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SAMMANFATTNING 

Byggindustrin har inte sett samma tillväxt i produktivitet som 

t.ex. Tillverknings- och bilindustrin. Detta beror på att det är lätt 

att implementera automatisering och robotik i de senare nämnda 

industrierna. Nu, mer än förr när urbaniseringen är stigande, finns 

det ett starkt behov av att öka effektiviteten inom Byggindustrin. 

Det är därför innehållet av forskningsfrågan involverar finnandet 

av en komplementär lösning vars uppgift är att hjälpa autonoma 

byggmaskiner i dynamiska byggplatser. Syftet är genomsyrat av 

två visioner. Den första är att ha autonoma byggmaskiner som 

samarbetar med människor i de mest avlägsna områdena i 

världen. Den andra visionen är på flera och mindre byggmaskiner 

är mer fördelaktigt. Detta innebär, några maskinavbrott skulle 

inte stoppa hela byggprocessen. 

 

Under forskningens gång, genom att använda Design Research 

Methodology och Innovation Process, visade data att byggplatser 

är väldigt komplexa. Faktorer som storlek av byggplats, antalet 

involverade arbetare, plats av byggplats, och tidsfas påverkade 

komplexiteten av byggplatsen. Genom de tre fallstudierna vi 

genomförde fanns det olika unika egenskaper, dock fanns ett 

mönster. Alla de nämnda faktorerna spelade en stor roll i vilka 

behov som uttrycktes av de intervjuade. Ju mer komplex en 

byggarbetsplats var, ju större var behovet att kunna organisera 

material-, personal- och verktygsflöde. Därför blev den slutgiltiga 

lösningen att decentralisera informationsflödet av byggplatsen. 

Vilket innebär att alla människor, maskiner och material på 

byggplatsen ska kunna kommunicera sin information. Den 

föreslagna lösningen är att använda en tagg med GPS och Wi-Fi 

för att kommunicera och tillhandahålla nödvändig information. 

Därmed, när taggen fasts på ett material, kan arbetarna och 

byggmaskinerna veta dess information. 

 

Analogin är att när implementeringen av autonoma maskiner har 

tagit fart, kommer byggplatserna behöva vara förberedda för alla 

de eventuella problemen. Eftersom de autonoma byggmaskinerna 

kommer att fungera tillsammans med människor, betyder det att 

de problem som uttrycks idag kommer att visas i framtiden. 

Eftersom implementationen av autonomi och robotik har varit 

långsamt för byggindustrin, finns det ett synligt behov för en 

komplementär lösning för att accelerera processen. Genom att 

decentralisera byggarbetsplatsen och implementera taggar på 

varje intressant punkt blir den komplexa och förändrade 

byggplatsen en helt digitaliserad infrastruktur. 

 

Nyckelord: Autonomi, Konstruktion, Material, Maskiner
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SUMMARY 

The construction industry has not seen the same growth in 

productivity as e.g. the manufacturing-  and automobile industry. 

This is largely due to the ease of implementing automation and 

robotics in the latter mentioned industries. Now more than before 

when the urbanization rate is increasing, there is a strong need in 

increasing the efficiency of the construction industry. That is why 

the research questions of this thesis work involves finding a 

complementary solution that will help autonomous construction 

machines operate in a dynamic construction site. The aim is 

permeated by two visions. The first one being to have 

autonomous construction machines collaborating with humans in 

the most remote places in the world. The second vision is that 

multiple smaller construction machines is more beneficial. 

Meaning a few machine breakdowns would not halt the entire 

construction process. 

 

During the research work, using the design research methodology 

and the innovation process, data showed that a construction site 

is very dynamic and complex. Having a change in factors such as 

size of construction site, number of involved stakeholders, 

location of the construction site, and time phase heavily affects 

the complexity of the site. Throughout the three case studies there 

were different characteristics, but there was a pattern. All the 

mentioned factors played a huge role in what needs expressed by 

the interviewees. The more complex a site was, the more there 

was a need to organize the material, personnel and machine flow. 

Therefore, the final solution is to decentralize the information 

flow of the construction site. Meaning that all humans, machines 

and material on site is to communicate its information. The 

suggested solution is the usage of a tag using GPS and Wi-Fi to 

communicate location and the necessary information. Thus, when 

attaching the tag onto a material, the workers and the machine 

will know of its information. 

 

The analogy is that when the implementation of autonomous 

machines is up to pace, the sites need to be prepared with all the 

errors and issues that might come with it. Since the autonomous 

construction machines will be collaborating with humans, it 

means that the issues expressed today will reappear in the future. 

Also, since the implementation of autonomy and robotics has 

been slow for the construction industry, there is a clear need of a 

complementary solution to speed up the process. By 

decentralizing the construction site and implementing tags on 

each interesting point, the once complex and changing 

construction site, will turn into a fully digitized infrastructure. 

 

Keywords: Autonomy, construction, material, machines 
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NOMENCLATURE 

 

Construction site 

An area reserved for a construction project to take place and a 

structure to be built 

 

Construction machine 

Machine used specifically for construction, e.g. wheel-loader, 

excavator, hauler and drill. 

 

Autonomy and robotics 

An integration between software and hardware to make the 

hardware perform certain tasks based on sensors, input and/or 

algorithms 

 

Design research methodology 

A methodology for design research with scientific anchorage 

 

FAST 

Function Analysis System Technique 

 

IP standards 

A housing standard to tell if an enclosure has good enough 

housing to withstand e.g. water and/or dust 

 

Raspberry Pi Zero 

A small sized computer based microcontroller (small sized 

compared to the Raspberry PI) 

 

PaPiRus Zero 

An e-ink screen fit for the RPi Zero. The e-ink screen technology 

demand current only to change text. 

 

Abbreviations 

CS Construction Site 

CM Construction Machine 

CI Construction Industry 

FAST Functional Analysis System 

Technique 

DRM Design Research Methodology 

GPS Global Positioning System 

RPi Raspberry Pi 

PCB Printed Circuit Board 

CAD Computer Aided Design 
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1 INTRODUCTION   

The evolution of society is continuously heading for automation, 

which in turns increases productivity, quality and safety 

[13][31][35]. This means that the relation between man and 

machine is shifting from human and tool to a collaborative 

relation between colleagues [31]. This translates to new 

opportunities and a need for innovation. In recent years, the 

leading construction equipment companies, Volvo CE being one 

of them, have been striving toward automating machine activities 

on a site [7]. However, the autonomous machines that are 

available today can only do simple tasks and navigate through 

open areas such as mining sites [13][31]. There are present 

researches that put effort in trying to implement lean perspective 

in material handling and streamlining the planning of the 

construction site [11][12][24]. However this has not been 

successful, when seeing the increase in productivity in the 

construction industry over the years comparing with e.g. the 

manufacturing industry [13][35]. Furthermore, both the present 

and the future market requires machines that can navigate through 

a remote site independently of human interaction. The businesses 

of today predict that the right path to the future is smaller and 

electrified machines, which translates to less material heavy and 

decentralized solutions. Having smaller machines reduces the 

impact of a breakdown during production, which applies to all 

smaller and decentralized systems. When a component in the 

system breaks down the workflow will continue with adaptation 

to the number of components.  

  

1.1 Need for machines to navigate through 

remote areas  

As all aspects of work is being globalized, so does peoples’ 

mindset. Seeing possibilities in working in more convenient 

places (better weather, better labor laws etc.), will leave certain 

markets unattractive. Through conducted interviews, it was 

learned that countries such as Australia was not considered an 

attractive place to work in as a construction worker because of the 

heat and aridity [9]. This is just a simple example of how the need 

for machines to function in "remote" places. Another example can 

be built upon a report from UN [16], which implies on an ongoing 

increase in worldwide urbanization. The cities that are built today, 

are not enough to house all people. Therefore, more requests in 

building projects will emerge. As the more "convenient" places 

are filled with buildings, the more "remote" places will be the next 

target.  

  

As mentioned before, the construction industry is aiming to 

implement autonomy in the future sites. The plan is to deploy 
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these machines on sites to reduce the impact of human factors 

such as, fatigue, errors, mistakes and susceptibility to outer 

elements [40]. With these factors eliminated and the cost reduced 

it comes to how smart the machine is [41]. When it comes to e.g. 

construction sites, a machine that can only drive from A to B 

autonomously does not add enough value [31][32]. However, a 

machine that can autonomously identify nearby objects and 

elements is a smart machine [42]. In this case a task list can be 

provided for the machine and the machine can carry out the tasks 

navigating by itself.  

 

1.2 Aim 

In both present and projected future construction sites, a good 

way of organizing a site is needed. In present construction sites, 

there are needs to organize the material usage and placement, as 

well as the positioning of vehicles. In future scenarios, the 

autonomous machines are predicted to be more in numbers [13]. 

Still, a machine being autonomous is not enough for a machine to 

function in an unknown environment. Rather, it will need to do 

intelligent decision through data extraction.  

 

The need to build is continuously growing since the population of 

the world is growing proportionally, which means that 

construction need to be happening continuously to be able to 

house this growth of population in urban areas [16]. To be able to 

construct housing proportionally to the population growth, the 

efficiency of the construction processes need to be growing 

accordingly. This has however not been the case, the productivity 

of the construction industry in Europe have increased with only a 

factor of ~1.05 from year 1991 [13]. However, the automobile 

and manufacturing industries productivity have been growing 

more, and one of the biggest reasons is the implementation of 

automation and robotics. For the construction industry, cannot 

follow the same trend easily, since there is so much complexity 

in a construction site, one of them being many different 

competences involves, it is much harder to implement. 

 

The aim of this thesis is based on the need for better efficiency 

and productivity in the construction business. The urban areas are 

expanding, which means that the more remote locations are being 

urbanized. This leads the first vision to achieve a first step toward 

autonomous machines that can deploy to a remote location and 

work within the area with small interactions with humans.  

 

Furthermore, there are noticeable advantages with using many 

and smaller construction machines on site. The smaller machines 

can be powered using an efficient electrical motor, compared with 

the combustion engine. Also, including multiple smaller 

machines in the process mean that one machine breakdown will 
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not halt the process. This leads to the second vision to achieve 

cooperation and better awareness between smaller, autonomous 

machines on construction sites. 

 

Therefore, the aim of this thesis is to create a solution that will 

help in achieving the two mentioned visions and thus taking a step 

in making the machine act intelligently. Meaning it can adapt to 

changing infrastructure and through smart data extraction make 

the intelligent moves. The solution is to help in organizing a 

construction site through an interactive digitized system. 

Different materials on site will be visible for machine and 

workers, with different relevant data will be accessible through a 

suitable platform. How the material and data will be visualized, 

which information is relevant and what convenient technology to 

use will be analyzed through this thesis. 

 

The solution should, to a certain degree, be independent of other 

machinery and human interaction. Collaboration is still desirable, 

therefore a balance between independence and collaboration 

should be found. With the desired aspects in mind, the final 

product/service should be applicable in future- as well as in 

today’s environments.    

 

1.3 Technical problems and research question  

 Having a vision towards multiple autonomous machines 

in a construction site, how can we implement a solution 

that will help in organizing such infrastructure?  

 What complementary solution can we add to an 

autonomous machine to make it aware of material in its 

surroundings? 

 

1.4 Delimitations 

The case studies done during this thesis will be either in Sweden 

and USA, which in turn means that only the arguments for the 

solution will be based on the needs from the construction sites 

from these two countries. Even though there will be references 

from documents containing information of construction sites in 

other countries, they will not provide the same type of quality 

analysis as the ones from the case studies. 

 

Seen further down in Technical problems the questions that will 

be covered, considers mainly automation. This technology is 

relatively new, compared to other existing technologies. 

However, using a foresight strategy we can see trends that shows 

interests in autonomy. Therefore, the eventual suggested solution 

will involve technologies that are not fully developed in present 

time, but based on constructive argument with references, will be 
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considered credible. Our method to extract results within this 

field will involve humans and not automated machines, but is 

considered adequate since the future automated machine will 

interact in a human's job.  
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2 PILOT STUDY  

Our master thesis is based a project that we and two other BTH-

students are conducting for Volvo CE in collaboration with four 

Stanford University students. The challenge, obtained from 

Volvo CE, was to develop a system incorporating the prompt's 

essence: “from elephants to ants – from earth to mars". Even 

though vaguely defined the prompt had a meaning. From 

elephants to ants, meant the desire to have multiple smaller 

machines working together. The reduced size would mean that 

the machines could be operated with a more efficient electric 

motor and the increase in numbers would mean that one machine 

breakdown would not halt the work flow. From Earth to Mars, 

meant the need to be able to autonomously operate machines in 

remote places, such as Siberia or deserts of Sahara. Based on the 

team's interpretation, the solution was not necessarily meant to be 

a machine, but a solution that can enable implementation of 

multiple smaller machines in remote locations. The student 

groups worked cooperatively to provide a solution suiting both 

Volvo CE and their potential market.   

  

2.1 Volvo Construction Equipment  

When the global industrialization started accelerating in the mid 

1800’s the technology had to adapt and improve quickly to suit 

the needs of industries. This caused the city of Eskilstuna to 

assign Johan T. Munktell to start an engineering workshop. The 

workshop was meant to provide the agricultural field with 

machinery for faster production, which it succeeded with. 

Munktell managed to provide the industry with extraordinary and 

highly competent machinery. His competence stretched far across 

fields and he kept delivering successful engineering projects. 

About half a century after the death of Munktell the merge of BM 

and Munktell occurred, which is then bought by Volvo year 1953. 

The successful machine concept of the articulated hauler [18]. 

 

Today Volvo CE is one of the world leading construction 

equipment manufacturers. With high regards in quality, safety 

and sustainability they provide the world with a variety of highly 

competent machinery. Going forward Volvo CE sees the 

opportunities in the future with autonomous construction 

equipment, which the company has tirelessly pursued. 
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3 KNOWLEDGE DOMAINS 

Each industry has its own problems. The same is the case for the 

construction industry. One of the problems that is often 

highlighted is known by many words. Complex, unpredictable, 

non-linear and dynamic are the ones mentioned. Sven Bertelsen 

[21] has written a paper devoted to explaining that a construction 

site must be seen as complex in order to understand it. In 

Bertelsen’s paper, he explains how these complexities can be seen 

through three different perspectives. The first one is that a 

construction project is an assembly-like process, where many 

suppliers are to be involved. The involved people constantly 

change, both in competence and numbers. In turn this lead to an 

unpredictable flow of people, tools and material entering and 

being stored at the site. The second perspective is that in a large 

construction project there are several subcontractors involved 

within different active sub-project within the site. This creates a 

fragmented working place and thus difficulties redistributing 

production capacity. Final perspective that Bertelsen discusses is 

that because of the fragmented work place, the loyalty of the 

workers is divided between their own firm and the job at hand. 

This in turn lead to work on site being done to satisfy the sub-

contractor and not the construction site as in whole. 

These perspectives are however not the only ones. Guzman and 

Malcolm discuss tangible complexities of the construction sites 

[31]. They raise examples such as: operation moving from place 

to place, temporary storage zones, varied weather conditions, 

large temperature shifts, and tasks being not only in different 

horizontal locations, but also vertical. 

 

Non-linearity and dynamics are two key words used in Balaguer 

and Abderrahims paper about trends in robotics and automation 

in construction [13]. They show existing technologies within the 

robotics and automation industry, and how they can be 

implemented in different construction sites of today. Examples of 

automated machines from the paper are sensor-based compactor, 

climbing inspection robot and wall assembly robot. However, 

much like these examples and more from the paper, these 

automations are of processes that predictable. These examples 

suggest that there do not seem to be any issue in automating 

simple small processes, but there is significant increase in 

complexity when trying to automate larger processes contained 

multiple sub-processes. Within the IT application, they suggest 

usage of tags to make a construction site “part-oriented”. 

However, the suggested application is to link fixed and temporary 

facilities of construction sites with a human operator, meaning 

that the known information is of man and machine. 
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The dynamic and complex behavior of the construction industry 

can be seen through the comparison with the manufacturing 

industry. Seen in figure 3.1, taken from Balaguer and Abderrahim 

[13], is a comparison of productivity growth between automobile 

and construction industry. The y-axis shows the factor in growth, 

starting from year 1991. The x-axis shows the yard the 

productivity been measured from 1991 to 2000. Both Balaguer 

and Abderrahim, and Thomas Bock [35] suggest that an 

important factor to the increase in growth of other industries is 

the implementation of automation and robotics. This suggestion 

could be considered vague, since there are multiple factors that 

play a role in industries increase in productivity. However, 

considering major implementation of automation and robotics in 

e.g. automobile and construction sites, it indicates that there is a 

value in automating processes. Also, considering that there have 

been attempts in automating smaller processes within the 

construction industry, indicates that there is a will to implement 

automation. But, as discussed, because of the complexity in the 

construction industry this implementation is considerable harder. 

 

 
Figure 3.1: comparison in labor productivity growth over the 

years [13] 

 

There are however papers, that suggests how automated vehicle 

should be implemented in a construction site. One of them being 

Guzman and Malcolm’s paper of Autonomous vehicles in the 

construction process [31]. They have elaborated explanations on 

what an automated vehicle needs, which in their paper they call 

an “Autonomous Unmanned Ground Vehicle (AUGV)”. figure 

3.2 below explains how they mean that a machine essentially 

should function in a relation to a human, forming a “Man-

Machine Team”. They also explain the different constraints that 

an autonomous vehicle would have in the construction site, which 

they describe as a hostile environment. The constraints are 

presented in table 3.1 below. 
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Table 3.1: constraints that affect autonomous machine within 

construction site [31] 

Applications environment Meteorological conditions. 

Severe changes in 

temperature, sudden wind 

gust and rain, and 

disturbances from 

unexpected presence. 

Mobility Robots stability must 

withstand load variations. 

Size and weight Size and weight of machine 

must be compatible with the 

dimension of the task at 

hand. 

Logistics and material handling The machines must be self-

powered and means to 

provide them with material 

must be handled. 

Workload Handled construction 

equipment can be large, 

heavy and have different 

shapes. Machine must be 

able to handle all types. 

Operatives Multiple parts involved in a 

construction project created 

uncertainties within the site 

 

 
Figure 3.2: relation between human and autonomous machine 
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3.1 Technologies for positioning 

 

Global positioning system, GPS, was one of the first systems to 

be implemented worldwide by companies. It can output data such 

as latitude, longitude, altitude and timestamps. Still, being one of 

the oldest positioning technologies, it has its restrictions, e.g. the 

positioning in shadows, and the altitude and restrictions in indoor 

applications. In-door positioning being the major one [14]. 

Simple structures like walls and roofs, easily obstruct the GPS 

signals and ruins the positioning of the used system. 

 

For indoor positioning Wi-Fi is used. Except for being one the 

leading data transferring system humans use in their everyday-

life, Wi-Fi can give positioning. The two known technologies are: 

triangulation and the more accurate fingerprinting [14] [15]. The 

Wi-Fi solution works very well indoors compared to the GPS 

signal. It works as a complement to mobile phones, used every 

day in Google maps, checking in, logging runs etc. However, 

without the GPS, the Wi-Fi solution losses much of its accuracy, 

almost 10 times [14]. Also, without access points the Wi-Fi 

positioning system will not work at all. That means that the 

solution is very depending on a working infrastructure. That issue 

is solved for the GPS technology by having satellites floating in 

space. 

 

3.2 Technologies for communication between 

devices 

As mentioned, Wi-Fi is one of the leading data transferring 

systems available today. The Wi-Fi system is based on a WLAN 

(Wireless Local Area Network). There are other technologies to 

communicate data: Bluetooth, cellular and RFID (Radio 

Frequency Identification) being some of them. For the Wi-Fi 

system, to continuously send and receive information, a 

functional database is needed in the same network. Meaning, just 

as the previous section, that this solution is very dependent on a 

working infrastructure prepared for the Wi-Fi system. 

  



 

10 

 

4 METHOD 

The methodologies and strategies mentioned in this chapter are 

all fitting for this research. However, they are adjusted and 

customized to fit together with each other and provide the 

research with maximized value. 

 

4.1 Design Research Methodology (DRM)             

The main research methodology used during this master thesis 

work is the design research methodology provided by Blessing & 

Chakrabartri (2009) [20], which incorporates specific steps 

iteratively to achieve optimal results. This approach is specially 

designed for design processes aiming to satisfy a need with a 

product or a service. The need in this context was expressed by 

Volvo CE initially in the form of a prompt (elephants to ants - 

from earth to mars), which then translates into goals and modified 

with the internal and external users’ and stakeholders’ needs. 

Being a design methodology, this approach demands thorough 

justification in all relevant aspects affecting the final solution. To 

achieve justification in all terms, the researcher(s) need to gather 

knowledge from diverse areas, which results in clearer goals. The 

knowledge found need validation and understanding in the form 

of interpretation and scientific anchoring. If the knowledge 

cannot be found or is unavailable, valid assumptions should be 

made and justified with factors or indications from literature that 

supports the assumptions. According to Blessing, Chakrabarti 

[20] design research has two main objectives, quoted: 

 

“1. the formulation and validation of models and theories about 

the 

phenomenon of design with all its facets (people, product, 

knowledge/methods/tools, organization, micro-economy and 

macro economy, ... and 

2. the development and validation of support founded on these 

models and 

theories, in” 

The economic parts, as mentioned in delimitations, is mildly 

considered. 

 

For the methodology, itself, a framework is offered by Blessing 

and Chakrabarti (2009) [20] that allows researchers to 

systematically implement the design methodology, see figure 4.1 

below. However, this methodology is used as a research 

framework while the approach for each step is mainly the design 

thinking approach with value engineering tools. 
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Figure 4.1: framework for DRM [20] 

 

The reason behind this usage of steps can be seen in chapter 4.1.1 

where the research type is chosen with regards to suitability for 

the project in the scope. Furthermore, the type of design research 

within this framework was chosen out of 7 possible types (see 

figure 4.2 below). These types give three ways of studies of 

executing the steps within the DRM; review-based, 

comprehensive and initial. A review based study is meant to base 

the execution of the step entirely on literature, while a 

comprehensive study is meant to be based on literature and 

empirical study to develop a design to evaluate. An initial study 

closes the project and shows the results and the outcomes of them 

as well as prepare them to be used by others. 

 

Table 3.2: types of design researches [20] 

Research 

Clarificaion 

Descriptive 

Study I 

Prescriptive 

Study 

Descriptive 

Study II 

1.Review-

based 

Comprehensive   

2.Review-

based 

Comprehensive Initial  

3.Review-

based 

Review-based Comprehensive Initial 

4.Review-

based 

Review-based Review-based 

Initial/ 

Comprehensive 

Comprehensive 

5.Review-

based 

Comprehensive Comprehensive Initial 

6.Review-

based 

Review-based Comprehensive Comprehensive 

7.Review-

based 

Comprehensive Comprehensive Comprehensive 
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The choice for this research project fell on the 5th type of design 

research due to suitability in regards of meaning and time frame. 

Furthermore, since this methodology is tailored to be aimed 

toward researches rather than a product development project, this 

research adjusted the steps regarding the innovation process [2] 

and design thinking [6]. 

 

As it is encouraged to adjust the weight and time effort put into 

each step depending on the needs and type of the project, this will 

be done in a fashion shown in figure 4.3 below.  

 
Figure 4.3: time and effort put into each step 

 

Since the project demands more emphasis on the development of 

a suiting product for the market, it is more suiting for the research 

to emphasize on the DS-1 and PS steps.  

 

4.1.1 Research Clarification 

In this stage of the DRM the researchers aim to find evidence or 

indications that supports the assumptions or hypothetical goal 

made. If support for the assumptions is found the formulation of 

a research goal will result in a realistic and worthwhile one. Doing 

so the researchers can continue by setting criteria for the research 

and analyzing the current situation as well as the desired situation. 

The set criterion can be used in the latter parts of the research as 

evaluation points against the outcome of the research. This is, as 

explained above, entirely based on literature reviews. It is not 

fitting for this type of project to entirely base the goals and criteria 

of the project with literature. Furthermore, it is more fitting to 

make the first step mildly comprehensive to get practical 

knowledge. According to Brown T. [6] and Johansson and 

Larsson [2] it is crucial to set an initial goal to elaborate on with 

experience, which can be gathered through interviews and 

observations as well as research of literature. As the knowledge 

increases the goal and criteria will be refined, which is agreed 

upon by Blessing and Chakrabarti. 

 

In this step Blessing and Chakrabarti assume that the researchers 

already have a set goal to adjust. This is not true for this project, 

since the wide prompt given by VCE already set the boundaries 

although these are opening a wide area. A given prompt meant 

having to work within the wide boundaries of the prompt to find 

an area to attack and solve a problem within. This meant that a 

problem need to be defined, which cannot entirely be based on 
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literature since all problems are not already documented and new 

ones can be found through interviews and observations.  

 

4.1.2 Descriptive Study I (DS-I) 

The second stage of the DRM framework is the first descriptive 

study. Here the researcher further elaborates on the current 

situation by locating factors that influences the goals and the 

initial description. When this is done, the expectation is to have a 

clearer description of tasks. However, it is crucial for the 

researcher(s) to find empirical data by observing and interviewing 

stakeholders to further establish the current situation description 

and its factors, for the later step (PS) to be based on. 

 

This step in the methodology was initiated with the research 

around the designated area of the current concept. A clearer view 

was gained through the gathering of data through interviews and 

observations. The crucial factors and critical points with which 

the current situation works were located and mapped out.  

 

4.1.3 Prescriptive Study (PS) 

In the third step of the framework the researchers leverage the 

previously gained knowledge to adjust the goals of the research. 

When the goals are clear and suiting for the research the 

researchers choose the right factors to be changed to achieve the 

desired and improved situation. These changes of the factors can 

be done in various ways, which the researchers clarify with 

different scenarios. The most promising factor is then chosen to 

be approached. The main reasons behind this step is to reduce the 

number of modifications, reduce design time, shorten time-to-

market and increase product success by increasing the profit.  

 

In this step, leveraging the knowledge gained, the research 

continued to create concepts for the solution of the factors toward 

the desired situation. When the concepts were created, and 

compiled, the research around the most promising solution could 

commence. This means that the concepts were evaluated in the 

extent of which they could potentially solve the factors toward 

the desired situation. 

 

4.1.4 Descriptive Study II (DS-II) 

The fourth and final step of the DRM is meant to determine the 

impact of the solution, whether it has solved the problem and in 

which extent it has realized the desired situation. It is in this step 

where the solution can be evaluated against the set criteria that 

were initially set. 

 

In this methodology, the DS-II is meant to evaluate the outcome 

of a design support for design research, this translates to 

evaluating the final solution meant to solve the set problem and 
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whether it fits with the criteria or not. The DS-II was implemented 

to control if the most promising concept from the PS solved the 

factors they were meant to solve. Lastly the concepts that could 

solve the factors were crossed through the criteria for final 

decisions.  

 

4.2 The innovation and design process  

For a design process aiming to provide a product within a bigger 

project there is a need to do small iterations within each step of 

the product development process. It is therefore suitable to utilize 

the innovation process, which is based on design thinking [6] for 

these small iterations that results in a better refined solution. 

  

4.2.1 Initiation 

In this phase the team of designers are meant to clarify goals and 

expectations as a team [2], which is done in a “How Might We? 

(HMW)” matter. This question aims to give the project a direction 

in which research can be done. The question should neither be too 

broad or to narrow, to avoid uncertainty of where to start and 

creativity limiting. This question is meant to evolve as the 

knowledge of the problem increases.  

  

A HMW was set, which fits in both Johansson and Larsson’s [2] 

as well as Brown’s [6] approach. With the HMW as a starting 

point the research around the current situation and the desired 

situation could be determined. The research around the current 

situation within the scope of the HMW involved; field studies and 

visits, research in literature and interviews with stakeholders. 

However, these activities were meant to gather general 

information within the scope of the HMW rather than gathering 

data points for a certain concept or design.  For every data point 

gathered and synthesized the HMW was changed to suit the new 

data points found.  

 

4.2.2 Inspiration 

In this phase, the designers gather information and data points of 

the stakeholders, the current and future technologies and trends 

and the needs the stakeholders have. According to Parnaik & 

Becker [38], needs are longer lasting than the solution itself as 

well as opportunities for companies to explore. The best way to 

gather needs is to ask and observe the user/product in action [6]. 

The need finding itself should never stop iterating since the needs 

are many and can be viewed from different point of views 

depending on the knowledge gained.  

 

When all these steps were gone through a clearer view of the 

needs for the current situation and how they translate into future 

possibilities is desired. Going through these steps iteratively led 

the research toward material handling and organization on site, 
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which was cemented by the literature and researches trying to 

solve these problems [11][12]. Due to the dynamic nature of the 

construction site, these researchers aim to implement lean and 

streamline the production from the start phase to the end. 

However, the research, through interviews and observations, 

found that these type of planning issues are not implemented 

fundamentally during the production phase of construction sites. 

The reason behind the lack of enthusiasm for change in 

construction sites is mainly due to unpredictability, which makes 

the researches trying to predict events during production less 

valuable [20]. If the fact that the construction site is unpredictable 

is included in the process of finding a solution, the solution will 

be more total. Furthermore, it was clarified through statements 

from a VCE liaison that the autonomous vehicles need a pre-set 

infrastructure as well as a task list to work autonomously. Out of 

these data points the research could pivot into the field of site 

organization and information handling. Here the final iteration 

within the DS-I was complete and the current situation could be 

mapped out with the problems for future sites implementing 

autonomous construction equipment pointed out.  

 

4.2.3. Ideation 

As insights and knowledge is gained from previous steps, the 

desired situation and it factors need to be assessed. This is done 

in two different levels; in a systems level - where the researchers 

pinpoint the desired situation [20] and solution level - where the 

factors that need to be solved are addressed with ideas for 

solutions. According to Johansson and Larsson [2] it is meant to 

have the “how it is today” and strive to achieve “how it will be 

tomorrow”. However, this is supposed to be done iteratively by 

diverting and converging. When the research diverges, it is meant 

to cover as much exploring ground as possible with ideation 

sessions aiming for quantitative ideation results. The diversion 

ends when the researchers conclude that enough ground is 

covered regarding the time restrictions of the project. Then the 

converging commences with evaluation and decision making 

with set criteria received from previous steps. It is however 

suggested that the research iterates the diversion and conversion 

with preparation for user testing to achieve maximum value from 

the ideation step. 

 

In this step, the research aimed to capture the need data gathered 

from interviews and observations in ideas. It was already 

determined that the site needed to be organized and prepared to 

minimize uncertainties and set infrastructure for autonomous 

vehicles. Therefore, ideas within this area was generated in 

brainstorming sessions using different methods to raise the level 

of creativity. The first ideas were generated and they were chosen 

with the criteria set from previous steps as well as the 3 main 

criteria for design thinking [6]; desirability, feasibility, and 
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viability. Meaning that the ideas had to be; desirable - wanted by 

the current and future users and situations, feasible - possible to 

make and implement, viable - profitable for the group and 

situation in the scope.  

 

4.2.4. Implementation 

With the ideas synthesized and converged into a single purpose 

concepts incorporating the essence of the ideas are generated. 

When concepts are generated they are to be evaluated and 

validated through user testing. If the concept is to fail in one of 

the criteria, the other concepts should be tested. The concepts that 

are promising are later prototyped and showcased to users and 

stakeholders for further feedback and subsequent refinement. In 

this case prototype, can come in three major types; visual 

prototypes - showing the looks of a concept, tangible prototype - 

showcasing the feel and way of usage, experience prototype - 

showing the entirety of the final product. When these are gone 

through, iterations are suggested and encouraged.  

 

Concepts within the desired situation was generated in this step, 

which were then built into prototypes. Rapid prototyping was 

used to achieve as much validated learning as possible, which 

means that the prototypes were done mainly to convey the 

essence of the concept and gather insights from stakeholders. 

When those are gathered, the next prototype was built and this 

methodology was used until enough knowledge was achieved. 

4.2.4.1. FAST-diagram 

The FAST-diagram (function analysis system technique), was 

invented in 1964 by Charles Bytheway, is an approach that 

pinpoints the truly important functions that a product or system 

need to perform [8]. While mapping the important functions, it is 

meant to provide a how/why relationship between each function. 

It has been used ever since 1964 by teams and individuals that 

need to graphically link functions and figure out how they would 

work together to deliver the core of the idea. By focusing on the 

functions in a system the teams using the FAST-diagram can 

easily remove the constraints of the thoughts of physical features, 

which clarifies the path to a solution.  

 

The FAST-diagram is meant to be written from right to left 

instead of the conventional left to right way, see figure 4.5 below 

[8].  
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Figure 4.4: framework for FAST-diagram [8] 

 

The purpose of the flip is to disrupt teams of their conventional 

ways of working and making them think in a more abstract level. 

To limit the descriptions and keep the level of abstractness each 

function should be described with two words, a verb and a 

measurable noun. This method was used to determine the 

functions and factors which the concept and prototype is meant to 

have and solve. 

 

4.3 Literature Research 

Utilizing the DRM framework and the innovation process sets the 

stage for the literature research. However, the aim for the 

literature research was determined by the course of the design 

process and the status of the project. Depending on what need the 

research was investigating and ideating upon, the research aimed 

for the area of that particular need. Furthermore, the literature 

research only aimed for the essence of the knowledge within the 

research paper [25]. The literature was mainly found through 

databases due to the suitability and availability at any given time. 

 

The process would go through each step of the innovation process 

and the DRM. As the observations and interviews worked to 

provide the research with information [20], new keywords and 

knowledge emerged, which was then investigated through 

literature. However, this was changed if the knowledge gained 

from the observations and interviews pivoted the direction of the 

project to another area of the construction business. In this case 

the literature was laying the foundation for the investigation 

rather than verifying it. Keywords that emerged during interviews 

and observations were: communication channels, lean, planning, 

autonomous construction, autonomy.  
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4.4. Research approach 

The research approach will impact the width of the scope for the 

research, which is determined by the questions and directions set 

by the researcher. Furthermore, it is the actual width of the 

question for the research that determines the width and the 

boundaries of the area of investigation [26]. Therefore, the scope 

in which this research worked in was determined by the 

qualitative study’s questions and data analysis. The result of the 

study will however be improved if the method is concrete [28], 

which contributed to the fact that this research aimed to set the 

stage of the studies before applying them. However, the width of 

the scope was expanded and retracted depending on the level of 

knowledge the researchers had within the field. It is important for 

a design process to diverge and converge within the fields of 

investigation to be successful in the need finding phase [2][6]. 

The research approach is the higher level of methodology.  

 

4.4.1. Inductive and deductive research strategy 

The DRM generates the need for an inductive and deductive 

strategy, which is, regardless of the strategy, meant to link theory 

with reality. Olsson and Sörensen mention that these two 

strategies are linked to either qualitative or quantitative strategies 

and are determined by the aim of the research. The researchers 

are setting the stage for themselves by questioning and how the 

questions are presented. For these questions to be legitimate, 

Olsson and Sörensen recommend the inductive and deductive 

research strategy [28]. 

 

For the inductive strategy, the researcher determines the field of 

research through observations of phenomena occurring in the 

particular field. The observations are then compiled and 

interpreted to form a theory. This strategy is most suited to be 

used in qualitative research according to Olsson and Sörensen 

[28].  

 

For the deductive strategy, the researcher bases their theory on 

literature to later go on to creating a hypothesis to answer. Unlike 

the inductive strategy the deductive strategy allows the researcher 

to explore the field and the solutions within to avoid recurrence 

of solutions. Therefore, it is valuable for a researcher that aims to 

provide a project with a product to use both strategies, since the 

project nowadays are most likely to be in-between both strategies 

[28]. 

 

This research utilized both strategies since exploration within the 

field of construction demands fresh solutions. The research 

mainly gathered data through observations and interviews to 

identify phenomena that could be addressed through ideation. 

However, to avoid the ideation to result in concepts resembling 
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existing solutions research in literature was made. The inductive 

strategy was mostly leveraged by the innovation process [2] and 

the deductive strategy by the DRM [21]. The fields in which the 

researchers already had enough information within, gathered 

from liaisons and scholars, were investigated with the inductive 

strategy. Field that were completely new and discovered through 

the inductive strategy were initially explored with literature to 

later lay foundation for further investigation in form of 

observations, interviews and concept generation. 

 

4.4.2. Qualitative and quantitative research strategy 

In the qualitative research strategy, the researcher tries to identify 

and understand occurring phenomena within the field of research. 

Furthermore, the researcher tries to see the phenomena through 

the perspective of the stakeholder within the field. According to 

Jonker and Pennink [27] it is fundamental for the researcher to 

approach “from the inside out” rather than “from the outside in”. 

This translates to the researcher putting themselves in the shoes 

of the stakeholders and create a relationship with them to achieve 

better understanding. This strategy is working with the researcher 

initializing the research with as little prejudice as possible to fully 

understand the behavior within the field. Thus, systematically 

striving to search for the unknown [26]. This research implements 

only the qualitative strategy since it is more fitting for this product 

and system development process. Jonker and Pennink continues 

by suggesting that the researcher should look for convergence in 

the gathered data. If that is the case, then the researcher knows 

that the data is valid and can be interpreted as important [27]. 

 

The quantitative research strategy implies that the researcher 

believes that the understanding and knowledge only can be 

obtained through the researcher. This strategy roughly determines 

if something is occurring or not in terms of numbers. 

Furthermore, this strategy requires the questions to be already 

refined and complete.  

 

The construction equipment area has a wide range of users and 

different ways of usage, which led to the unknown factors being 

scattered and not sufficiently explained in literature. This 

research demanded understanding of behaviors and factors within 

the construction area and thus used the qualitative research 

strategy. Because of the behaviors and phenomena not being clear 

for the initiation of the research a qualitative research strategy 

was fitting.  
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4.5 Data gathering 

The research strategy being a qualitative strategy means that the 

data gathering was mainly done through interviews and 

observations. Further data for justification and control of best 

practice for each iteration was gathered through literature 

research, which can be seen in chapter 3.3. 

 

4.5.1 Interviews 

In a research, the researcher will need to gather knowledge about 

the problem and its surroundings. This is where the interview is 

one of the strongest tool to apply. When using interview as a tool 

for information gathering the researcher can extract information 

not only about the problem sought to solve, but in addition 

information of the current stakeholders’ characteristics and 

thoughts. An interview is a meeting between researcher and a 

stakeholder that can be held in two ways; physical and virtual. By 

physical it is meant that the researcher and the stakeholder meet 

in person and hold a dialog about a certain topic. A virtual 

meeting can be held through phone or email. The physical 

meeting will add more value to the knowledge sought since it 

includes more data points than a virtual one. Data points refers to 

points of which information can be extracted, which in this case 

means by a person talking or writing. Further data points can be 

found when meeting a stakeholder in person where more than the 

stakeholders’ words, such as body language and behavior can be 

conveyed. Therefore, the physical meeting is the one mainly 

sought in this study. 

 

To achieve a good and constructive interview the interviewer 

need to set the stage and make the interviewee feel comfortable 

in expressing themselves. This can be done by not overcrowding 

the interview session, meaning that having a maximum of 3 

interviewers with different roles i.e. note maker, interviewer and 

photographer. Furthermore, the interaction should include a 

personal conversation related to the interviewees personal 

thoughts and character. With the mindset in the right place, the 

questions related to the actual research can be brought up. The 

answers that are provided during the interviews should be 

recorded just as they were provided. Translation and 

interpretation of meaning and subliminal messaging can disrupt 

the whole value of the interview. If the interviewer has some 

uncertainties regarding the answer, then the question should be 

asked a different way to get a more direct answer. Lastly the 

interviewee should have the chance to finish talking about the 

question before the interviewer proceeds with the next one. 

 

The questions should be predetermined and thought through 

thoroughly in the matter that they do not direct the interviewees 
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answers to a certain answer. Furthermore, avoiding yes or no 

questions is crucial for the interview to provide a flowing dialog.  

 

The interviews were held mostly during physical meetings, which 

were held during site visits and meetings with stakeholders. These 

were meant to increase the knowledge base and were based on the 

questions that occurred during literature research. A total of six 

interviews were held. Three of these interviews were held with 

construction site stakeholders to receive information about the 

dynamic nature and how that is affecting the work sites. 

Furthermore, two of the interviews were held in mining sites to 

gather information on how the mining sites differs from the 

construction sites and what it is that makes them less dynamic and 

more streamlined. Lastly the final interview was held with an 

expert within the area of machinery and autonomy to receive 

information about the development of these that cannot be found 

in literature. 

 

The interviews were concluded after the preset questions were 

answered. However, the talks continued with the interviewees 

who continued expressing needs and wishes that would make 

their work easier. These needs were also recorded and considered 

when gathering the data for further evaluation. 

 

4.5.2. Observations 

To add another data point and strengthen the need finding the 

observations should complement and build upon the data from 

interviews [29]. Observations can be made through all senses 

[29], which means that the recording of these observations should 

be done individually for each member of the research group. 

Eventually the group must present the observations done for each 

other while interpreting them into needs and criteria. 

Interpretation of the observations and interview answers is crucial 

because of humans changing their mind. If the data is transformed 

into needs [29], it is longer lasting than only the spoken word or 

the observation of a certain event.  

 

Observations can come in different forms i.e. events, behaviors 

and relationship between needs and cultures. To be able to record 

them they should either be visualized or written to be transformed 

into needs. Lastly the findings need to be prioritized to work as a 

base for future functionality determination of implementation. 

 

The observations were mainly retrieved during site visits and field 

studies. Here the observations of interesting and re-occurring 

phenomena was sought. When an event that gave the impression 

of such phenomena the interviewees or any person involved in 

that event were asked if this occurred often and what the 

consequences were. However, observations from daily sightings 
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and bypassing of construction sites were also considered when 

synthesizing the data. 

 

4.6 Validated learning 

To validate each result or concept from each iteration within the 

innovation process [2], the guidelines from Furr and Dyer [36] 

was used. Furr and Dyer have, in their book the innovator’s 

method, stated that companies aiming to be successful must offer 

a product that is easy to use and delight the customer in mind [36]. 

They continue by introducing three principles that guides the 

innovators to better understand and find customer needs. The first 

principle is that the innovator need to incorporate is to have 

deeper customer empathy. By this they mean that the potential 

user of the product in focus should be understood in an extent in 

which the innovator understands the user more than they 

understand themselves. The second principle is to try to find as 

many types of solutions as possible, attacking the users’ needs 

from many different perspectives and angles. The third and final 

principle involves experimenting rapidly, often and early with the 

customer to gain knowledge from feedback [36]. These principles 

are aimed to provide the customer with a solution to an 

unexpected need, meaning that the customer themselves did not 

realize that they had the problem [36]. 

 

To cover the previously mentioned principles the research took to 

an iterative process of need finding, idea generation, concept 

generation and user testing. These four steps did not come in that 

particular order due to the fact that need finding keep occurring 

during the user testing sequence as well. The chosen concepts 

were put into reality by rapidly prototyping the core of the 

concept, which Furr and Dyer supports by implying that rapid 

prototyping has a fundamental role in validating concepts and 

hypotheses [36]. These iterations were done in a rapid fashion and 

aimed to gather as much knowledge as possible rather than 

achieve a final solution in the early stages of the time frame. The 

rapid iterations lead to the fact that the prototypes were done in 

different resolutions depending on the desired speed of the 

iterations. In some cases, the functions of the prototypes were 

faked, which Furr and Dyer find beneficial to give a hands-on 

experience to the potential user [36]. 

 

The prototypes were used as for the validation with potential 

users, coaches and people outside of the core customer group. 

Furthermore, they were entirely based on the identified user needs 

during data gathering, interviews, observations and research. 

When the prototypes were shown for validation, the research 

gained knowledge about the current concept at the same time as 

new needs were identified [36]. The simple low-resolution 

prototypes were mostly built in cardboard and glue. The medium 
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and higher resolution prototypes involved 3D-printing and 

software mockups. 

 

To build upon the validation received from prototypes the 

validation of concepts and systems of solutions were discussed 

orally with stakeholders possessing knowledge within the 

construction business. These oral interactions were held during 

site visits, presentations and daily conversations. These provided 

enough feedback for the research to elevate in knowledge and 

continue a suiting path. 

 

The final prototype was presented, during Stanford EXPE 2017, 

to corporate stakeholders as well as potential users in form of site 

managers. Furthermore, this provided feedback that can validate 

the concept and the system in which the tag will work. 
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5 RESULTS  

To effectively implement automated machines in a construction 

site, numerous aspects that needed to be assessed were found. 

These aspects were found during the case study, which is 

explained below. The solution is to be attached, physically or 

virtually, at certain points; essentially working as an information 

and location beacon. Since the case that was studied was a 

construction site, which as previously discussed is very 

unpredictable and dynamic [21], the solution needs to be tailored 

to fit every sub-process within the construction phase. Meaning, 

the solution is to be implemented in a decentralized system for 

the automated machine to gather and understand as much 

information as possible. Within the system, each solution is to 

house a set amount of data points. Depending on what sort of 

automated machine is signaling the solution, it will provide it with 

the relevant information. This will be a step towards solving the 

working conditions within the dynamic and chaotic fashion of the 

construction site, since it will force the actors on the site to 

communicate the necessary knowledge to achieve better 

productivity. As mentioned in theoretical framework the 

construction business has shown a much lower increase in 

productivity compared to other manufacturing businesses.  

 

5.1 Case study 

The case study involved mainly interview and observations 

within construction sites. The full version of the interviews can 

be found in appendix A. Below each study within each 

construction site will be presented as a separate subhead. 

 

5.1.1 Pottholmen; building a new city center 

In this site, the first stages of building residences and a new center 

was ongoing. A total of maximum 3 active projects were recorded 

throughout the observation time (from October to March). The 

construction site is located in between the city center and the road 

to the north part of the town, in an area called Pottholmen. The 

area which the construction site is in, is an active area, where a 

constant consideration must be put in reserving space for 

residence and public transport. Meaning that the workers are 

constrained.  

 

An observation of a truck having to make a full turnaround by 

reversing in the middle of the road was obtained. This led to the 

question “why did this happen?”, to the site manager. The straight 

and direct answer was miscommunication, which happens often 

according to him. He continues by explaining the reason behind 

it by stating: “the roads change multiple times a day and I cannot 
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be everywhere and have eyes on everyone telling them about all 

changes”. This observation and answer cemented the fact that 

construction sites, in smaller scales, are very dynamic. 

 

The material on site was stored outside, at the outskirts of the 

active construction site, and had no order in how it was stored. 

Stored material can be seen in figure B4-5 in appendix B. The 

stored material was stored mainly in two ways: on a pallet (or 

similar stand) or stacked on top of each other. The observation 

made is that even though material is scattered across the 

construction site, material of the same sort is stored together.  

 

Workers on site are divided amongst multiple subcontractors. 

During the observations, asking one worker the whereabouts or 

tasks of another worker led to a question mark. However, when 

speaking to a site manager he knew all about the whereabouts and 

tasks of all active projects within the site. 

 

The extracted needs and problems can be seen in table 5.1. 
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 Table 5.1: identified needs and problems from Karlskrona 

Issue What? Why? So what? 

Communica-

tion issue.  

Telling 

each other 

of changes 

and what 

to do. 

Not on location of event 

or not communicating in 

time. Imbalance and 

misunderstandings be-

tween actors. 

Leading to 

time waste. 

Delays in 

delivery & idle 

machinery. 

Re-planning 

issues. 

Re-

planning 

routes and 

material 

placement. 

Dynamic nature of 

construction site renders 

objects and roads on site 

forced for movement. 

Additional time wasting 

minor tasks for actors 

that could be adding 

value to the production 

instead 

Idle machin-

ery. Idle work-

ers. Time 

waste. Halt in 

work process. 

Material 

placement 

issue  

Material 

scattered 

around the 

site, even 

though they 

are not be-

ing used. 

Because of the 

communication issue and 

the re-planning issue 

forcing hasty movement 

of material. 

Idle machin-

ery. Waiting 

time. Loss of 

material.  

Multiple 

competences 

working for 

different 

subcontrac-

tors. 

Every 

subcontrac

tor doing 

their own 

work, 

ignoring 

the other 

and some 

rules of the 

site. 

They have a specific way 

of working, changing 

that is out of question. 

When asked, they re-

spond “we have always 

worked like this, why 

change now?” 

Wait times. 

Idle machin-

ery. Loss of 

material. 

 

 

5.1.2 Stanford; building a new hospital 

A large-scale construction site in California with approximately 

150 workers was analyzed during the month of April. Unlike the 

construction site in Pottholmen, this construction site was in its 

latter stages, meaning the construction process have passed the 

foundation work and the work on the actual building have started. 

Due to the large size of the construction site, subcontractors are 

hired. Each subcontractor is responsible for a certain type of work 

and thereby the materials he/she buys to complete the work. 

However, in this case the material that is in the construction site 
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does not have a clear method for showing which subcontractor it 

belongs to or even where in the construction site it is.  

 

Material is delivered to the site 40-50 times a day and the delivery 

trucks bring up to 10 different materials. See figure B6 in 

appendix B to see amount of stored material. This created a large 

weight in having control of in- and outflow of material in the 

construction site. Usually the workers unload the material from 

the delivery trucks, but in bigger construction projects, as in the 

one in Stanford, the foreman is assigned with that task. However, 

since it is enough for one foreman to not remove his materials 

from the site, then the work of many other subcontractors can be 

halted. Meaning, that the biggest issue within this large-scale 

construction site is the material and information handling. 

Material is laying on the floor, blocking other work processes, 

and no relevant information can be found about the material.  

 

The extracted needs and problems can be seen in table 5.2. 

 

Table 5.2: identified needs and problems from Stanford 

Issue What? Why? So what? 

Material 

handling 

issues. 

Material being 

in the way of 

others and 

halting work 

processes. 

Knowledge of the 

work schedule 

insufficient for 

subcontractors to 

know where to 

place material. 

Time delays. 

Wait time. Mate-

rial waste. 

Space waste. 

Communi-

cation 

issue. 

Not knowing 

something, 

makes actors 

non-eligible for 

communicating. 

Information of 

events not clear or 

nonexistent. 

Group building. 

Time waste. 

Material waste. 

 

Here, only two major issues were mentioned. This site had the 

same issues as the one in Pottholmen, but magnified and in larger 

extent. From this there is a pattern:  

 

Larger site  larger number of subcontractors   

more workers  more grouping   

worse communication  worse material handling. 
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5.1.3 Blåport; building an apartment complex 

In Blåport, Karlskrona, there is a smaller construction site on a 

small hill. The site was visited during the month of March. There 

they are building an IKEA Boklok apartment. There are around 

50 workers whom work with blasting and other preparation work 

for the apartment complex.  The workers use the Infobric ID06 

[20] for the company to keep track of them. The site is of a smaller 

size, compared to the previous sites presented earlier in the case 

studies. See figure B7 appendix B to see site. The biggest 

challenges and issues with this construction site, as expressed by 

the site manager Christian Fransson, was in the pre-planning 

phase, unlike the other construction sites whom have issues 

during the construction phase. The issue in the pre-planning phase 

is planning where to optimally perform certain construction 

works, when they will be conducted, and by whom. Example of 

some of the planning topics expressed by the site manager 

Fransson was: 

 What subcontractors will be involved, when will they be 

involved and for how long? 

 What sub-projects will be needed for the construction 

project, when will they be needed and for how long? 

 What legislation are there during the construction project 

and how will they affect us? 

 What services/products will be needed during the project 

and are they available? 

 

During the construction phase, there were no expressed issues and 

every sub-process within the construction site was performed 

correctly.  

 

The extracted needs and problems can be seen in table 5.3. 

 

Table 5.3: identified needs and problems from Blåport 

Issue What? Why? So what? 

Pre-planning 

issues 

Difficulties in 

organizing all sub 

processes and stake-

holder to create plan 

for construction 

Many factors 

involved in 

planning phase, 

work becomes 

big and com-

plex. 

Time waste. 

Material 

waste. 
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5.1.4 Other interviews and observations 

The visited mining sites, the quarry in Växjö and the limestone 

quarry in Öland, were similar. Unlike construction sites, the work 

processes within are very static and they rarely change. A small 

change in the driving route might occur 2-4 times a year. The 

work starts with blasting a portion of the mountain wall, whereas 

the wheel loader gathers the stones and places them into the 

hauler/truck. The vehicle then transports the blasted stone to a 

crusher, where it is crushed into a smaller size.  There were no 

similar issues like the construction sites. Communication was 

done simply through radio and rarely anything was 

communicated because of the lack of change in work processes. 

There were no multiple different materials that were placed in 

different places. The only type of material is the one extracted 

from the mountain and it is transported to the same crusher, 

meaning that there were no issues in material handling. Lastly, 

there are no issues in preplanning the stone extraction, since both 

construction sites have been active for more than 40 years. 

Therefore, the planning has been made beforehand and been 

successively improved over the years. The only expressed need 

within the mining site is ways to improve the transport of stone 

from the blasting site to the crusher. The full interviews and 

observation of the mining sites in Växjö and Öland can be seen 

in Appendix A1 and A4. 

 

5.2 Time phases 

The results obtained can be summarized in figure 5.1 below, 

taken from VCE corporate presentation [23]. The figure shows a 

construction process going through all its phases, from project 

start to delivery. Our observations were all in different time 

phases of their respective project process. As observed, a 

construction project can be divided into three time phases: 

planning/preparing phase (P1), construction phase (P2) and final 

adjustment phase (P3). Our defined time phases can be found in 

Volvo’s Corporate Presentation 2012 [23]. 

 

Based on the results, it was found that all construction sites were 

in different time phases, which in turn affects the CSs differently. 

Blåport CS was in early P2, Pottholmen CS was in middle P2 and 

Stanford CS was in between P2 and P3. For Blåport CS, being in 

the early P2, it meant that P1 just ended and they have sufficient 

information and understanding on what needs to be done. The 

work involves a few number of subcontractors which makes the 

flow of information easy to handle. Pottholmen CS was more 

complex. Since it was in the middle of P2, more subcontractors 

were involved. During their work, there have been issues with 

sudden changes, which based on the observations is natural for a 

CS at that time phase. One example being the sudden need to 

sanitize a piece of land, seen in appendix B1. Stanford CS was 
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very active because of the time phase it was in. During early P3 

many subcontractor work at the same time to finish the project 

before handing it over, creating a CS filled with different material 

and competence. 

 
5.3 Presentation of solution 

This solution is a product of several iterations of both scope and 

prototypes. The iterations of prototypes followed the iteration of 

thesis questions and problem statement in a “How Might We?” 

format. These iterations took the following path: 

 

How might we organize a construction site?  How might we 

eliminate the time for tool handling on the construction site?  

How might we organize material on the construction site? 
 

The prototypes’ scope, which followed the iterations of thesis 

questions and problem statements, took the following path:  

 

Organizing the construction site  Tool handling  Organize 

the material on site 
 

These prototypes can be seen in 6.1.4 below. However, the 

learnings from these prototypes all contributed to the final 

solution. The learnings from each validation of concepts can be 

seen in table 5.3 below. 

 

Table 5.3: concepts and outcoming learning 

Concept & Prototype Learnings 

Organizing construction site Not necessary to tag 

machines, material more 

important and does not need 

in real time visual 

recognition 

Tool Handling Only tools for machines 

need to be handled, too 

heavy and expensive to 

solve. Low level of value 

Organize material on site Right scope, wrong solution. 

Location and tracking not 

value adding enough 

 

It was predicted that to fully automate a construction machine is 

not the correct first step, due to the dynamic nature of the 

construction site and its three different phases. Furthermore, 

Martin Frank, a specialist in intelligent machines at VCE, said 

that the autonomous navigation technology is new and thus not 

fully an explored field. The interview with Martin Frank can be 

seen in appendix A5. 
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In this chapter, the result in regard of physical attributes and 

system level working will be presented. The order in which this 

will be presented is; the system requirements, the data streams 

between peers within the solution and lastly the suggested tags 

for the material and information handling. 

 

5.3.1 System overview 

To map out the core functions which the system will provide to 

the site, as mentioned in 3.2.4.1, a FAST-diagram was made. The 

functions that were wanted were picked regarding the gathered 

data from interviews, observations and literature, see figure C1 in 

appendix C.  Built on the FAST-diagram, is the functional 

requirements below. 

 

Firstly, the scheduling function requirements is listed with 

requirements gained from the FAST diagram, metric in which the 

requirement is resolved and the rationale for each requirement 

and metric. As seen in the requirements for the scheduling in table 

5.4, the solution need to have a solid system compiling all 

schedules in an accessible way. At the same time, the solution 

needs to offer availability of schedules both for humans and 

machines. Foremen will be the users required to insert the 

scheduling information, therefore the system need to be user 

friendly. Having this solid system for scheduling, the work can be 

planned with a cooperation between man and machine through 

wireless connectivity access. 
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Table 5.4: schedule requirements 

Requirement Metric Rationale 

Schedule tasks 

Receive requests 

from users of tasks 

to be resolved 

Simple interface to 

schedule a delivery 

Users will not be in-

clined to use the sys-

tem if it is inconven-

ient 

Aggregate existing 

scheduled tasks 

from users based 

on their planning 

Store information for 

up to 1000 unique 

users 

Foremen to be able to 

schedule tasks 

continuously and 

spontaneously 

Machines and us-

ers book tasks 

based on availabil-

ity 

Coordinate between 

up to 10 different 

tasks for each ma-

chine 

The system should 

handle information on 

all material storages 

to optimize scheduling 

Continuously up-

date task requests 

to account for 

unexpected 

changes 

Notify and request 

updates from users 2 

business hours before 

expected resolution of 

task 

Ensures that the infor-

mation is up to date 

and reduces schedule 

conflicts 

 

The second functionality to be analyzed is the tracking of items, 

see table 5.5 below. These functionalities were based on the data 

gathered from the site visits and interviews. Here the identified 

accuracy that is needed is between 3 meters for exact location of 

material and 3-5 meters for the space occupied by said material. 

This will be provided by the positioning technology being 

powered up for enough time to adjust. The positioning will only 

be triggered by the fact that the tag moves, which means when the 

material storage on which the tag is attached to.  
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Table 5.5: item tracking requirements 

Requirement Metric Rationale 

 

Track Items 

Identify location 

reserved for 

construction 

equipment on site 

Within 3 m accu-

racy 

Based on user feedback 

for what is sufficient 

granularity of tracking 

system 

Identify space al-

ready occupied by 

equipment on site 

Within 3-5 m accu-

racy 

To have an accurate 

representation of occu-

pied space on site and 

meet granularity 

requirements found in 

interviews 

Identify managers 

and/or workers of 

materials on site 

Information should 

load and display 

an interface within 

5 seconds 

To ensure convenience 

of app and maintain 

user engagement 

Detect when tag 

moved 

Triggered by 

change in move-

ment by 3 m 

To conserve power and 

activate when needed 

but not to be triggered 

by footsteps or car driv-

ing by 

Update location 

when the tags are 

moved 

Power up position-

ing technology for 

just long enough to 

reach accurate 

signal. 

Location should be up-

dated as quickly as 

possible to conserve 

battery life 
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Table 5.6 below shows the requirements for the path planning. 

Here the solution places a map within the area of the construction 

site, this map is then partitioned into a virtual grid with each part 

of the grid having an area of 3-5 m2. The desired placement of 

material can be put in by the foreman of the site. This renders the 

designated area occupied, which disallows machines and further 

work to be done in this area. Furthermore, the schedule will also 

play a part in the route planning by rendering the path to the 

scheduled destination of a material storage unusable. This means 

that the system disallows other material to be placed in the 

scheduled path. The path that will be displayed will only be 

controlled in the sense that no material is currently on the 

designated path. 

 

Table 5.6: route planning requirements 

Requirement Metric Rationale 

 

Plan Route 

Receive request 

from user for de-

sired destination 

Require no more 

than 30 seconds to 

input route infor-

mation 

If the process takes too 

long the user will be in-

clined to search for a 

route on their own 

Analyze occupied 

space between cur-

rent location and 

desired destination 

based on location of 

material on site 

Efficient and 

friendly to traverse 

paths planned by 

algorithm 

Path planning is 

computationally intensive 

and may take too long if 

not executed efficiently. 

Could also give bad re-

sults if glossed over 

Generate optimal 

route for user to 

reach desired 

destination 

Within 10 seconds We want the map to be 

generated quickly to 

make it convenient for the 

user 

 

Lastly the systems requirements for communication within the 

system is set, see table 5.7. To have the system communicating 

the necessary information, the means of which the 

communication is taking part need to be powered. The wireless 

parts of the system need at least one work week in up time before 

recharging is needed.  
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Table 5.7: information communicating requirements 

Requirement Metric Rationale 

 

Communicate Information 

Display basic tag 

information to 

users 

Via interface and 

wireless connec-

tion from data-

base 

Balance between making 

the screen readable and 

power consumption 

Users should be 

able to flag tags on 

items that need to 

be moved 

Via interface Easy to use interfaces in 

harsh conditions, users 

need fast information - 

both machine and human 

Have access to 

power 

Stay charged for 

at least one work 

week 

A baseline discussed dur-

ing user interviews for 

useful period 

 
5.3.3 Communication between system and user 

 

The sites of today, as suggested by the interview with Martin 

Frank in appendix A5, require an infrastructure for wireless 

communication and connection. This is dealt with by placing this 

infrastructure in the starting phases of the construction process, 

which the system will leverage. The communicating of the system 

will be toward a database, which updates the information of each 

tag within the given refresh rate. This information will be 

available for both main peers; machines and humans. Given that 

the site is provided with a wireless infrastructure, machines will 

retrieve the information by accessing the database and humans 

will be able to see the information through an application on 

either computers or handheld devices. Other humans on site that 

need quickly found information receive that through the interface. 

The scheduling of the tags is manually put in the database by 

foremen or people responsible for scheduling.  

 

An instantiation of the simple database can be seen in figure 5.2 

below. Here the information of location is automatically 

triangulated and updated. However, the other information listed 

in figure 5.2 is manually inserted by foremen.  

 

 
Figure 5.2: sample from database 
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When the tags are moved, they enable a timestamp, which can let 

the peer know when it lastly sent a position. This improves the 

awareness of both humans and machines interacting with the 

database. The specified information for machines is the longitude, 

latitude and altitude to enable the machine to adjust its location 

according to the given coordinates in the database. The scheduled 

date and time of which the material is eligible to move is offered 

through interface and communication channels. The order ID is 

the material ID with the number for the order for easier 

communication between humans on site.  

 

The data exchange between actors on site is shown in figure 5.3 

below. Where the two main actors within the system are foremen 

and machines. These actors will exchange information with the 

system to enable the organization of the infrastructure. Having 

the machines downloading the information of schedule and 

material ID will make them eligible to implement a scheduled 

task list. As seen from the interview with Martin Frank in 

appendix A5, the autonomous machines of today lacks this kind 

of awareness. Therefore, for the machines to carry out the task 

list, provided by the foremen through the back-end 

communication, they need a location to go to. This location will 

be provided by the physical tags placed on the material storage 

on which the material is located. Lastly, the tag and the software 

will exchange information in form of location, schedule and 

material ID. The software pushed the specific information of 

schedule and material ID for the machines and foremen to easily 

access and the tags pushes the location information to the 

software. 

 
Figure 5.3: data exchange between components of system 
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5.3.1 The tag and its components 

 

The sources are tags that can store information put in by foremen 

and locate the respective material storage, see figure 5.4 and 5.5 

below for an overview of the enclosure and parts of the tag. For 

better understanding of the physical aspects of the tag, see figure 

C3 in appendix. To be able to store and communicate the various 

types of information, a microcontroller is needed, which in this 

case is a Raspberry Pi Zero W (RPi). The RPi has a Linux based 

OS, which is called Debian Jessie. With this OS, the RPi can act 

as a computer and provide the functions needed. As a 

microcontroller, the RPi, hosts a Wi-Fi module that makes it able 

to communicate by those means. However, the microcontroller 

cannot find its own position and a GPS-module is needed. The 

GPS module is a GlobalSat BU-353-S4 stripped of its casing and 

is directly soldered on the RPi. The GPS, according to the tests, 

can give roughly 5m accuracy, see table C3.  

 

 
Figure 5.4: overview of components in tag 

1: Lid for casing 

2: e-Ink screen 

3: Raspberry Pi Zero W 

4: Linocell Power Bank 

5: Rechargeability board 

6: GlobalSat Bu-353-s4 GPS 

7: Bottom part of casing 
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Figure 5.5: showcase of tag 

 

The tests for the accuracy were done by placing the GPS-receiver 

in different conditions and on pre-determined places that are 

easily recognizable in Google Maps. The information from the 

GPS was tested against the information from google maps and 

from that a difference in distance was received, see appendix C. 

 

To be able to power the components a Linocell 2600mAh power 

bank was stripped of its casing and placed in the tag. The reason 

for a power bank rather than an ordinary battery is the 

requirement of recharge ability and that can be provided by the 

PCB included in the power bank casing.  

 

Lastly, to be able to communicate necessary information to 

humans on site an eInk screen is integrated. The eInk screen is of 

the type PaPiRus Zero, which is customized to be attached to an 

RPi.  

 

The information communicated by the tags is specified to suit the 

needs of humans on constructions sites today as well as the 

predicted needs of an autonomous machine on the site. The 

specified information for machines and foremen can be seen in 

table 5.8 below.  
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Table 5.8: information delivered by system based on peer 

Peer Machine Foreman 

Information - Material ID 

- Location 

(long.,lat.,alt) 

- Owner 

- Schedule 

 

- Material ID 

- Location (on map) 

- Owner 

- Schedule 

 

 

5.3.2 Physical requirements of tag 

As suggested in chapter 4, the construction site is dynamic in 

various ways. One of them is weather conditions, which can 

change and that will affect the whole site. However, our tag 

cannot be affected since a part of the infrastructure of information 

depends on it. Thus, the tag will be sealed using “lips” at the side 

walls combined with silicone. The lips can be seen in figure 5.6. 

This enclosure, together with silicone ensures an IP66 class. 

 

 
figure 5.6: top and bottom part, meeting in a lip assembly 

 

Furthermore, the tag is to be able to be present in all construction 

sites. This is because construction sites change depending on size, 

location and time. Therefore, the requirements in table 5.9 below 

must be solved. 
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Table 5.9: physical requirements for tag  

Requirement Metric Rationale 

Compact Components taking up 

minimal space. Enclo-

sure base not bigger 

than 50 cm2 

The tag will be attached 

to construction material 

and material storage 

equipment. Therefore, the 

size of the tag must not 

exceed any dimension 

when it is attached. 

Robust Being able to withstand 

impact from a smaller 

machine such as a fork-

lift with a speed of 5 

km/h 

During material handling 

the handled material will 

be mistreated 

Water and dust 

proof 

The enclosure must be 

at least IP66 certified. 

The CS has very dynamic 

weather. With both rain 

showers and wind blow-

ing up dust, the tag must 

withstand. 

Heat endurance The device must with-

stand a heat up to 50o 

C  

It must function in all 

areas in the world, even 

the hottest. 

Energy efficient The device can con-

sume maximum 180 

mAh. (Raspberry 100 

mAh and GPS 80 mAh) 

There is a limited room 

for a rechargeable bat-

tery. 
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6 DISCUSSION 

During the thesis process, we discovered many aspects within the 

construction industry, all whom we had to consider both in our 

system overview and suggested solution. Thus, by including all 

aspects, e.g. complexity, time phases, involved people and 

machines. We could obtain empirical data to answer our thesis 

questions. Below, we will discuss all the different processes we 

have passed and how they played a role in our final analysis. 

 

6.1 Result discussion 

Through our observations, interviews, literature study and 

eventual analysis we have presented a solution. The presented 

solution has been presented in a systems level, as well as a detail 

level. The first step to obtain automated site, is to add multiple 

complementary information beacons to guide the autonomous 

construction machines. Thus, a decentralized communication 

infrastructure within the site will be obtained; Meaning that each 

attached information beacon will be able to extract data, interpret 

it and send it to its receiver (e.g., database, machine, foreman). 

We shall now discuss why we think this is the right solution, based 

on certain characteristics we found in the construction sites 

included in our case study and compared to existing or tried 

solutions. 

 

6.1.1 Case studies and time phases 

Before understanding the benefits of our solution, one must 

realize that a construction site is anything but linear, predictable 

and non-complex. We have shown this in our results from our 

interviews and observations and with the presented papers in 

theoretical framework [13][21][31]. There are multiple dynamic 

factors to consider when it comes to construction sites. The ones 

we presented this far are: size of the construction site, number of 

involved stakeholders, location which the construction is being 

established and the time phase which the construction work is in. 

All add to the increase in complexity of the construction site. 

 

An increase in the dynamic factors seemed to linearly increase 

the complexity of the construction site. Even though we have not 

been analyzing construction sites that are non-western, we found 

a clear pattern in all the analyzed construction sites, studied 

literature and conducted interviews with site managers and 

specialists.  
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From the analyzed construction sites, the complexity of the site 

rose with the impacts of  the different dynamic factors. To further 

understand this statement, see the simple comparison of all the 

CSs based on the dynamic factors in table 6.1 below. Each CS 

has its own column and the results beneath each CS is presented 

in relation to the other sites. Meaning that actual numbers will not 

be presented, but just how they relate to each other. The dynamics 

factors are in each separate row.  

 

 

Table 6.1: complexity comparison of CS based on dynamic factors 

 Blåport CS Pottholmen CS Stanford CS 

Size of CS small medium-large large 

Involved 

stakeholders 

few moderate many 

Location of 

CS 

on a moun-

tain, near an 

elementary 

school 

near the city 

center, blocking 

a heavily traf-

ficked road 

near two other 

hospitals, in 

the corner of 

the block 

Time phase 

(during analy-

sis) 

early stage of 

P2 

middle of P2 later stage of 

P2 

 

Blåport construction site had a smaller areal and manpower size. 

This meant that communication channels in between were not 

many and the loyalty of the workers was not divided; which as 

discussed by Sven Bertelsen [21] and seen in site visits to Santa 

Clara is one of the major complexities within the construction 

industry. The CS is located on a remote mountain with only an 

elementary school close, meaning that there are less outside 

disturbances. Furthermore, the CS is its early P2 and not many 

stakeholders are involved.  

 

Pottholmen CS is a bigger site than Blåport, both in area and 

manpower size. The most expressed issue was the 

communication issue. This is because the site managers have 

many stakeholders and workers to consider, which require more 

control. The communication failure usually led to work processes 

being halted and the workers simply wait; Which is the major 

time waste according to Matouzko [12] and Kalsaas [24]. The CS 

is in a crowded area, near the city center, thus giving it many 

restrictions and legislations. The CS is in the middle of P2 and 

during the time we analyzed the CS, from October to March, the 

amount of stakeholder increased. 
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Stanford construction site was the largest construction site we 

analyzed, which was in its latter stage of P2. The biggest issue 

was the material handling among all the different subcontractors 

on site. This is because of the increase in amount of different 

communication channels among subcontractors and workers. 

Sven Bertelsen explained this through another perspective, 

explaining how workers’ loyalty is divided among the different 

subcontractors in the transient working place. 

 

Based on these analogies we believe the increase in size and the 

impact from the dynamic factors brings the complexities we 

discussed. The relationship is visualized in figure 6.1. The figure 

shows non-dimensional values on all axis. The x-axis, “Non-dim 

size of CS”, shows how the size of a CS affects the complexity, 

the y-axis, “Non-dim impact on CS”, shows how a magnitude of 

the different dynamic factors affect the complexity of a CS. As 

seen we mean that the size does not have as big impact as the 

dynamic factors. Seen also in the figure, is how we grade the 

different sites. With Blåport CS being the lowest and Stanford CS 

being the highest. 

 

 
 

Figure 6.1: complications as a function of size of CS and impact on CS 
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6.1.2 System overview 

The FAST-diagram gave the expected abstract functional 

requirements for the system, which we aimed to receive from. 

However, it demands time and maturity, as we proceeded with 

implementing the methodology of the FAST-diagram we realized 

that it needed to rest for a while for later assessing. When we did 

that, and zoomed out our view of the solution we had in mind, we 

could achieve a good base for further specifying the functional 

requirements for the system.  

 

The functional requirements presented in the result, as mentioned 

before, are based on the data we gathered as well as the aim for 

this study. As we have seen in the population growth [16], it is 

needed for the construction business to increase its productivity 

to house the growing population and urbanized areas. However, 

the productivity of the construction business is not increasing [13] 

[35] and that we believe is that automation is not implemented in 

construction sites because of the disregard shown to the dynamic 

nature construction sites. This leads to the fact that we wanted to 

enable the possibility of an autonomous machine being deployed 

on a site that is in a remote location, meaning outside the 

urbanized area. For this to be possible, we believe, that a system 

infrastructure need to be set by a foreman. By infrastructure we 

mean, wireless connection and the computational power needed 

to access the database. This was the base for the functional 

requirements for item tracking and the scheduling part of the 

system since we need the system to work within the set 

infrastructure. The construction site being in a remote place will 

mean the room for errors in material placement is minimal, since 

access to new material from urbanized areas is limited. If the 

material is broken or waiting times are occurring due to poor 

material placement, the access to new material is limited and the 

delivery times are long due to the placement of the actual site.  

 

The item tracking need to be more accurate than 3-5 meters due 

to the possibility of material items overlapping each other in the 

database, rendering the autonomous machines eligible for 

collision and possibly a complete halt in the production. The 

positioning technologies that provides an accuracy preferred, 

meaning decimeter to centimeter accuracy, are expensive and not 

feasible to place in small and many tags. The scheduling should 

go hand in hand with the item tracking, since it demands 

knowledge of where to place material and where the work need 

to be done. The scheduling would be optimal if it could integrate 

with the purchasing database of foremen. However, we did not 

have the knowledge or the access to such a database to run tests 

and connect the two. Therefore, it could be connected in further 

work and in that case the available material would always be 
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available in the system for further scheduling. One of the main 

reasons for the scheduling is the need for machines to work 

cooperatively with tasks lists at hand. Therefore, a requirement 

for coordination between 10 tasks was set for the machines to take 

part of. 

 

The dynamic placement of material needed a solution if we 

wanted to be able to deploy multiple autonomous machines on a 

site. This means that the machines cannot place material on the 

path of another machines work. Furthermore, considering the 

communication that need to be conducted to achieve a workflow 

between multiple autonomous machines, we needed requirements 

for path planning and communicating information. These 

requirements were listed as we had the factors affecting the 

complexities of today’s construction sites to evade their impact 

on the construction sites of the future with autonomous machines.   

 

6.1.3 The tag and its components 

The casing was aimed to be as small as possible to achieve better 

user friendliness. Therefore, iterations of CAD drawings and 3D-

printings were done. The iterations of concepts were necessary to 

achieve an acceptable minimum viable prototype [2]. However, 

the components within the tag were stripped of their casing and 

used in a fashion they are not supposed to be used in, which can 

mean error sources. The tests on the GPS were done by seeing 

what longitude and latitude it gave us and compared it to our 

actual position. The accuracy was off by a couple of meters, 

which is a source of error.  However, the accuracy we found was 

supported by the facts for the GPS on a retailer website [34]. We 

found out that the accuracy increases when the GPS has the time 

to triangulate for 3-5 minutes, which is preferable for us since 

pallets are usually standing still for more than 3-5 minutes.  

 

The tag itself is a product done to fit today's construction site, 

while still being a step towards future construction sites. 

However, our focus and thesis question is coupled mainly with 

implementing a solution for future construction sites with future 

autonomous machines. Meaning that the information we 

presented in table 5.8, will not be the same. The machine will 

need to extract different parameters, depending on what kind of 

task it will perform.  

 

The metrics seen in table 5.9 will be the same in future 

construction sites, except for energy efficiency, unless the climate 

changes drastically during the coming years. 
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6.1.4 Iterations of solution 

The solution of the problem was a product of iterations, which 

provided the research with knowledge when the concepts were 

presented and feedback was received.  

6.1.4.1 Overwatch prototype app 

The first solution to the organization problem was a software 

solution that would use mapping technologies to help the foremen 

on the site plan their routes and work. This software was not a 

functional one, it was rather made as a mockup to receive 

feedback from potential users and stakeholders. An instantiation 

of the mockup can be seen in figure 6.2 below. 

 

 
Figure 6.2: Showcase of prototype app Overwatch 

 

The mapping would come through in real time capturing with a 

drone, which the site manager would deploy when needed. The 

drone would deploy and constantly hover above the site until the 

manager receives enough information or until the battery is 

discharged. This solution was developed under the unrefined 

“How Might We” and a more unclear research question being: 

“how might we organize a construction site?”. This question was 

too broad and did not specify what to organize on the construction 

site, which led to the mapping concept. We tried to map all 

movement on a site, hence the in real time mapping. When this 

concept was prototyped with the mocked app, the validation of 

the concept showed too many flaws. The drone shot would be 

only for quick looks on which routes to take, meaning that the 

drone could affect some small movement of trucks within the 

construction site. Furthermore, the impact of this solution would 

only be heavy on the planning phase and only in very large sites. 

Then the problem with the drone being unable to fly too far away 
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comes into play. Finally, the problem with the visual recognition 

from aerial recordings comes into play, making the solution 

completely invalid. The visual recognition of today requires 

advanced algorithms and machine learning, which we have no 

knowledge within and thus cannot make assumptions that it 

would work. Furthermore, there were solutions for this kind of 

mapping in the market with a complete product-service-system.  

6.1.4.2 ToolBot 

The second solution, being the product of an iteration of the “How 

Might We”, was a prototype of a tool handling robot. This grew 

out of the question “how might we eliminate the time for tool 

handling on the construction site?”, which in turn grew out of the 

learnings found from the prototype app Overwatch. 

 

The tool handling robot would bring the desired tool of the 

workers from a hub where all tools are stored. The tools would be 

ordered through an app which can send requests to the robot. The 

robot could either be an airborne or a grounded drone, which 

could navigate through the site and find the beacon of the app 

from which the worker has placed an order. The small prototype 

can be seen in figure 6.3 below.  

 

 
Figure 6.3 ToolBot showace 

 

This idea came from the problem of workers bringing tools when 

transitioning between tasks on site. The act of bringing tools to 

the task location was time consuming and unnecessary. When this 

concept was shown to the stakeholders, they all commented that 

it was simply nonchalance shown by the workers and they could 

carry their tools with them. However, all stakeholders mentioned 

that this problem was much larger for machines, since they cannot 

bring their equipment with them always. This rendered the 

ToolBot concept invalid and required changes for a concept that 

provides the same service for machines. Furthermore, this had 

already been considered by stakeholders and they expressed the 

heavy load of tools for machines, which would require strong 

machinery to handle these tasks. Therefore, the research took 

another path with the learning that tools and movement of 

material still needed to be solved. 
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The last iteration of the “How Might We” led us to the research 

question “how might we organize material on the construction 

site?”. For this solution, we developed a concept with small GPS 

tags being attached to all material on site to give the manager 

control over the material on site. The GPS tags could later be 

shown with an overview. However, this would only bring the 

manager the location of material and not the truly valuable 

aspects. The manager could easily buy several GPS- transmitters 

and place them on the material on site to receive an overview on 

his own. This solution also provided the research with knowledge 

of what was needed to achieve a valuable final solution. 

 
6.2 Methodology 

Following the DRM made the theoretical and thesis work more 

organized. However, we felt early that the methodology did not 

give regard to practical project work. Even though the DRM is 

perfectly fit for a research it is more fitting to combine it with a 

methodology formed for a design process for a project. The 

innovation process was the best choice for us, since this method 

already had been used in other projects. This gave us progress in 

both theoretical and practical work with regards to 

implementation of a system with physical components involved. 

Both methodologies encouraged data gathering through 

qualitative interviews and observations to elevate the knowledge. 

However, they are aimed differently in each methodology. In the 

innovation process [2] they are aimed to receive needs to design 

a better product or system, whereas in the DRM they are meant 

to get a clear view of the current situation and the factors to 

improve to reach the desired situation [20]. Regardless of the 

differences in purpose of the data gathering, we could leverage 

the gathered knowledge to form an overall better understanding 

of the current situation and the desired situation. Which showed 

us that these methodologies can co-exist in a desirable fashion. 

The DRM could lay the foundation of knowledge for the 

innovation process to build upon. We could elevate in knowledge 

of the current situation for construction sites by conducting our 

own interviews and observations together with the information 

from literature [20]. This cooperative sense was used through the 

course of the research project. However, combining these two 

methodologies demanded putting one of them on hold for the 

other to work, i.e. putting the PS in the DRM on hold to make an 

iteration of ideation for concepts solving the problems, needs and 

the factors of the current situation.  

 

Using the inductive and the deductive strategies together made 

the thesis work more organized, just as Olsson and Sörensen 

suggests [28]. Every time the iteration of data gathering work was 

initiated with the deductive strategy, it gave a broader view and 

prepared us better for the specific data that we sought for. 
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However, we were always open for observations of phenomena 

and events that occurred outside the scope of the data gathering 

session. With these strategies involved with the DRM and the 

innovation process, we got a broad view of the current situation 

as well as a broad field of knowledge. 

 

Using the qualitative strategy, we looked for convergence in our 

collected knowledge and data from literature, observations, and 

interviews [27]. The convergence was, as explained in 5.1, found 

in construction sites in three different sizes as well as three 

different phases. The data from these sites converged in terms of 

problems occurring due to complexities generated by the dynamic 

nature of the sites, see 5.1. This phenomenon was also discovered 

by Bertselsen [21], which cemented the fact that our data was 

accurate. However, we kept searching the connection in the 

different levels of complexities with the size of the site. Our data 

shows that the bigger the site is, the more subcontractors will be 

involved, which means the cascading effect of each complexity 

affecting the other. With the qualitative method working together 

with the identification of the current situation from the DRM, we 

could find backup from literature. As the data was compiled from 

these phases, we could instantly see the convergence and identify 

the factors connected to the current situation. After assessing 

further, we could list up the factors to be resolved to achieve the 

desired situation. Given that the desired situation was already 

identified and described in the thesis questions and the aim, the 

requirements in the result were directed to resolve the factors of 

the current situation in a step-by-step fashion. 

 

We can now state that our choice of methods together could work 

for processes like the one in this research, being an iterative 

product and system development process with research in the 

back end.  

 

6.3 Data gathering 

Using the interviews and observations as the main data gathering 

method gave the research project both advantages and 

disadvantages. The advantages were clearly in finding the current 

needs and problems within the area of which the interviews and 

observations were conducted in. The disadvantages were clearly 

that the complete set of needs was not gathered though the limited 

time of interviews and observations. However, it was more fitting 

for the research to use the interviews and observations as the main 

data gathering method for our solution since we were trying to 

solve unique problems for the present and the future. There was 

a limited amount of literature with the topic of automating a site 

with organization of material and information, which justified the 

greater amount of data gathering through interviews and 

observations.  
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Having to imagine the future solutions for construction sites 

demanded a clear goal, which was elaborated upon widely. The 

data gathering was conducted in Sweden and USA to receive 

insights in two different types and sizes of markets. When the 

final goal was reached through knowledge from the data 

gathering of two different types of sites, we ultimately got the 

possibility to find future solutions. However, this could have been 

optimized if the iterations the steps after the interviews were 

smaller and faster. 

 

The data gathering was mainly focused on the usage of machinery 

and how the stakeholders within the sites behaved and worked. 

We were aiming to find flaws and unnecessary steps in the 

workflow that could be improved. The reason behind this is that 

needs lasts longer than solutions [2]. The needs that workers and 

machines have today will be the same, maybe a little different, as 

the ones in the future. This might have led us into missing some 

needs of the stakeholders since we had a preset mindset about 

implementing solutions in the future and constantly trying to 

justify them for the future. The preset mindset could have been 

evaded if we had followed the DRM together with the deductive 

and inductive strategy in that particular order. Every time we 

diverted from that methodology we realized that a part of the 

newly found knowledge would have been found through 

literature and research. This gave us the intention to keep 

following the DRM and the strategies more thoroughly and 

systematically, which improved the data gathering work 

significantly. 

 

 

6.4 Sustainability aspects 

To successfully implement automation one must also remember 

the needs and thought of the construction workers. For them, an 

automated machine will take over their job. Thus, effort is needed 

in present and future work to make the collaboration between man 

and machine work. As explained earlier, this is something 

Guzman and Malcolm [31] emphasized in their research. If the 

collaboration is successful in the worksite environment, then the 

implementation of autonomous machines will be streamlined. 

This will also keep the companies which are in the forefront of 

automation relevant and ahead of legislation.  

 

To keep a sustainable growth in the world’s population, the 

construction industry must provide the right amount of housing 

for the population, which as stated will cause the need to build 

new urban areas [16]. This means that the urbanization need to 

take place in remote places, rather than in already urbanized cities 
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to house the increasing population. However, since the demand 

will be increasing on the buildings, so will the demand on the 

productivity of the CI. As discussed, automation is the answer to 

increase productivity, quality and safety; And the tags are the 

answer to implement automation in the dynamic CI. When 

increasing the productivity of the CI, the urbanization can take 

place in a much more rapid fashion, making it fitting for the 

population growth. Furthermore, when the dynamic aspects and 

complexities of construction sites are sorted out, these CI can be 

ran remotely and in places that human labour cannot work 

effectively.  
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7 CONCLUSION 

As stated the construction industry has not seen the development 

in its productivity as e.g. the automobile and manufacturing 

industry have. This is largely due to the ease of implementation 

of autonomy and robotics in the latter mentioned industries. An 

implementation of these technologies in the construction industry 

is not simple, due to the dynamic and complex nature of the 

process. However, there have been progresses in automating 

more predictable processes within the construction industry. The 

method chosen for this research was fitting and provided the 

necessary scope width to achieve as accurate data as possible. The 

conclusion of this research is to provide the autonomous machine 

with data coming from external sources rather than trying to make 

the machine understand it surroundings with on-board sensors. 

The first step toward an automated construction site is suggested 

to be the result of this thesis, where the material- and time 

allocations are controlled by a system. 

 

“Having a vision towards multiple autonomous machines in a 

construction site, how can we implement a solution that will help 

in organizing such infrastructure?” 

 

The construction industry is very dynamic. The dynamic factors 

that increase the complexity are size of construction site, number 

of involved stakeholders, place of construction site and time 

phase. All whom we studied and observed through literature 

study, interviews, and observations. Thus, we believe that to fully 

automate a construction site, a first step must be taken 

beforehand. Based on the development of autonomy and its 

implementation in the construction industry, we do not believe 

that a construction site will be operable without the help of 

humans during the coming 5 years. Therefore, a smart 

collaboration between human and machine must be established.  

 

The future autonomous machine must understand its dynamic 

surrounding and constantly be up to date, to effectively 

collaborate with humans and not be a burden. For this to happen, 

all information within the construction site must to a certain 

degree be decentralized. Meaning, each human, machine, facility, 

and material communicate the information that it holds. For 

instance, if a machine has a certain task that it is currently 

carrying out, its system can be updated by extracting info from 

both nearby materials and workers. Each “unit” communicate 

their information and keep a constant and controlled flow of 

information during all the changes within the construction site. 

For this solution, the main information communicated is material- 

and time-related. Knowing where construction materials are 

placed as well as knowing when to carry out tasks will enable 
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multiple machines to be deployed on a site. This can also be tied 

to the vision of having smaller and multiple automated 

construction machines on site. 

 

“What complementary solution can we add to an autonomous 

machine to make it aware of material in its surroundings?” 

 

A suggestion for an early solution, is to attach physical tags onto 

materials on site. By storing its positional information with GPS 

and other data by human input, it can communicate that 

information to a database with Wi-Fi. This however demands the 

site to provide the tag system a stable Wi-Fi infrastructure. For 

future solutions, we believe that the positioning and 

communication technologies will be developed into higher 

reading and communication range as well as accuracy. Making it 

a viable replacement for our tag concept. Being both small and 

cheap it can easily cover an entire site, essential turning into a 

completely digitized infrastructure.  

 

When achieving total digitalization and total control over the data 

flow within the construction site, the companies can deploy their 

autonomous machines in remote locations. Even though the 

autonomous machines will need a collaboration with humans, the 

correctional interactions between human and machine will be 

reduced. 
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8 RECOMMENDATIONS AND 

FUTURE WORK 

Automation is growing and is one of the most interesting topics 

in the world of technology today. This means that the field is 

growing fast. However, for automation to be successful we must 

embrace the fact that digitalization need to be growing with it. 

Meaning that digitalizing information within the field we are 

trying to automate will decrease the problems while the 

automated equipment is running.  

 

A tag on each container and storage of material is the suggested 

first step to reach this vision. This idea however is somewhat 

constrained by the technology available today. For future work, 

when there are more accurate and smaller tags, further work could 

be done in trying to effectively and systematically implement a 

fully integrated tagged and subsequently digitized site. The tags 

are meant to be attached to each material container by hand, 

which can be effectively improved by tagging the containers 

before shipping to the construction sites. This enables a more 

integrated system with the database being developed 

continuously by both material provider and receiver. If this is 

achieved, then the manual input of the data will not be necessary. 

This will provide a better possibility to fully automate the 

construction site from the starting phase. 

 

The digitalization can start with material, which can however be 

implemented on all parts of the construction site. If the dirt, roads 

and structures are digitized as well, then the autonomous 

construction equipment can work within the infrastructure like 

the humans are working today. This can be enabled if the 

autonomous machine gains access to the database, which we have 

not explored. However, if the machine is connected to the 

network on site, it should not be a problem to connect to the 

database for data extraction.  

 

An iterative method is suggested to achieve a better product. We 

suggest the same approach as we have used, since it will provide 

your research with the right amount of width and possibilities to 

expand in knowledge. Together with this approach, keep an open 

mind - do not fall in love with your solutions and do not be afraid 

to fail. The rapid prototyping method is also very valuable, since 

conveying your thoughts will be more efficient this way. As we 

have heard our professor Tobias Larsson say: “A picture is worth 

a thousand words, a prototype is worth a thousand pictures.  
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We failed with solutions we thought were the right ones and 

learned more than we were bargaining for, which in the end 

provided the research with value otherwise not available. 
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APPENDIX 

 

Appendix A: Interviews 

 

A1: Växjö Schakt och transport: site manager Lars-

Göran Johansson 

 

1. How many and what types of machines are usually in the mining site today? 

a. 2 wheel loaders, 3 trucks that can carry 40 tons (+ 1 spare), drill, crusher 

b. We had dump trucks, but those were too rough, they had to drive a long distance 

to the crusher and that’s where it occurs breakdowns. Trailers are optimal 

because they have 5 axles. 

2. What is the most critical in terms of communication and place in the workplace? 

a. To follow the safety instructions in case of problems 

b. Communication on the radio and on lunch breaks 

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

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

 

4. Are there many machines that go the same route for a whole day? Example? 

Which? 

a. Trucks, the same route for several months 
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5. For how long are the machines running? 

a. 8-9 hours / day 

b. It moves 15 000 tons / week, from 600,000 to 650,000 tons / year 

c. The truck is loaded around 3-3.5 / hour 

6. How is the work planned? 

a. According to laws, mass and flow of material. 

b. Specifically 

i. Selected location depends on: type of stone, area relative to the living 

areas. 

ii. Starting digging at a level, then further digging into a new level. When 

they are done they leave the site and the site will probably be filled with 

water. 

7. How would the workflow be improved if you had been free to choose through the 

mountains / above ground/ underground? 

a. Today we would like to have transportation above ground, easier for highways. 

Underground does not work, because we dig down year by year. 

b. Thought of conveyor belts before, thought it was too expensive then. But today 

it would have been smarter to have conveyors, but it is very expensive to install 

now. 

8. What is the amount of working hours the machines and the site operate in? 

a. You have permission to work at. 6-18. Other sites may only work 10-16. 

b. The machines are working one shift, 8-9 hours. 

9. What are the challenges in this site or that these machines had? 

a. In bad weather conditions, it may be difficult for the trucks to get up to the 

slopes, then the roads need to be salted enormously 

b. Risk of stones falling off the edges, the are edges cleaned to avoid this problem 

c. Risk of explosives that are not yet detonated. Blast-resistant windows on wheel 

loaders and special treatment is used when it happens. 

d. Some stones were too big, the wheel loader have to work extra to move them 

and then they have to be chopped down with a hammer machine 

e. The slopes are around 10-12% slope which is usually the maximum for the 

trucks with this type of load. 

f. When the sun is low, it is very difficult to see 

10. How do you communicate with each other on the site? What do you use for the 

tool, what do you say? Which is easier to reach? 

a. Communication via radio on the site, it comes from years of experience, you 

know where the others are otherwise something is wrong. 

11. Are there any miscommunication? 

a. Very rarely, it's a very static site and they know each other very well. 

12. How does GPS measurements work on machines? 

a. The GPS signal is obtained by a base station which then sends it to the “rover” 

(vehicles). 

b. The device has centimeter accuracy, >5 cm.  
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c. When in need of better accuracy, a “totalstation” is used as an external device 

that give millimeter accuracy. However, the totalstation needs covers only 

certain portion of the area and needs to be moved after 300-400 meters. 

d. The maps of the machines are constantly updated. The files they use are typically 

DXF, DWG or TEM (terrängmodell). 

e. The software they use are typical CAD software and GEO. 

f. There is no control of the digging work, there is a strong trust to the GPS. 

g. Biggest issue is when there are some occasional errors and the GPS expert need 

to travel to the machines to fix it. Usually the error is fixed after 1 hour. 

h. Some were / are skeptical of the technical solutions such as GPS. 

13. Do you use any other signal than GPS? 

a. GPRS to see the pattern of use and productivity. However, it is sensitive for 

some workers, since they do not want someone spying on their work habits. 

14. Do you think you can completely automate machines? 

a. The trucks can be automated, very skeptical about the automation of everything 

else (excavator, drilling, etc.). 

b. In the future, more and more becoming automated. "I can see someone sitting 

from a distance with a joystick, controlling the machine." 

15. You have bigger stones standing in a pile, for how long will they be there? 

a. They can be there during several years, there is no rush 

16. Biggest issues when machines break? 

a. Running tests because there can be many different errors. 

b. Many times, it is the same things that break. 

c. It usually takes less than an hour to fix a breakdown. 

d. Harder materials will wear down the machines. 

 

A2: Blåport, site manager Christian Fransson 

 

1. What do you think of the idea of surveilling the construction site using drones to 

visualize the changes within the site? 

a. I see more use of it in bigger construction sites than ours. Maybe long road 

constructions, traffic control or even forest fires. 

b. In other word, more suitable for remote places. 

c. See more use in it for the planning phase. By visualizing and having a digitized 

map it would make the planning and preparation work easier. 

2. Isn’t there any issues with material being scattered all around the site and not 

being available when needed? 

a. That is called bad planning. 

3. Other. 

a. From what I’ve learned a construction worker is effective around 30% of his 

time. The rest goes for preparation, waiting, travelling etc. A worker is not 

hammering nails 8 hours a day. 

b. Because of the lack of effectiveness many processes have been industrialized. 

Not really the case for construction industry. 
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A3: Cementa: factory manager Claes Kollberg 

 

1. How does the normal work process look like in the mining site? 

a. 1 Wheel loader - Stands and gather stone, fills buckets 

b. 3 Trucks receive stone, drives 4km and dumps its content in a crusher 

c. At the time we were there, the hauler waited 3 minutes for the next truck to come 

after finished loading the previous one. 

2. During the working process, what difficulties can the machine encounter? 

a. Only unpredicted changes, which can be weather impacts etc. Nothing 

systematic 

3. What types of improvements would you like on your process? 

a. Autonomous haulers   

b. The flow of material, the trucks brings 40 tons of stones each few minutes. When 

the dumped material from the first truck has been processed, the crusher will be 

empty for a while before next truck arrives. If the flow is constant somehow, we 

might have a better rate of production.  

4. What machines did you have earlier and why did you replace them? 

a. For hauling they have investigated many different types, decided to actually 

make good roads to be able to use trucks that can hold more and go at a higher 

speed. Having an own road-network allows for a higher strain than what is 

allowed on public roads, hence the only limiting factor is what the trucks are 

capable of. 

5. How much do you mine per blast? 

a. 10 000 ton/blast 

b. 400 000 ton/year through blasting. 

6. How much limestone is delivered to the crusher? 

a. 1700-1800-ton limestone a day 

b. The crusher can take 325-ton limestone an hour. 

7. How do you communicate in the site? 

a. With communication Radio. Usually all messages from drivers and worker in 

fabric go through the control center. There is also communication between the 

drivers, when they want to tell each other of a certain change in e.g. the driving 

pattern.  

b. Also a centralized control center with an overviewing worker.   

8. What improvements can there be with your present communication solution? 

a. Nothing. 

9. How does other peers receive/search for relevant information? 

a. Through the control center 

10. When there is an issue, how do you signal it to the other peers and which ones are 

entitled to this information? 

a. Between driver they use radio, otherwise through the control center 

11. How dynamic is the work? Why not a static conveying system? 
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a. problem with where the crusher is located, it was built 30 years ago. Too 

expensive to move 

12. What improvements/changes would you like to have to streamline your work? 

a. Keeping a constant flow of material  

13. What are the dangers that you’ve put an effort in avoiding? 

a. leaving old areas of explosion unattended. So, there is a program for introducing 

wildlife into the areas and actually making something of them.  

 

 

A4: Stanford hospital building: site manager Jonathan 

Mayfield 

 

1. How does the delivery process work? From truck to construction site. 

a. Workers often unload from the trucks. Bigger subcontractors have foreman or 

someone managing deliveries, but plain worker should be able to take care of a 

delivery. Usually a paper trail is included (they have a slip/ delivery information 

and number). 

b. General contractor manages gate access to control what go through the entrance. 

c. Delivery management system is mostly to schedule truck access. To deny trucks 

access to a certain area if it is scheduled, and allow them access if it is not 

scheduled. The schedule does not show details of what the contractor is bringing 

in with delivery. 

d. We have 40 to 50 deliveries a day, trucks may come with 10 different things a 

day. 

2.  Can the site adapt to having multiple devices attached to their material, displaying 

type, ownership and more? (showing our suggested solution). 

a. Requiring an infrastructure that is a small leap, adding a delivery network is ok. 

We do not want to limit ourselves by what exactly already is. We’re innovating. 

I do not see it as a problem if we require people to upload a BOM to the database 

to integrate with the delivery system. Would not increase adoption barrier too 

much the subcontractors already have their BOMs, they just are not integrated 

into one system, but that’s a fairly minor obstacle. 

b. They already have a computer in a trailer that is used by subs to put in their 

inspection info. So it’s not a high adoption barrier. A similar model could be 

used to input information on the tags by the delivery site. 

3. What kind of data transferring technology would be most beneficial? 

a. Remodel in office building could use WIFI, since it is indoors. Big project, like 

the one we are in now need a combination of GPS and Wi-Fi.  

4. How are tasks displayed/stores for workers to see? 

a. Currently they use paper records to map out their tasks (putting ladder up, fall 

protection, etc.). 
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A5: Martin Frank, Specialist intelligent machines at 

Volvo Construction Equipment 

 

1. How are construction sites around the world different from each other depending 

on where on the planet they are? 

a. I work mostly in the western continent, US and Europe. The biggest issue for 

them is the restrictions they have because of the laws and regulations. The 

workers claim that they could have done the job faster/better if they were free to 

work as they want to. But, since it is the site manager's responsibility, the 

regulations stay. 

2. From what we’ve researched there are many different competences under 

different subcontractors. Can such a mix lead to issues? 

a. Yes, and more specifically it will lead to communication issues. A main site 

manager would want to do the job as good as possible, while a subcontractor 

would maybe want to do it in a short time  and earn as much money as possible. 

b. One experience I had was in Brussels, where there were communication issues 

between the customer, main contractor and a water company (the subcontractor), 

which ultimately lead to that the subcontractor failed to deliver the essential 

material, water, to the site. 

c. Delivering material to site is usually less coordinated. Since there are 10-15 

involved companies around the site it is hard to keep track of all peers. 

d. In Switzerland and Belgium there are many different official languages and there 

are a large number of people that speak foreign languages. There is a problem 

with communicating with each other. 

3. How does today’s autonomous vehicles navigate through a site? 

a. When it comes to autonomous navigation on construction sites, we are new to 

this field. We have local positioning system with decimeter accuracy to see 

where machines are, we tell them to go from A to B. For the A to B points we 

have dedicated loading spots (where blasting happens) and where the excavation 

happens.  

b. The site management system tells the machine on how much material it needs, 

and that is answered by amount of machines. The system has the overall material 

need and takes into consideration the energy status and conditions of the 

mechanic parts. The machine itself would navigate through the site, but humans 

are trying to tell the machines what to do through overall commands, like move 

away etc. Humans define closed and open spots for the machine to navigate 

through. The machine can avoid humans and material etc. 

c. In the future, we will try to outmaneuver the stockpiling. Which leads us to the 

fact that material handling need to be done. 

d. No one has really looked into navigation. Most of the work has been on the static 

excavator or on hauler whom have a special infrastructure for them. We have a 

way that we are trying to make an enclosure where the machine would move 

freely. 
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4. What main problem occur when an autonomous machine is active? 

a. The biggest one is structural failure, which is when the structure of the machine 

is not fitting for the work it is trying to do (e.g. software failure or changes in 

load/speed). This causes the machine to be “lost” and being able to navigate and 

find the suitable path. 

b. Another issue is the effect from the environment, which causes the machine to 

not being able to interpret its surroundings and thus obtaining/extracting the 

wrong data (or no data at all). 

c. Sensor failures is also an issue.  

5. How are these problems solved? 

a. We have to have overruling. By prioritize the source of information, for an 

example having a sensor detect objects in the way, hence updating the path 

planning. 

b. However, we do not want the machines to come to a situation where they will 

start overruling each other.  

c. It is also important that the sensor can detect its own failure and not output any 

data. This can be solved with redundancy. 

d. We would rather stop the machine than let it go, which is a security precaution. 

 

 

Appendix B: Observations 

 

 
figure B1: sanitation, one of the three active projects in Pottholmen 
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figure B2: preparing infrastructure, one of the three active projects in Pottholmen 

 
figure B3: laying road stone blocks, one of the three active projects in Pottholmen 

 
figure B4: material stored/left in the construction site in Pottholmen 
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figure B5: more material stored/left in the construction site in Pottholmen 

 
figure B6: material storage inside hospital construction in Stanford 

figure B7: preparing foundation by drilling and blasting mountain in Blåport 
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figure B8: blasted limestone from mining site in Öland 
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Appendix C: system maps 

 

figure C1: FAST diagram 
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figure C2: BPMN 
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figure C3: CAD drawing of tag solution 
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Table C1: unit load formation equipment  [37] 
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 Table C2: functional requirements of system 

 

Requirement Metric Rationale 

Schedule Deliveries 

Receive requests from 

subcontractors of deliveries 

to arrive 

Simple interface to schedule 

a delivery 

Subcontractors will not be 

inclined to use the system if 

it is inconvenient 

Aggregate existing schedule 

delivery requests from users 

based on what is arriving 

when and for who 

Store information for up to 

1000 unique users 

We want every 

subcontractor on site to be 

able to schedule deliveries 

Book a loading dock based 

on availability 

Coordinate between up to 

10 different loading docks 

The system should handle 

information on all loading 

docks to optimize scheduling 

Continuously update 

delivery requests to account 

for unexpected changes 

Notify and request updates 

from subcontractors 2 

business hours before 

expected arrival 

Ensures that the information 

is up to date and reduces 

schedule conflicts 

Track Items 

Identify location reserved 

for construction equipment 

on site 

Within 3m accuracy Based on user feedback for 

what is sufficient granularity 

of tracking system 

Identify space already 

occupied by equipment on 

site 

Within 3-5m accuracy To have an accurate 

representation of occupied 

space on site and meet 

granularity requirements 

found in interviews 

Identify managers and/or 

workers of materials on site 

Information should load 

and display in app within 5 

seconds 

To ensure convenience of 

app and maintain user 

engagement 
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Detect when tag moved Triggered by acceleration 

of .2g 

To conserve power and 

activate when needed but 

not to be triggered by 

footsteps or car driving by 

Update location when the 

tags are moved 

Power up GPS for just long 

enough to reach accurate 

signal. Tested to 1 min 

Location should be updated 

as quickly as possible to 

conserve battery life 

Plan Route 

Receive request from 

subcontractor for desired 

destination 

Require no more than 30 

seconds to input route 

information 

If the process takes too long 

the user will be inclined to 

search for a route on their 

own 

Analyze occupied space 

between current location 

and desired destination 

based on location of 

construction equipment as 

well as infrastructural 

obstacles 

Efficient and friendly to 

traverse paths planned by 

algorithm 

Path planning is 

computationally intensive 

and may take too long if not 

executed efficiently. Could 

also give bad results if 

glossed over 

Generate optimal route for 

user to reach desired 

destination 

Within 10 seconds We want the map to be 

generated quickly to make it 

convenient for the user 

Communicate Information 

Display basic tag 

information to users 

Via Screen and wireless 

connection from database 

Balance between making the 

screen readable and power 

consumption 

Users should be able to 

physically flag tags on items 

that need to be moved 

Via interface Easy to use interfaces in 

harsh conditions like a 

construction site were users 

are likely to wear gloves 

Have access to power Stay charged for at least 

one work week 

A baseline discussed during 

user interviews for useful 

time period 
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table C3: testing GPS module 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Condition Location Google maps Distance 

(m) 

Clear area 56.181397431, 

15.591310052 

56.181423, 

15.591335 

1 

By building 56.1808890465, 

15.592312454 

56.180898, 

15.592280 

1 

By road, 

under tree 

56.180654186, 

15.592580094 

56.181423, 

15.591335 

3 

Parking lot, 

by buildings 

56.181126866, 

15.592938627 

56.181150, 

15.592905 

2 

Under 4 

trees, by 

parking lot 

56.180401915, 

15.591378984 

56.180451, 

15.591347 

5 

Middle of 

roundabout 

56.181536293, 

15.592056706 

56.181545, 

15.592022 

 

0,5 

Between 

buildings 

56.182058934, 

15.590890522 

56.182110, 

15.590824 

 

4 

By bridge 56.182434498, 

15.589253578 

56.182401, 

15.589295 

 

3 

By 

intersection 

56.180799833, 

15.593602671 

56.180782, 

15.593615 

0 

Parking lot, 

by building 

56.181120624, 

15.592955941 

56.181136, 

15.592997 

3 
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