betydligt större och mer komplicerade och för oss så passar 
de inte in i behovet då det blir för dyrt för den kvalitet som vi behöver. 
 
DL: Vad är de största fördelarna med drönare idag? 
 
JM: Den stora fördelen är att det gör att vi kan får en tidsbesparing där vi kan använda drönarna för att 
exempelvis kolla att en yta som man skall ha lämnat extra hänsyn runt är lämnad istället för att gå tid 
till fots för att kontrollera detta. En annan stor nytta är att den täcker stora områden, om det tillexempel 
har stormat och det ligger vindfälllen/stormfälld skog så ser man det väldigt enkelt från luften och man 
kan enkelt använda drönaren för att täcka stora arealer mycket fortare än vad man skulle göra till fots, 
ett arbete som dessutom kan vara farligt då det inte är så enkelt att traska omkring i skogen om det 
ligger ”plockepinn” med träd som du skall klättra över. 
 
DL: Om det finns brister/nackdelar, vilka är dessa?  
 
JM: En nackdel är självklart batterikapaciteteten på de små enkla drönarna vi använder oss av. Men 
annars är lagrummet som gör att vi bara får flyga inom synhåll det stora problemet. 
 
DL: Vad motiverade er på Södra att investera i drönare?  
 
JM: Tidsbesparingen som det gör när man skall kontrollera eller söka efter områden med skog. 
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DL: Vilka tror du de största hinder till att drönare ska användas autonomt idag? 
 
JM: Lagrummet som säger att du måste flyga inom synhåll är det största problemet idag. Vi flyger 
redan autonomt inom mindre områden för att kunna täcka av och ta många bilder över ett område för 
att i ett senare skede kunna sätta ihop dessa till ett enhetligt foto med hög kvalitet, samt kunna 
göra ”punktmolnsberäkningar” från det. 
 

Interview with Andreas Lydig NCC regarding usage of drones 
The interview were conducted in Swedish and thus the transcription is not translated to English 
 
DL= Daniel Larmark 
AL = Andreas Lydig 
 
DL: Inom vilka områden används drönare idag? Finns det områden där ni skulle vilja, men där de inte 
används använda dom? 
 
AL: NCC använder drönare under alla steg i byggprocessen, mycket för dokumentation och 
avstämning/planering men även för att skapa 3D modeller för volymberäkning och visualisering. Vi 
har inte fått möjlighet att använda drönare vid inspektion och besiktning ännu men bör vara ett bra 
användningsområde. 
 
DL: Vilken typ av drönare har ni att investera i, och varför föll valet på denna/dessa? 
 
AL: NCC började använda drönare för 4 år sedan och tanken har hela tiden varit att drönare borde 
finnas på alla våra byggprojekt men det skulle aldrig vara möjligt eftersom drönarna på den tiden var 
för dyra. Så när vi drog igång valde vi att bygga egna drönare. Därefter har utvecklingen gått snabbt 
och för 2 år sedan köpte vi in några DJI Inspire för test och det visade sig att dom klarade uppgifterna 
mycket bra så numera använder vi bara drönare från DJI. 
 
DL: Hur drivs drönare idag (elförsörjning)? Vilka drivmedel använder just ni? Finns det några 
frustrationsmoment kopplat till detta? 
 
AL: Eldrivna. Den korta flygtiden har alltid varit en begränsning för oss. Även om man har många 
batterier skulle användandet vara så mycket enklare med längre flygtid. Idag ligger flygtiden på ca 
20min/batteri. 
 
DL: Vad är de största fördelarna med drönare idag? 
 
AL: Att på ett snabbt sätt kunna skapa en uppdaterad översiktsbild över byggprojektet. Detta 
underlättar planering avsevärt. 
 
DL: Om det finns brister/nackdelar, vilka är dessa?  
 
AL: Vädret. Drönarna kan inte flygas vid nederbörd. När marken är täkt av snö blir fotona och 
filmerna inte lika användbara. 
 
DL: Vad motiverade er på NCC att investera i drönare? (Och, finns det faktorer som hindrar er i att 
investera i större grad?) 
 
AL: Det var våra Mättekniker som först ville börja använda drönare som ett mätverktyg eftersom det 
spar mycket tid och ger så mycket mer mätdata än traditionella mätmetoder (GPS, totalstation mm). 
Faktorer som hindrar investering är chefer som ännu inte förstått vad drönaren kan tillföra projektet. 
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DL: Vilka tror du de största hindren är till att drönare ska användas autonomt idag? 
 
AL: Vi flyger mycket autonomt idag men alltid inom synhåll, vilket ibland kan vara en begräsning, tex 
vid långa vägsträckor. Möjlighet finns att ansöka om tillstånd för att flyga utom synhåll men detta är 
inget vi funderat på att göra i dagsläget. 
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8.4 Appendix D Wind Load Calculations 
A digital prototype of the mast, antenna and wind tunnel was modeled in Autodesk inventor according 
to Figure 40. 
 

 
Figure 40: Wind tunnel consisting of a rectangular box along with the aluminum mast with 
antenna mounted on top placed inside. The dimensions used for modeling in mm. 
 
The model is then exported to the Autodesk CFD 2018 and setup for simulation in the following steps. 

1. Assign type and material to components 
2. Set boundary conditions on the wind-tunnel 
3. Assign Mesh to the components 
4. Solve until solution converge 
5. Calculate force on surfaces for mast and antenna 

Step 1: 
The wind tunnel is set to material type fluid with material Air. The default parameters for the material 
is utilized since the result from this simulation is to obtain a rough estimate on the wind loads that will 
affect the mounting. 
  



 

84 

Table 27: Type and material assignment for the wind tunnel, mast and antenna. Also show the 
global coordinate system x, y and z 

Component Assigned type and material parameters 

Wind tunnel 
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Mast and 
antenna 

 
Step 2: 
The boundary conditions for the wind tunnel is set in the following way. The air velocity in the inlet is 
set to 33 m/s seen in Figure 41. Since the scenario for the wind tunnel is set to atmospheric pressure, 
through the material assignment, the outlet boundary condition is set to have a pressure zero Pa 
indicating the system is operating in atmospheric pressure seen in Figure 42. 
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Figure 41: Boundary condition for the inlet of the wind tunnel set to have velocity 33 m/s on 

the surface indicated by red 
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Figure 42: Boundary condition for the outlet set to have pressure 0 Pa on the surface indicated 

by red 
 
Step 3 
 
The automatic mesh is assigned to the wind tunnel to save computational time and since the result on 
this component holds little interest for the researchers. Refined mesh is assigned to the antenna and 
mast in iterations until the result converges. The number of elements and view of the mesh can be seen 
in 
 
Table 28: Number of fluid elements and nodes used for the wind tunnel along with the number 
of solid elements and nodes for the antenna and mast. Also show illustrations of the mesh  

Wind tunnel Mast and Antenna 
Fluid Elements Fluid Nodes Solid Elements Solid Nodes 

407517 100248 217806 35996 
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Step 4 
 
Inspecting the convergence plot, the solver converges after 316 iterations seen in Figure 43, all curves 
has leveled out indicating that a stable solution is obtained. The velocity in z-direction is also starting 
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to level out. However, this velocity will only affect the calculations for lift and downforce and can 
thus be overseen. 
 

 
Figure 43: Convergence plot for the solver 
 
Step 5:  
To calculate the drag force on the mast and antenna the wall calculator tool is utilized. All surfaces of 
the Antenna and mast is selected and summed up giving the total force in x-y and z direction, the 
digital prototype give a drag force in y direction of around 150 N shown in  
 
Table 29: Obtained forcing on the Antenna and mast, where the force in y-direction is drag 
force affecting the structure and forcing in z-direction is lift. 
 

∑𝐹𝐹𝑥𝑥 ∑𝐹𝐹𝑦𝑦 ∑𝐹𝐹𝑧𝑧 
-0.92 N 152 N 5.2 N 

 
By using the following general formula for wind load, assuming laminar flow of the wind. 
 
𝐹𝐹𝑣𝑣 = 𝐶𝐶𝑑𝑑 ∙ 𝑃𝑃 ∙ 𝐴𝐴     [Eq.1] 
 
In which P is the dynamic pressure from the wind estimated by 
 
𝑃𝑃 = 1/2 ∙ 𝜌𝜌 ∙ 𝑣𝑣2     [Eq.2] 
 
Where 𝜌𝜌 is the density of air set to 1.25 𝑘𝑘𝑘𝑘/𝑚𝑚3 according to recommendations from SS-EN-1991-1-4 
 
𝑣𝑣 is the wind speed in m/s and is set to 33 m/s classified as hurricane winds in Sweden [39]. 
 
𝐶𝐶𝑑𝑑 is the drag coefficient for the investigated shape of the structure. For the mast the drag coefficient 
is set to 1.2. 
 
The antenna is also estimated as a cylinder with given dimensions for the used antenna [27]. 
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In Table 30 of estimated wind loading using equations for the two components the mast consists of 
were the result is rounded up. 
 
Table 30: Showing calculated wind load on the mast system using Eq.1 and Eq.2 along with 
given dimensions for components and estimated highest wind speed. 

Component 𝐹𝐹𝑣𝑣  [𝑁𝑁] 𝐷𝐷 [𝑚𝑚] ℎ[𝑚𝑚] 𝐶𝐶𝐶𝐶 𝐴𝐴 [𝑚𝑚2] 𝑃𝑃𝑑𝑑  �
𝑁𝑁
𝑚𝑚2� 𝑣𝑣 �

𝑚𝑚
𝑠𝑠 �

 

Mast 130,6 0.06 2.7 1.2 0.16 680 33 Antenna 37 0.16 0.28 1.2 0.045 
 
The forcing on the mast and antenna become higher become around 170 Newton slightly higher than 
the result from the simulation but also give a larger margin for safety and is thus used for further 
calculations. 
 
The acting moment on the structure fixing the mast is then estimated by multiplying this force with the 
leverage arm taken to be the furthest distance on each component from where the mast is fixated to the 
platform, thus overestimate the acting moment from the wind-load. 
 

𝑀𝑀𝑏𝑏 = 𝑀𝑀𝑚𝑚 + 𝑀𝑀𝑎𝑎 = 128 ∙ 2.7 + 37 ∙ 2.98 ≈ 463 𝑁𝑁𝑚𝑚 
 
The bending stress acting on the pole from wind load is then estimated with Eq.3 [40] 
 
𝜎𝜎𝑏𝑏 = |𝑀𝑀𝑏𝑏|

𝑊𝑊𝑏𝑏
      [Eq.3] 

 
In which 𝑊𝑊𝑏𝑏 for a cylinder is given by Eq.4 [40] 
 
𝑊𝑊𝑏𝑏 = 𝜋𝜋(𝐷𝐷4−𝑑𝑑4)

32∙𝐷𝐷
     [Eq.4] 

 
Table 31 Calculated bending stress from estimated forcing acting on a pole with 60 mm 
diameter and 3 mm wall thickness assuming it is fixed in the bottom. 

𝜎𝜎𝑏𝑏 [𝑀𝑀𝑃𝑃𝑀𝑀] 𝑊𝑊𝑏𝑏 [𝑚𝑚3] 𝐷𝐷 [𝑚𝑚] 𝐶𝐶[𝑚𝑚] 
63 7.3 ∙ 10−6 0.06 0.054 

 
Aluminum having a yield limit of around 70 MPa could thus withstand the loading from the wind. 
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