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Abstract
The greenhouse gas emissions are today a global problem and the transportation
sector significantly contributes to these emissions. By improving the energy
efficiency of transports, the emissions can be reduced. To use High Capacity
Transport (HCT) combinations a truck can transport larger volumes of goods while
the emissions per transported tonne of goods reduces. However, difficulties with
driving HCT combinations have arisen, particularly while reverse driving. The thesis
aims to recommend solutions to decrease the reversing time for HCT combinations
by investigating the drivers’ needs while reversing with an HCT combination.

In order to fulfill the aim, three primary activities were accomplished. Firstly,
a drivers’ needs study was conducted to identify drivers’ opinions and needs
while reversing with an HCT combination. The result from the study led to
four main insights; an HCT combination must acquire the correct specifications
to suit the specific transportation mission, drivers should be given sufficient time
and opportunities to practice before driving an HCT combination, external aids are
essential for enabling efficient reversings when the visibility is impaired, and the
layout of terminals significantly affects how efficient a reversing becomes. Secondly,
a market analysis was performed to study existing support systems available on the
market. Lastly, a usability test with a cab simulator was carried out to investigate
to what extent a simulator could be used for training, compared to real life driving.

Findings from these three activities resulted in nine recommendations aimed at
reducing the reverse driving time for HCT combinations. These recommendations
are directed toward three receivers: Volvo GTT, haulers, and terminals. The most
prioritized recommendation calls upon Volvo GTT to inform the sales personnel
about HCT combinations and ensure that they possess sufficient knowledge to sell
the most suitable combination for the customers’ transport mission. Haulers need
to provide time for drivers to practice and invest in external aids. Terminals should
adapt the area for longer vehicle combinations, and perform regular maintenance
on the terminal area. For future research, potential areas of investigation could
involve comparing the use of rearview mirrors versus camera systems used instead
of mirrors when reversing with HCT combinations, or exploring why people are
influenced differently in a cab simulator.

Keywords: High Capacity Transport (HCT), reverse driving, customer needs study,
usability testing, simulator.
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1
Introduction

In this chapter the problem of reversing with HCT (High Capacity Transports)
combinations will be presented along with the background and the identi�cation
of the problem. Further, the purpose of the thesis is presented together with the
intended research questions, objectives, and demarcations to achieve the purpose.
Lastly, the outline of the report will be speci�ed.

1.1 Background

Today there is a global problem with CO2 emissions and the negative aspects
which arises from them. A third of the greenhouse gas emissions, in Sweden,
come from domestic transport (Naturvårdsverket, n.d). Heavy trucks accounted for
approximately 20% of these emissions, that is 6% of the total, year 2021. A way
to reduce the emissions from these trucks is to make the transports more energy
e�cient. There are many solutions for making a transport more energy e�cient,
and one of them is by using HCT combinations.

An HCT combination is a longer or heavier vehicle combination using several
cargo vehicles, trailers, together at the same time. One type of HCT combination
can be seen in �gure 1.1 (Fröjd et al., 2021). When cargo vehicles are connected it
leads to a fewer number of trucks on the road as well as a lower energy consumption
per transported tonne of goods.

Figure 1.1: Above is a tractor with a trailer (one joint), and below is a tractor
with three trailers, type DUO-trailer (three joints). The placement of the joints are
shown by the red arrows.
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However, some challenges with using longer HCT vehicles have been identi�ed,
one problem being a more time-consuming reversing and coupling of the vehicle
combination (Larsson et al., 2022). Due to the increased number of joints, from zero
or one to two or three joints, and the length of the combination the reversing of an
HCT combination is more di�cult than with a standard combination. A more time-
consuming reversing may hinder a hauler from choosing to use an HCT combination,
and by that do not gain the more energy-e�cient transport. Consequently, there is
a need for making the reversing with an HCT combination more time e�cient.

1.2 Problem identi�cation and analysis

Volvo GTT has had many projects with HCT combination between year 2007-2023.
During these years problems have occurred in the projects, which later have been
solved, for example traction problems that arose due to the increased GCW (Gross
Combination Weight). However, many of the projects have had combinations that
mostly have been driven forward, without a need for reverse driving in the daily
work. Problems identi�ed from the reversing actions are presented below in �gure
1.2 (yellow boxes). The problems have arisen from two main factors (red boxes),
which are presented more thoroughly below.

Figure 1.2: Downstream problems from the time pressure and the time-consuming
reversing actions.

1.2.1 Problems that have arisen from the time-consuming
reversing actions in previous HCT projects

In one of the latest projects, Highly Automated Freight Transport, also called
Autofreight-1 (Vinnova 2016-05413 and 2016-05415), the problem with reversing
with an HCT combination occurred and a�ected the result of the project negatively
(Larsson et al., 2022). In the project, an HCT combination (type DOU-trailer as
seen in �gure 1.1) was driven back and forth between the Gothenburg harbor and
Viared industrial area. At the two endpoints of the journey reversing actions were
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needed and some of the drivers had di�culties with this. Especially drivers who
were unfamiliar with longer vehicle combinations had these di�culties and needed
more time for the reversing actions. The longer, but also unpredictable, time in
the endpoints led to negative results for the project. It was one of the reasons why
it was not possible to drive three journeys a day, which was predicted before the
�eld test started. Further, the unpredictable time for the reversing actions together
with the Swedish regulation of driving and resting periods, and the need of taking
a break after 4 hours and 30 minutes (Transportstyrelsen, 2023a), made it di�cult
for the drivers and haulers to plan the day ahead. Another problem that has arisen
from other HCT projects is that the di�culties with the reversing actions have led
to damage on the used vehicle combinations when the reversing actions are not
correctly done. These damages can be costly to �x and may lead to downtime for
the combination.

These three main problems led to the question being raised about what the drivers'
needs are while reversing, and what support or training systems there are on the
market that can solve those needs and decrease the reversing time.

1.2.2 Time pressure in the haulage industry

During an ordinary workday, more than a third of the workers in the haulage
industry in Sweden are stressed. In 2020, Länsförsäkringar released a report on the
Challenges on the road for the transport and haulage industrywhere they address,
among other things, the problem with the time pressure that leads to a stressful work
environment for both drivers and haulers (Länsförsäkringar, 2020). As mentioned
above, the reversing actions in Autofreight-1 were extra time-consuming and were
increasing the stress even more for the drivers (Larsson et al., 2022). Although
the main problem came from the fact that the project results were not met within
Autofreigt-1, one may also see the possibility to reduce the stress for the drivers
and haulers and therefore contribute to a better working environment for them by
reducing the time for the reversing actions.

1.3 Purpose

The thesis aims to recommend solutions to decrease the reversing time for HCT
combinations by investigating the drivers' needs while reversing with an HCT
combination. From those �ndings, the project will further recommend solutions
or support systems to ful�ll the needs and lead to a less time-consuming reversing
action.
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1.4 Research questions and objectives

To achieve the expected purpose of the thesis �ve research questions were formed
to more clearly understand what information needs to be collected before a
recommendation can be done.

1. What are the drivers' needs when reversing with a longer HCT combination?
2. What external environment aspects (for example weather conditions) may

a�ect the reversing actions?
3. What support systems for reversing (mounted after production) are available

on the market today?
4. To what extend can training in a simulator ful�ll drivers' needs as compared

to practicing in real life?
5. Which solutions can ful�ll the drivers' needs and decrease the time for making

a reversing action?
hejhej
From the purpose and the research questions a objective can be presented.

ˆ Based on the gathered information derived from the research questions,
recommendations should be presented aimed at decreasing the time spent on
the reversing actions.

1.5 Demarcations

In order to ful�ll the project some limitations have been established to frame the
process. Below is a list of the selected demarcations:

ˆ The time of the project is restricted and due to this some planned activities
may not be as completed as intended. Some activities in the time plan was
more important and needed enough time to be ful�lled. Due to this, some
activities was less prioritized that what was originally planned.

ˆ HCT combinations can be both heavier or longer than the legal combinations
used on the roads today. However, in this project, the focus will be on the
longer HCT combinations (longer than 25.25m).

ˆ The project focuses on HCT combinations and support systems used for
HCT combinations. It will not be taken into account how the systems a�ect
reversing with a standard combination or how haulers can use the support
systems on other non-HCT combinations in their �eet.

ˆ The project is limited to the Swedish market and the recommended solution
should operate in Sweden and on Swedish road conditions.

ˆ Within the project, many drivers were involved. It was aimed to only use
drivers who had driven longer HCT combinations in daily work. However, in
parts of the study, this limitation was exceeded due to the limited amount of
HCT drivers close to Gothenburg. However, all used drivers within the thesis
had CE-drivers license.

ˆ Within the project, recommendations will be presented aimed at decreasing
the time for reverse driving. The recommendation will not focus on which
solution or recommendation generates the fastest reversing time.
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1.6 Outline of the report

The report is built up of six chapters, with additional appendixes. The study,
however, has �ve main stages, which are explained further in chapter two.

1. Introduction - The �rst chapter in the report describes the background of
the thesis, along with the purpose, research questions, objectives, and demarcations
for the project.

2. Methodology - The second chapter presents the methods used in the thesis
and explains the �ve main stages of the project: Prestudy, Identify drivers' needs,
Market analysis, User experience study, and Data synthesis.

3. Prestudy - Thirdly the results from the prestudy are presented. The prestudy
is represented by relevant theory for the reader to better understand the project.

4. Results - The fourth chapter presents the results from the remaining four
stages presented in the methodology. The main results here are: insights from the
drivers' needs study, SWOT analyses of products on the market, results from the
user experience testing using a simulator, and �nally a �nal recommendation of how
to decrease the time for reversing actions for HCT combinations.

5. Discussion - The �fth chapter is discussing aspects of the project, for example
changes from the original plan and unpredicted events that occurred.

6. Conclusion - Lastly, a summary of the result is presented in the concluding
chapter.

Appendix A - Interview guide - The �rst appendix presents the used questions
in the interviews.

Appendix B - A�nity diagram - The second appendix presents the complete
a�nity diagram.

Appendix C - Feedback grid - The last appendix presents a feedback grid
containing all mentioned opinions.
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2
Methodology

During the project time, many di�erent methods have been used and these methods
are presented in this chapter. The project was divided into �ve di�erent stages,
as seen in �gure 2.1. The di�erent stages will be described more thoroughly below
along with the used methods for each stage.

Figure 2.1: Overall process chart of the project.

2.1 Prestudy

The �rst stage of the project was to conduct a prestudy. The study was made
to increase the knowledge of the subject and the problem. Further, the study
also generated information that supported the selection of methods for the project.
The information for the prestudy came mostly from internal documents, while the
information on the methods came from di�erent sources, for example educational
books or websites.

2.2 Identify drivers' needs

The second stage was to identify customer needs, namely the drivers' needs. The
identi�cation of customers' needs is important when developing products, or in
this case, to map what needs a driver have to ful�ll a reversing action. The
identi�cation of customer needs helps with, for example, ensuring that a solution
solves the customers' needs and that no important needs are unnoticed (Ulrich et
al., 2020).

This stage was divided into seven steps, as seen in �gure 2.2, and each step is
described further below. The seven steps are built up on each other and need to be
ful�lled in order. However, from the data collection to the empathy maps the
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Figure 2.2: Process over the identification of the drivers’ needs.

methods are done for each interviewee. This means that the steps will be done once
for each interviewee, shown by the multiple arrows in figure 2.2 and not all at once.

2.2.1 Plan the drivers’ needs study
Before a customer needs study is conducted a plan needs to be made. For the
interviews, an interview guide was important to structure the interview and to
ensure that the right information is collected (Ulrich et al, 2020).

During the planning stage, the participants for the study was selected. Since
the study was decided to be qualitative, the result may differ depending on who
participates. Ulrich et al. (2020) mention that with the help of lead users the
customer needs can be established more efficiently. Lead users are advanced users
and they have used the product more than the average. The lead user is usually
one step ahead of the normal user and has insights the usual user does not gain
at the same time span. For this project, the lead users were the drivers of longer
HCT combinations. However, it is also argued that at least 10 interviews should
be conducted to prevent the result to be inadequate. The study aimed to have at
least 10 interviews with HCT drivers and additional drivers were aimed to be used
if it was not possible to interview 10 HCT drivers. The study was able to obtain 5
HCT drivers, 3 non-HCT drivers, and 2 drivers who had driven HCT, but who do
not drive it on a regular basis.

2.2.2 Data collection using semi-structured interviews
Interviews are a data collection method used to gather for example user experiences,
behaviors, or opinions to name a few (Wikberg Nilsson et al, 2021). Interviews
can have different aims depending on when in the process the method is used.
In this stage, it was used as a data collection method. Namely, the goal of the
interviews was to gather information and later use the information to establish
drivers’ needs. The interviews were semi-structured, meaning that some questions
were stated beforehand, however, the interviewee had flexibility when answering the
questions and the interviewer was able to ask supplementary questions if needed.
Additionally, all questions were not asked to each interviewee, since the interviews
could be adapted along the way. An example was if the interviewee already answered
a question in an earlier answer, then the question was not included or rephrased.
Due to this, the interviewer had to focus on the interview and select which questions
to ask during the conduction. Leading to difficulties of taking notes at the same time
as the interview was conducted. By recording the interviews it gave the interviewer
the possibility to focus on the interview, rather than taking notes.
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The interviews were approximately 30 minutes long and consisted of 36 questions
with additional supplementary questions which were asked if the answer from the
driver was not informative enough. The interview was divided into four parts:
Questions about you as a driver, Reverse driving, Coupling and de-coupling, and
Practice before driving. The part about Coupling and de-coupling was not asked to
all drivers, since some drivers did not couple or decouple during their workday. For
the complete interview guide see Appendix A - Interview guide.

The interviews with the HCT drivers were made during their workday in their
truck or through a phone call. By carrying out the interviews in the truck it was
both suitable for the drivers, since they did not have to change their workday,
and for the study, since observations were carried out during the same journey;
interviews while the driver was driving forward, and observations while the driver
was reversing. The selection of the HCT drivers was made by first focusing on
the HCT drivers in Volvo GTT’s ongoing HCT projects and within that selection
select drivers based on availability and driving location. Since it was prioritized to
interview drivers close to Gothenburg for easy access and the ability to observe at
the same time as the interview was executed, the focus was laid on Volvo GTT’s
HCT projects close to Gothenburg.

For the non-HCT drivers, the interviews were made through video communications
tools (Teams), since no observations were needed and to make it easier for them
since the non-HCT drivers were test drivers with varying workplaces. The drivers
were randomly selected from a list of test drivers which was obtained by a Volvo
GTT employee who works with user experience clinics. The time for these interviews
was approximately 20 minutes and the same interview guide was used. However, all
HCT-related questions were not asked.

In total 10 interviews with drivers were made; five HCT drivers, three non-HCT
drivers, and two Volvo employees who had driven HCT but not on a regular basis.
Since the drivers were either driving in one of Volvo GTT’s HCT projects or was an
employee at Volvo GTT, all drivers were driving Volvo trucks during the interviews.

2.2.3 Data collection using observations
During the four interviews that were performed in a truck, additional observations
were done. Observation is a method used for identifying unmentioned needs
(Wikberg Nilsson et al, 2021). However, it also helps the participant to realize needs
in specific contexts or situations, for example when reversing. The observations
were used to support the information collected from the interviews and allowed
unmentioned needs to be found. During the observations, the driver was asked to
perform a reversing action, and at the same time try to explain what they did.
Since the driver was performing this action in their daily work, it was limited to the
planned reversing action and the drivers were told to only speak when he or she felt
comfortable with it. During the observation, notes were taken during the reversing
and were used later in the empathy maps as collected data.
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2.2.4 Transcription
After each interview, the recorded audio was transcribed. A transcription can
be made for different reasons, for example to easier find citations or to have a
document where one could scan for keywords (Semantix, n.d). In this project,
the transcriptions made the process of making empathy maps and later an affinity
diagram easier. This since the interviews were heard two times each, both during the
execution of the interview and while transcribing. It was also to provide a document
with information that was easier to analyze than a recording.

2.2.5 Empathy maps
With the data from the interviews and the observations, an empathy map was made
for each interviewee. An empathy map is used to obtain a deeper understanding of
the customer, in this case the driver (Bland, 2020). The mapping uses the collected
data and analyses the interviewee in four aspects; says, thinks, feels, and does. With
these four aspects the method helps to go beyond what the interviewee says or does
and it helps to contextualize the data which was beneficial later when personas were
made. In figure 2.3 two empty empathy maps are shown. For each person the
digital post-its are filled in and depending on the amount of information from the
interviewee the number of post-its for each aspect can vary. Further, there is no
maximum limit for the number of post-its for each aspect or each interviewee, the
number is determined by the collected information. The purpose of the empathy
maps for this investigation was to visualize the collected data with post-its, but
mostly as a step between and as a support of the translation from a transcribed
document to an affinity diagram.

Figure 2.3: A blank empathy maps.
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After each interview and transcription, the empathy map was filled in. The empathy
maps were done digitally, and the post-its were in a digital form within a tool called
Figma (Figma, 2023). From the transcription, quotes were extracted and placed
on post-its within the aspect Says. Further, from the observations post-its within
Does were filled out from how the interviewee acted during the observation or from
how they told they acted during a reversing. For the aspects of Thinks and Feels,
the transcription and notes from the observations were further analyzed and aspects
beyond what was said or done were formed. An example is if a driver talked about
their driving and how good they are, the thinking may be "Why should I not be
able to reverse with a HCT combination, I am good at driving and have a lot of
experience".

2.2.6 Affinity diagram
After the data was collected and contextualized, it was sorted by making an affinity
diagram. The method is used when information of a larger volume needs to be
clustered to be able to identify insights, for example customer needs (Dam & Siang,
2022). The method can be used in different stages of the process, and in this project,
it was used to cluster information from the interviews and the observations to gain
insights, which later was used in order to make personas and draw insights. As seen
in figure 2.4 the post-its from the empathy maps were sorted into different groups
and the information goes from a personalized sorting to a sorting depending on
different groups. However, it was still possible to see which aspect of the empathy
map each post-it belonged to.

Figure 2.4: Example of how the post-its can be sorted within two topics.
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2.2.7 Personas
Personas is a method where one or more fictitious descriptions of a person are
made and used to represent the needs of a target group, in this case drivers’
needs (Wikberg Nilsson et al, 2021). Collected materials, from example interviews,
statistics, or observations, are used to build a persona. Personas are used in
complement to using data and statistics and have a fictive description of the target
group which gives the developer more empathy for them.

In this project, three personas were made, two representing HCT drivers and
one representing non-HCT drivers. This was made since the drivers had different
experiences from before, and also different needs as drivers. To be able to present as
many opinions as possible, three different personas were made. The personas were
written in a format starting with background information about them, continuing
with their attributes, and ending with their needs as drivers.

According to Wikberg Nilsson et al (2021), a persona is created by six steps.
In this study three of these steps are represented by steps presented earlier in the
process seen in the parentheses below:

1. Map context (Data collection)
2. Contextualize the data (Empathy map)
3. Search for patterns (Affinity diagram)
4. Create a living character
5. Create a scenario
6. Validate persona

2.2.8 Insights from drivers’ needs study
After the personas were made, a list of the insight from the drivers’ needs study was
conducted. The list of insights states what the drivers’ needs are when reversing
with an HCT combination and which hands-on problems need to be solved in order
for the drivers to make the reversing less time-consuming.

2.3 Market analysis
In parallel with the identification of the drivers’ needs, a market analysis was
performed as a benchmarking of the products on the market used as aids while
reversing. The found products were later analyzed through SWOT analyses, in
order to be compared to each other.

2.3.1 Benchmarking products on the market
Benchmarking is a method where existing products on the market are studied (Ulrich
et al, 2020). The method can be used to study functions, sub-solutions, complete
solutions, etc. In this project, existing products on the market that supports the
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driver while making a reversing action were studied. A limitation was set to not
study products that needed to be ordered when the combination was ordered. The
benchmarking in this project was divided into three steps:

1. Fast overview search, for an overall understanding of the products on the
market.
2. A plan for the benchmarking.
3. Execution of the benchmarking.

The aim of the benchmarking in this investigation was to find what products
were available on the market, and later analyze the products with SWOT analyses.
During the first stage, rather few products were found which were not removed
by the limitation. Due to this, the plan for the benchmarking was set to a short
limited time for the search, approximately 1 hour per day for three weeks, which
gives 15 hours in total. The plan also included a low limit for the minimum number
of products to be found to be three products.

During the execution of the benchmarking four product categories were found,
which later were analyzed in SWOT analyses. The time for the benchmarking
ended up being 18 hours, this since some extra time came up during the interview
stage.

2.3.2 SWOT analysis of products used as aids while
reversing, on the market today

To analyze the result from the benchmarking further, a SWOT analysis was made
for each of the four product categories found on the market. In a SWOT analysis
products or other things, for example business plans, are analyzed in four different
aspects: Strengths, Weaknesses, Opportunities, and Threats (Raeburn, 2021). The
aim of the SWOT analyses was to use it as a tool for comparing the different product
categories to each other and later used in the final recommendation.

2.4 Usability testing with a simulator
A part of the project was to validate if practicing reverse driving in a simulator,
described more below, before making a real life reversing action would be a useful
tool for learning to reverse with an HCT combination or not. To validate this a
usability test was made with a cab simulator. A usability test is useful to gather
insights and realize how the user interacts with a product (Wikberg Nilsson et
al, 2021). Since the used simulator was not verified by real drivers, the aim of
the usability test was both to validate the realism of the simulator and additional
verification of the thought of using the simulator as a tool for practicing reverse
driving with HCT combinations.
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The testing was arranged by inviting drivers and Volvo GTT employees to the
simulator and letting them drive in it. During the test 12 participants were driving
the simulator; 3 HCT drivers, 3 non-HCT drivers, and 6 Volvo employees. All
participants had a CE-drivers license, which is needed for driving combinations
with trailers (Transportstyrelsen, 2023b).

Each participant was scheduled for 60 minutes, with a maximum driving time
of 50 minutes. If additional time was available, the driver could drive for a longer
time. The driving was divided into five parts, where the first, second, and last parts
were always included. The middle parts depended on the driving ability of the
driver. The parts were:

1. Information of the test and the driving scenario (approximately 5 minuter).
2. Driving in the scenario with a tractor - semi-trailer.
3. Driving in the scenario with a Long link combination.
4. Driving in the scenario with a DUO-trailer.
5. Concluding questions and opinions (approximately 5 minuter).

hej
Within the first part, information about the scenario in the simulator was given
to the participant, as well as the risks of driving in the simulator. Furthermore,
there was an opportunity for the participant to ask questions before written consent
was given. After consent was given the driving parts (2-4) were performed by the
participant. The time for each driver to reverse with the different combinations
was noted. Depending on the performance of the driver, there was a different
amount of time spent on each combination. However, everybody drove the tractor
- semi-trailer, even if it was the easiest combination to drive, to get used to the
simulator before trying one of the more difficult combinations. Two examples of
different driving times are presented below, with a total driving time of 50 minutes:

• Tractor - semi-trailer [5 minutes], Long link combination [15 minutes], DUO-
trailer [30 minutes]

• Tractor - semi-trailer [10 minutes], Long link combination [40 minutes], DUO-
trailer [0 minutes]

hej
In order to be able to evaluate the result from the usability testing, feedback grids
were used during the testing. A feedback grid, see figure 2.5, is a tool used in testing
(Co-Creating Well-Being, n.d.). With the grid, constructive criticism is collected
from the drivers in a simple way. The grid can be used both while executing the
test, as well as afterward.
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Figure 2.5: Feedback grid.

By asking four questions, listed below, opinions can be collected by either letting the
participants fill out the grid by themself or by asking the questions and taking notes:

1. What did you like about the simulator?
2. What did you dislike or want to improve with the simulator?
3. What did you not understand?
4. Do you have any new ideas or improvements for the simulator?

hej
In this investigation the feedback grid was filled out during the test and the questions
were additionally asked after the test to ensure nothing was left out. However, even if
these four questions were always asked, there was room for discussion and questions
from the participant. After each answer the question "Why?" was further asked
to provide more clarity in the answers, before the question was repeated until no
further answers were given. For example, if the participant named something they
liked, they were asked why before they were asked what more they liked.

2.4.1 The simulator
The simulator used in the usability testing was a cab simulator developed by Oryx
Simulations AB (Oryx, 2023), seen in figure 2.6. The cab has been reconstructed
and the windows have been replaced with four tv screens instead, see figure 2.7.
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Figure 2.6: The cab simulator from
the outside.

Figure 2.7: The cab simulator with a
door open.

The simulator was equipped with extra PiP (Picture in Picture) views that could
be used while driving to assist the driver, seven PiP views on the left side and one
on the right side. The most commonly used PiP view was the top view, the view
on the right side, seen in figure 2.8. The PiP views were easily turned on and off,
and used if the participant felt unsure with the combination and wanted to use it.

Figure 2.8: The top view seen on the right screen.

2.5 Data synthesis
The final stage of the project was to analyze all the collected data within the project
and compile it into final recommendations, using a thematic analysis. A thematic
analysis is a method used for qualitative research, where themes are derived from
the collected data by identifying patterns (Damyanov, 2023). During this analysis a
deductive approach was chosen, meaning that the analysis was made with expected
themes. Each need found during the drivers’ needs study was chosen as a theme, and
during the thematic analysis, the results were divided between the themes. When
the data was divided into themes the result was examined and recommendations

— page 16 —



2. Methodology Aime Vesmes

were formed. The recommendations consist of both solutions that help the driver
while making a reversing action and solutions that help the driver with training
before the reversing action is performed. The recommendations were divided into
three receivers: Volvo GTT, haulers, and terminals.

2.6 Considerations
A couple of considerations needed to be considered throughout the project. Since
the project had a lot of user contact and data collection through individuals, their
ethical safety needed to be protected.

2.6.1 Ethical Aspects
In this investigation, ethical aspects were considered important and the investigation
was conducted ethically. It is, according to Denscombe (2014), a fundamental feature
to research in an ethical manner, and not a choice for the researcher.

During the data collection, it was important to make the participants feel safe.
The participants were informed that they will be anonymous during the whole
investigation. Clear instructions and information were provided to the participants
before any data collection was made. It was clearly stated before the interviews,
observations, and usability testing what was going to happen for each session and
how the collected data would be used, and consent of the participants was required
beforehand. The participants were also informed in advance that if something felt
wrong, it was possible to end the session at all times. No description was needed why.

Since some of the interviews and the observations were conducted in the truck
while the driver was doing their daily work, it was important to not disturb any of
their daily work. For example, if somebody called during the interview, the driver
got the time to answer the call, and the interview and the recording were paused.
Although the daily work environment was an advantageous place to observe, it
should not disturb the daily work of the drivers. Due to this, the drivers were also
informed that if a pause was needed during the interview, it was no problem for the
interviewer.

During the usability testing with the simulator, there was a risk of people feeling
motion sickness during driving. To avoid any harm to the participants, they were
informed beforehand of the risks of motion sickness while driving in a simulator and
it was clearly stated that the participants should inform if any unwanted symptoms
arose. If the participant felt any unwanted symptoms from the simulator, the test
took a pause, the participant walked out of the simulator, and after a break, the
participant decided if another try was carried out or not. Even if as many HCT
drivers as possible were wanted in the testing of the simulator, nobody should feel
harmed by the investigation or forced to participate in the usability testing.
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The protection of company information was also of importance in the investigation.
All HCT drivers and Volvo employees had signed a Non-disclosure agreement with
Volvo GTT. Any information provided from the drivers that was classified, will not
be presented outside of Volvo GTT. This agreement prevented unwanted stress from
the HCT drivers during data collection. It additionally protects Volvo GTT from
harm, by carefully reviewing what would and would not be published.
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Prestudy

During the prestudy, an initial information search was made to gain information
and knowledge regarding the subject. The prestudy aimed to gather information
the reader may need to understand the context of the report. During the prestudy,
three main areas were explored and are presented below; High Capacity Transports,
Different vehicle combinations, and A driver’s transport mission.

3.1 HCT - High Capacity Transports
In 2007 Volvo started, together with Skogforsk, a project aiming for longer and
heavier vehicle combinations, called VETT (Volvo En Trave Till, translated to
Volvo One More Pile) (Fröjd et al., 2021). Already during that time, it was
understood that the CO2 emissions needed to be reduced, and by connecting a
truck with multiple trailers the combination was able to carry more goods, reducing
the amount of emissions per transported tonne of goods (Larsson et al., 2022).
Another goal of using HCT combinations was to reduce the number of vehicles on
the roads and thus reduce road accidents. These factors were the starting point
for HCT combinations, namely, combinations with higher capacity than what was
allowed in 2010 (L. Larsson, personal communication, April 21, 2023).

By using an HCT combination with a GCW of 90 tonnes (34m long), instead
of a GCW of 60 tonnes, would reduce the CO2 emissions by 20%. However, for
volume-based goods, there was a particular need for longer vehicle combinations in
order to reduce the CO2 emissions per transported volume of goods. As seen in
figure 3.1, a reduction by 27% of the CO2 emissions can be achieved (Fröjd et al.,
2021).
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Figure 3.1: Differences between ordinary combinations and HCT combinations, in
terms of volume (Fröjd et al., 2021).

HCT combinations have been driving as test vehicles since 2009 and are still on
trial today. The results from the tests have been positive and during the research
time, Sweden has increased the legal limit for GCW two times; from 60 tonnes to
64 tonnes in 2015, and from 64 tonnes to 74 tonnes in 2018 (Larsson et al., 2022).
Soon the length will also be increased to 34.5m, from the earlier limit of 25.25m (L.
Larsson, personal communication, April 3, 2023).

3.2 Different vehicle combinations
A vehicle combination is built up by connecting modules into a combination. The
combination starts with a truck, which can have two different types of layouts.
The most significant difference between the two layouts are that a rigid truck can
transport a load by itself, while a tractor truck (from now on called a tractor) cannot
transport a load by itself, as seen in figure 3.2.

Figure 3.2: A rigid truck to the left and a tractor to the right.
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Further, another di�erence between the two is how the modules after the truck,
trailers, are connected, by a coupling and drawbar, yellow arrow in �gure 3.3, or by
a �fth wheel, green arrow in �gure 3.3. A rigid truck has only couplings for drawbars,
while a tractor has a �fth wheel and can have an additional coupling for drawbars.
Additionally, there are many di�erent types of rigid trucks and tractors, and the
speci�cations for a truck have many parameters that can di�er. These di�erent
parameters a�ect many di�erent things, for example how the vehicle behaves, which
can di�er depending on, for example, the wheelbase or the amount of horsepower.
For this section, these di�erences are, however, not signi�cant.

Figure 3.3: Fifth wheel (green arrow) and coupling for a drawbar (yellow arrow).

When driving a vehicle combination one truck is combined together with one or
more trailers. There are �ve types of trailer modules: Full trailer, Centre-axle
trailer (CAT), Link trailer, Semi-trailer, and Converter dolly, as shown in �gure 3.4
(Fröjd et al., 2021).

Figure 3.4: Trailer modules.
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Similarly to the trucks, each trailer module has many di�erent setups and can behave
di�erently. However, some standardization has been made between the modules and
they are presented in table 3.1. An example of di�erences between trailer modules
can be the number of axles and the wheelbase.

Table 3.1: Speci�cations for the trailer modules.

Trailer module Connection front Connection rear Loading possibility
Full trailer Drawbar None 40/45 foot / 13.6m

CAT Drawbar Drawbar/None 20 foot / 7.82m
Link trailer Fifth wheel Fifth wheel 20 foot / 7.82m
Semi-trailer Fifth wheel Drawbar/None 40/45 foot / 13.6m

Converter dolly Drawbar Fifth wheel None

Each vehicle combination has one truck and can, legally, have a maximum total
combination length of 25.25m (Transportstyrelsen, 2021). Within this length
requirement, as well as several other requirements presented by Transportstyrelsen
(2021), there are �ve standard combinations in Sweden, seen in �gure 3.5. As seen
in the �gure, three out of �ve combinations have two trailers after the truck, and
depending on the layout of the combination, di�erent trailer modules are used.

Figure 3.5: Swedish standard vehicle combinations.

Namely, a vehicle combination is built up by one truck and up to two trailer modules
to be within the regulations in Sweden. Di�erent countries have di�erent legislation
regarding length measurements and combination types. An HCT combination, as
mentioned above, is a combination with higher capacity than what the legislation
allowed 2010 (L. Larsson, personal communication, April 21, 2023). In Sweden, an
HCT combination is a combination with a GCW over 60 tonnes and/or a length
above 25.25m. These combinations are driving with special permissions and on
speci�c road networks. Within Volvo GTT �ve di�erent longer HCT combination
layouts, seen in �gure 3.6, are or have been on trial. The HCT combinations are
built up by a truck and up to three trailer modules, with a total length of up to
34.5m. In comparison to a Swedish standard combination, with up to two joints, an
HCT combination can have up to three joints. This extra joint makes the drivability
of the combination much more di�cult when reversing.
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Figure 3.6: HCT-combinations on trial in Sweden. The red arrows shows the joints
for each combination.

The combinations in �gure 3.6 are:

1. ETT-combination: Rigid truck - Converter dolly - Link trailer - Semi-trailer
The ETT-combination (En Trave Till, translated to One More Pile), also called
AB-double, is a combination with three joints. The combination was on trial within
Volvo GTT in northern Sweden between the years 2009-2018 and transported
timber. This combination will soon, around the beginning of 2024, be legal to drive
on a limited road network (L. Larsson, personal communication, April 11, 2023).

2. DUO-Trailer: Tractor - Semi-trailer - Converter dolly - Semi-trailer
The DUO-trailer, also called A-double, is a combination with three joints. The
combination is driven in two di�erent projects within Volvo GTT:

ˆ DUO-project: Two combinations driving freight with box trailers, have been
driving since 2012.

ˆ Autofreight: Two combinations driving freight with open trailers where
containers are loaded on top, have been driving since 2020.

This combination will soon, probably around the beginning of 2024, be legal to drive
on a limited road network (L. Larsson, personal communication, April 11, 2023).

3. DUoETT: Tractor - Semi-trailer - Full trailer
The DUoETT is a combination with two joints. The combination is driving timber
with timber trailers in a Volvo GTT project and has been driving since 2020.

4. DUO-CAT: Rigid truck - CAT - CAT
The DUO-CAT, also called C-double, is a combination with two joints. There are
two combinations on trial within Volvo GTT which drives freight transports with
swap bodies. The �rst combination was driven in a project between 2015-2017 and
in another project since 2018. The second combination has been driving since 2020.

5. Long link combination: Tractor - Link trailer - Semi-trailer
The Long link combination, also called B-double, is a combination with two joints.
However, in this speci�c combination, the link trailer is longer than a usual link
trailer (can take a 40/45-foot container instead of a 20-foot container). There are
two combinations on trial within Volvo GTT, driving containers, and they have
been driving since 2021.
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As seen from these combinations, the di�erent truck and trailer modules can be used
in several di�erent formations. It is di�cult to say which combination is the best
since each combination has advantages and disadvantages. The choice of modules is
dependent on many factors, for instance, what goods should be transported within
the transport mission or how the hauler uses the di�erent modules in their �eet.

3.3 A driver's transport mission

The purpose of a transport mission is for the driver to transport goods using a truck.
The transport missions for a driver can vary a lot. In this investigation the transport
missions have been divided into three categories; 1. The repetitive driving, 2. The
circle driving and 3. The distribution driving, as seen in �gure 3.7.

Figure 3.7: Di�erent kind of transport missions. The yellow markers represent
continuous locations, and the pink ones represent temporary ones.

1. The repetitive driving is a �xed transport mission where the transport is
between two �xed endpoints. With this transport mission, it is known what kind of
endpoints there are on the mission, and which actions are needed on each endpoint.
The driver is, in other words, prepared for what actions are needed along the
transport mission.

2. The circle driving is similar to the previous, the only di�erence is that more
endpoints are visited throughout the transport mission. However, the endpoints are
known and the driver knows what is needed throughout the transport mission.

3. The distribution driving (pickup and delivery) is the most demanding
transport mission for the driver. Each day new endpoints may be visited and
information on the endpoints may come late, or not at all beforehand. This
transport mission can be demanding since the lack of knowledge can lead to
unwanted situations at the endpoints.

For each category of transport mission, the endpoints are usually the most
demanding part of the journey for a driver. There are many di�erent kinds of
endpoints which are more or less suitable for HCT combinations. Throughout the
transport mission, it is usually at the endpoints where the combination is making
the reversing actions. Unless something unpredictable has happened along the way,
for example an accident, where a reversing action may be needed during the journey
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as well. To be able to understand the di�erent demands of di�erent endpoints, three
of the most common reversing actions at the endpoint will be presented below.

3.3.1 Reverse into a slot

At some terminals, there are speci�c slots where the drivers should reverse into.
The slots are marked on the ground by lines and can be of di�erent sizes. One
example of a terminal with slots is the Gothenburg harbor. As seen in �gure 3.8 the
combination should reverse into the yellow marked area. However, there is limited
space both in the front and by a line in the back. The combination also needs to be
inside the sidelines, which means that it needs to be straight. The slots in the harbor
are there to show where the combination needs to be placed in order to enable the
loading and unloading of containers. If the combination is not well enough placed in
the slot, the straddle carriers used for the loading can not access the needed areas.
For these speci�c slots, it is possible to reverse past the slots and later drive forward
again to straighten the combination, which simpli�es the reversing. However, that
is not always possible. For longer HCT combination the area becomes more narrow
than for shorter combinations.

Figure 3.8: Reversing into a slot at Gothenburg harbor, annotated screenshot from
Oryx simulator, and a illustration from above.

The di�culties with reversing into slots with HCT-combinations are:
ˆ Cramped areas which leads to less room for maneuvering the combination.
ˆ To get the combination straight due to the higher number of joints.
ˆ In some places some slots have more space, however, when it is crowded there

may not be a possibility to choose those slots.
ˆ At some terminals with slots the drivers are not allowed to exit the vehicle

outside the marked areas. This takes away the possibility to go outside and
look at the combination.

3.3.2 Reverse towards a gate

At many freight terminals the combination has to reverse towards a gate for loading
and unloading. The gates are marked by number and may have lines on the ground
for guiding the combinations. The terminal areas can be of di�erent sizes, and at
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some cramped terminals, the HCT combinations have to decouple before entering
the terminal and leaving one or two trailers outside the terminal. Further, if the
terminal is big enough for the HCT combinations, it usually decouples inside the
terminal anyway for easier reversing towards the gates. As seen in �gure 3.9 the
combination has a similar reversing pattern as the example above. However, in this
case, the yellow area is against a wall that the combination needs to reverse against.
If the reversing is not properly done there is a risk of damaging the rear of the
trailers.

Figure 3.9: Reversing towards a gate, annotated screenshot from Oryx simulator,
and a illustration from above.

The di�culties with reversing towards a gate with HCT combinations are:
ˆ Cramped areas lead to a need for decoupling of the combination outside the

terminal, resulting in longer time spent around the terminal area.
ˆ Due to the length of the combination the sight gets worse, resulting in a more

di�cult reversing. Usually, drivers decouple the combination while making
the reversing inside these kinds of terminal, which leads to a longer time spent
in the terminal.

ˆ A risk of damaging the rear of the trailers if the reversing is not properly done.

3.3.3 Open area

An open area can be both a larger or smaller terminal area. In these areas,
the loading and unloading vehicles are more �exible by the placement of the
combination and can adapt to the location of the combination. At some terminals,
the combination stands at a speci�c area where another vehicle either load or unload.
Usually, no reversing is needed when another vehicle load or unload directly from
the combination. However, at some terminals, the loading and unloading vehicles
place, for example, swap bodies inside a loading area and the combination needs to
reverse to load the swap bodies, as seen in �gure 3.10.

� page 26 �



3. Prestudy Aime Vesmes

Figure 3.10: A DUO-CAT combination to the right reversing towards a swap body
to later fasten it on the trailer, in an open area.

The di�culties with reversing on an open area:
ˆ Depending on the lineup of the swap bodies, the reversing can be more or

less di�cult. For example, the combination may need to be straight when
reversing to load the swap bodies.

� page 27 �



3. Prestudy Aime Vesmes

� page 28 �



4
Results

In this chapter the results of the investigation are presented. Firstly, the result from
the drivers' needs study is presented and analyzed. Secondly, the result from the
market analysis is brought up. Furthermore, results from the usability testing are
presented and analyzed. Lastly, �nal recommendations are presented.

4.1 Drivers' needs study

In order to make recommendations on how to decrease the reversing time, the needs
of the drivers have to be studied. In this section, the results from the drivers' needs
study are presented together with the found insights.

The study is divided into four main parts: Collection of data, analyzing the data
for each interviewee, analyzing the complete data, present insights.

4.1.1 Conduction of data collection

During the interview process, 10 interviews were conducted: �ve HCT drivers, three
non-HCT drivers, and two Volvo employees who had driven HCT combinations but
not on a regular basis. Four of the interviews with the HCT drivers were made in
the truck while the HCT driver was driving, and at these interviews, observations
were made as well. For the other six interviews, one was made by a phone call
while the driver was driving and �ve were made through a phone call or video
communication tools but not while the driver was driving.

The interviews were conducted in the language that was preferred by the driver,
Swedish or English. However, when English was used as the interview language,
there were still some language di�culties since the drivers who spoke English during
the interview did not have English as their native language.

A recording of the interview was made during the interview, which later was
transcribed into a document for each interview. For the observation notes were
taken during the reverse driving, and these notes were later used to make post-its
in the empathy maps.
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4.1.2 Establish empathy maps

After each interview was made and transcribed, an empathy map was made for each
interview. By doing an empathy map the interviews were analyzed and a deeper
understanding was obtained. This was made to contextualize the data into post-its,
to later cluster the data.

The empathy maps were made directly after each transcription in order to have
the interview as clear as possible in the mind. When making the empathy map the
interview had been heard two times due to the transcription, which was bene�cial
for a deeper analysis. For the analysis, four di�erent aspects were analyzed: says,
thinks, feels and does, which can be seen in �gure 4.1. In order to not exceed
anonymity for the interviewees, the empathy map in the �gure is for person X which
is a person made by taking random statements from several interviewees. The �gure
is also limited to only having �ve post-its for each aspect, the interviewees had up
to 17 post-its for each aspect.

The results from the empathy maps were a visualization of speci�c driver opinions,
and a step toward the �nal insights for the drivers' needs. The purpose of the
empathy maps was to translate the transcription and observation notes into post-its,
with additional deeper analysis. The results for each empathy map will, however,
not be presented as there is a risk of jeopardizing the anonymity of the participants.

Figure 4.1: Empathy map for person X, the post-its are a mix from di�erent
interviewees.
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