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ABSTRACT
The biggest shift in the automotive industry lies ahead. Autonomous vehicles create both curiosity and skepticism among drivers and 
people around. Autonomous vehicles, more specifically trucks, will not be utterly self-driving overnight. The whole transformation 
will take place in different phases. When a vehicle does not need a driver behind the wheel, new needs will arise. This is where this 
project comes into play. On behalf of Scania, a new driver’s seat shall be developed for new needs from the drivers for autonomous 
trucks of type 4. The project was carried out at Scania’s design department for cabin interiors. The project aimed to develop new 
needs for the future autonomous level 4 trucks in order to develop a driver’s seat that meets these needs.

The project began with a planning phase in which the goals and the time frame for the project were set up. The project was then 
implemented in four different phases inspired by CDIO (n.d.). The work began with a benchmarking on existing trucks and passenger 
cars, but also on the future visions of different competitors regarding autonomous vehicles. Much work was put into understanding 
theories and interpreting relevant information. The users were used early in the project in the form of interviews, observations, and 
a survey that reached 299 truck drivers. The work then continued with various forms of brainstorming both within the project group 
and together with engineers from the group at Scania. The final work contained a CAD model of both prototype, CAID models of the 
final design, and a prototype scale of 1:1.

The final result of the project is a new driver’s seat with the possibility of pushing the seat almost three times further back than the 
current seat. It can now be done when the driver’s seat is part of the bed. During the user study and the brainstorming, new needs 
were taken from the perspective of the sun being able to adapt to three different positions; rest, drive, work. The new driver’s seat 
now gives the drivers this opportunity. The result of this project may be more effective in driving the driver, which benefits both Scania 
and the customers in the form of the drivers being able to drive longer than previously allowed.

Keywords: Technical design, Ergonomics, Autonomous vehicles, Truck, Driver’s seat, MSc, Interior, Vehicles, Future, Product design, 
Demand identification, User experience.



SAMMANFATTNING
Det största skiften inom fordonsbranschen ligger framför oss. Autonoma fordon skapar både nyfikenhet och en skepsis bland förare 
och människor runt omkring. Autonoma fordon, mer specifikt lastbilar, kommer inte bli helt självkörande under en natt. Hela för-
vandlingen kommer ske i olika faser. När ett fordon inte behöver en förare bakom ratten kommer nya behov uppkomma. Det är här 
det här projektet kommer in i bilden. På uppdrag av Scania, ska en ny förarstol utvecklas för nya behov från förarna för autonoma 
lastbilar av typen nivå 4. Projektet är ett examensarbete gjort av två studenter vid utbildningen civilingenjör inom teknisk design med 
inriktning produktutveckling, vid Luleå tekniska universitet. Projektet genomfördes på Scanias konstruktionsavdelning för hyttint-
eriör. Målet för projektet var att ta fram nya behov för framtidens autonoma nivå 4 lastbilar för att sedan utveckla en förarstol som 
uppfyller dessa behov. 

Projektet började med en planeringsfas där målen och tidsramen för projektet sattes upp. Projektet genomfördes sedan i fyra olika 
faser inspirerade av CDIO (n.d.). Arbetet började med att en benchmarking gjordes på befintliga lastbilar och personbilar men även 
på olika konkurrenters framtidsvisioner gällande autonoma fordon. Mycket arbete lades på att förstå teorier och tolka relevant infor-
mation. Användarna användes tidigt i projektet i form av intervjuer, observationer och en enkät som nådde ut till 299 lastbilsförare. 
Arbetet fortsatte sedan med olika former av brainstorming både inom projektgruppen och tillsammans med ingenjörer från gruppen 
på Scania.  Slutgiltiga arbetet innehöll CAD-modeller av både prototyp, CAID-modeller av slutgiltig design samt en prototyp i skala 
1:1.

Det slutgiltiga resultatet av projektet är en ny förarstol med möjligheten att skjuta bak stolen nästan tre gånger längre än vad som 
tidigare var möjligt. Det kan nu göras då förarstolen är en del av sängen. Under användarstudien och brainstormingen togs nya 
behov fram i from av att solen ska ha möjlighet att anpassas till tre olika lägen; vila, köra, arbeta. Den nya förarstolen ger nu förarna 
den här möjligheten. Resultatet av det här projektet kan komma att effektivisera föraryrket, vilket gynnar både Scania och kunderna 
i form av att förarna kommer kunna köra längre än vad tidigare varit tillåtet.

Nyckelord: Teknisk design, Ergonomi, Autonoma fordon, Lastbil, Förarstol, Civilingenjör, Interiör, Fordon, Framtid, Produktdesign, 
Behovsidentifiering, Användarupplevelse
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1. INTRODUCTION
 

At the moment, the vehicle industry is facing a substantial change. A part of the strive for a more sustainable transport system 
includes developing autonomous vehicles. Semi-autonomous features are seen in most new cars and trucks today, and assisted 
driving is increasing vehicle and road safety. The most developed example of autonomous vehicles is Waymo’s self-driving car. 
Scania is a Swedish truck-company and is also facing the change with autonomous vehicles, which will impact the whole 
transport industry. The change will affect the transport industry as well as the situation for professional drivers. Autonomous 
driving is defined in different levels from level 0 to level 5. Scania is facing Level 4, where the driver still is in the cab, responsible 
for the truck in certain situations or areas. The appearance of new user needs and a request for further seat adjustments 
initiated this master thesis, which is a part of two students last semester of the program Industrial Design Engineering at Luleå 
University of Technology. The course is D7014A and correspond to 30 Swedish university credits or 20 weeks of full-time work. 
The project was performed in spring 2019 at Scania in Södertälje.

 1.1 Background
Scania produces trucks, buses, and services. Scania is present 
in most of the world with the biggest market in Europe, Today, 
Scania produces over 80 000 trucks a year, with a modular sys-
tem making it possible to customize each one to the customer’s 
needs (Scania AB, 2017; Scania AB, n.d.). Scania’s trucks are 
considered premium and are among the most expensive on the 
market. The latest generation launched in 2016, with a strong 
focus on the customer’s profitability, sustainable products, and 
services, see figure 1. 

There are different cab models, in different sizes for different ap-
plications. For example, figure 1 show a long haulage cab that is 
often used within longer transportation where overnight stay is 
necessary. The new truck generation decreased fuel consump-
tion by five percent. The future with autonomous vehicles might 
increase road safety and reduce fuel consumption even more. 
Automated systems will mean that the driver’s role will develop 
from driving to monitoring. When the system can handle all or 
many of the operative decisions, the driver can concentrate on 
strategic decisions like delivery of goods, etc. (Scania AB, 2015; 
Scania AB, n.d.; Scania AB, 2017). 

In the automotive industry, there are already vehicles with some 
assistance or automation. The system can control the car in sit-
uations of various difficulties. The Society of Automobile Engi-
neers (SAE, 2014) defines the different levels. At level 0-2, the 
human driver is the one who monitors the driving environment, 
while as for level 3-5, the system replaces the human at differ-
ent levels. Figure 2 shows a graphic image of the definition. The 
futures automated systems will mean new demands on the seat 
and the area around it. Today they are adapted for a driver sitting 
behind the steering wheel and always driving the truck.

The current project focus on level 4 of automation, which is 
called high automation. It is defined by SAE as: 

“The driving mode-specific performance 
by an automated driving system of all 
aspects of the dynamic driving task, 
even if a human driver does not respond 
appropriately to a request to intervene” 
(SAE, 2014 p. 2)

The role for the driver in this level is to determine when the auto-
mated driving system should start, to take over within lead time 
if the system requests that and to request deactivation of the 
automated driving system. The role of the system is to decide if 
the conditions are right to be activated, and when activated to 
monitor the driving environment, accelerate, brake, and steer. 
Also, it will initiate deactivation if the design conditions no lon-
ger are met, but only deactivate when the human driver takes 
over. If this does not happen, it should change to a minimal risk 
condition. The system should also be able to delay the deacti-
vation if the human takeover at that immediate point could be 
unsafe. The new user needs in autonomous trucks might require 
changes to, among others, the dashboard, steering wheel, and 
the seats. For this thesis, the driver’s seats adjustment, controls, 
and the space around the seat will be in focus, as well as an in-
vestigation of the new user needs in autonomous trucks.

1.2 Stakeholders
External stakeholders are the ones who are affected by the re-
sult of the project, and the internal stakeholders are the ones 
who have a direct interest in the project (Olander, 2006). 

The external stakeholders in the current project are competitors 
since they may have an interest in the gained experience of the 
project as they will face the same challenges in the future. The 
customer, for example, haulage, may have interest since they 
care about what product their employees use. The user them-
selves, the drivers, will be affected since the project will affect 
their duties.

The internal stakeholders are Scania and Luleå University of 
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Figure 1 Interior of new truck generation Figure 2 Visualization of the levels of automation defined by SAE

Technology. The university benefit from both the contribution to 
knowledge within industrial design engineering and the project 
since this is a final examination, where two students of the In-
dustrial design engineering program needs to show knowledge 
and skills obtained during the program. Scania is the company 
who is in charge of the project, and the project will contribute to 
knowledge about needs and requirements in relation to autono-
mous driving for them.

1.3 Objectives and aims
The current shift in the vehicle industry initiated this project. Au-
tomation will affect the driver’s situation as well as the cab de-
sign. This work has therefore been done to give Scania better 
conditions for the design of the future autonomous trucks and 
to improve and adapt the cab environment, with focus on the 
driver’s seat, for drivers in autonomous vehicles.

The project aims to deliver a concept on a seat that can adapt 
from driving mode to other identified tasks the driver can do 
while not driving. The project is expected to deliver a concept of 
how the driver’s seat will look and work in an autonomous truck. 
The change of the seat might also affect other cab interiors, for 
instance, the bed, passenger seat, etc.

1.4 Research questions
The research questions will be used as a guide through the proj-
ect and then answered in the discussion.

•	 What future challenges might an autonomous driver meet, 
and what needs do these include that affect the design of 
the seat?

•	 How will design changes to the seat affect the rest of the 
cab interior in level 4 autonomous trucks?

1.5 Project scope
The project allocation is from 21st January to 3rd June with two 
students working full time. The project delimitations are that no 
strength calculations will be performed, just reasonable thinking 
of what and how it is possible to design. There is no need for 
production-ready CAD models; the models are for visual repre-

sentation and possibly for creating 3D-models. A prototype will 
be developed to demonstrate the function of the result. Legal 
demands may be relevant, but it is not a requirement. The proj-
ect will focus on the cab type S20, which is a model that is pop-
ular for long-haulage in Europe. The project scope is to:

•	 Perform a design analysis of available space around seat.
•	 Develop conceptual future scenarios of level 4 in the long-

haulage industry – chose 1 scenario. 
•	 Identify and review current and future needs from drivers in 

level 4 autonomous driving.
•	 Design a conceptual cab seating/interior that fulfills the 

future needs and requirements for level 4. 
•	 Make a prototype of the concept.
•	 Test results.

1.6 Thesis outline
The first chapter introduces the background and the project ob-
jectives and aims, stakeholders, research questions and project 
scope. The second chapter includes the context such as cur-
rent state, future visions and also a benchmarking of existing 
solutions. The third chapter outlines the theoretical framework 
for the current project including areas about industrial design 
engineering, user experience, and ergonomics. The ergonom-
ic chapter includes different sub-subject regarding the human 
body, psychology, and ergonomic aspect of designing an office 
environment. It will also cover areas about autonomous vehi-
cles and challenges around that. The fourth chapter is an outline 
of the method and implementation. This chapter describes all 
the methods used during the whole project, all from informa-
tion collection to prototype building. The fifth chapter contains 
result from all project phases. It follows the same structure as 
the method chapter, meaning that it describes results from the 
different phases: all results from the project start until the detail 
design. The final result is presented in the section final design, 
where it is described with both text and illustrations. The sixth 
and final chapter is the discussion, which involves the position-
ing of the outcome, the relevance of the project reflection, and 
conclusions. Pictures and posters have been a vital part of the 
current project, those are presented in the appendixes.
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2. CONTEXT
The current chapter comprises information immersion of different types of interaction with the user. This is used as base for 
developing satisfactory solutions, hence, it is desired to develop an understanding of truck driving, future visions, current 
solutions, as well as user needs and preferences (Wikberg Nilsson, Ericson, & Törlind, 2016). This chapter contains a description 
of the current state of Scania trucks and seats as well as benchmarking about the vehicle industry.

2.1 Current state
The current state section is divided into two parts, seats and 
truck evolution, to outline the essentials in the project. 

2.1.1 THE DEVELOPMENT OF SCANIA TRUCKS

In 1902, Vabis developed its first truck. This could carry 1.5 
tons of cargo and had a top speed of 12 km/h. These trucks 
did not have a closed cab; the driver was sitting on a bench on 
top of the engine. In 1927, Scania-Vabis built a ‘brewery’ truck 
which started to look more like a truck. This truck had a cab 
that protected the driver from wind and water (Scania AB, 2018). 
As figure 3 shows, the comfort of these trucks were not close 
to today’s trucks comfort. As the picture displays, the seat is a 
leather bench with no air suspension.
 
The 1920s was a period of accelerated progress for trucks and 
truck transportation. The first trucks were very different from the 
one’s today. The cab design caused drivers to temperature vari-
ations and weather elements. The first generation of trucks was 
designed to carry light goods and was supposed to replace the 
horse and wagon. Therefore, the trucks were small compared to 
today (Volvo Trucks, 2019).
 
By the time the cabs got more prominent, and the engines also 
got stronger. The bigger and stronger trucks increased the load-
ing capacity, which also made the driver responsible for a larger 
vehicle that could travel longer distances and also travel faster. 
In 1940 the cab got even more developed when the L10-series 
got released. In 1980s Scania released the GPRT range (2-se-
ries) which included the topline model. The Topline had the high-
est roof height ever built at Scania. The roof height improved the 

Figure 3 Study of the interior of a brewery truck

space for the driver and made the cab more livable. The design 
of the new cab released 2016 was for maximum safety and driv-
er control (Scania AB, 2018).
 
A significant difference between the trucks in the past and to-
day’s trucks is the focus on the driver. Since trucks are a working 
environment, manufacturers strive for high driver comfort. Due 
to automation development, new opportunities and duties may 
appear for the driver, which in turn will affect the design and 
layout of future cabs (Scania AB, n.d.).

2.1.2 FUTURE VISION

Scania’s Head of Research & Development, Claes Erixon, de-
scribes that Scania’s future vision is about autonomous vehicles, 
electric vehicles, and connectivity. An integrated system with 
those parts could make the transport system more sustainable: 
better for society, the environment, and business profitability 
(Volkswagen AG, 2017).
 
Figure 4 in upcoming section shows an illustration of Scania’s 
future scenario. Mines or other controlled and defined areas are 
predicted to be the first implementation area for self-driving ve-
hicles. It is both due to the restricted area that is easier to control 
and due to the environment that can be harmful to humans, giv-
ing an incitement to invest in self-driving vehicles. For forest in-
dustry and similar, connectivity could provide greater efficiency 
due to filling rates of each transport and arrivals at the right time. 
A control tower could manage the logistic flow both in mines and 
for forest vehicles. On highways and larger roads, truck platoons 
could be used to reduce environmental impact and increase ef-
ficiency. There, semi-autonomous or fully autonomous systems 
enable the trucks to drive very close behind each other and take 
advantage of decreased air drag. Electrified distribution trucks 
are silent and could, therefore, work at nights to use city road 
capacity in a better way. Public transport in cities could be au-
tonomous and connected, and thereby provide the right amount 
of buses at the place needed at that time. Buses could also de-
liver goods during night-time when fewer people are traveling. 
However, the city traffic is a hard case for autonomous vehi-
cles, with many complex and unpredictable situations to take 
into consideration, and it will probably first appear in restrict-
ed systems or routes with bus lanes dedicated for those buses 
(Volkswagen AG, 2017). Viscelli (2018) describes six potential 
scenarios for autonomous trucks:

Scenario 1: Cooperative Adaptive Cruise-Control Platooning. 
There will be a leading truck which is fully controlled by a driver. 
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After the leading vehicle, connected trucks can follow very close 
behind. It could be used mainly on highways. There are drivers 
in the carriages behind the leading truck.

Scenario 2: Human–Drone Platooning. In this scenario, there is 
only a driver in the leading truck. The trucks behind the leader 
are fully automated. This scenario could be used primarily on 
highways.

Scenario 3: Exit-to-Exit Autonomous Trucks Plus Drone Opera-
tion. There is no need for drivers inside the truck. Remote driv-
ers steer autonomous vehicles. They drive the truck on the local 
streets - no steering needed on highways.

Scenario 4: Driver-in-the-Sleeper Scenario a.k.a. Autopilot. The 
trucks can ride on the highway by itself. The driver is then able 
to sleep during these periods in the cab.

Scenario 5: Exit-to-Exit Autonomous Trucks. There are trucks 
with drivers in cities and at logistic centers. Then the drivers 
drive the truck to the swapping center, where they swap the trail-
ers. The autonomous vehicles drive on the high way and stop at 
the sapping places.

Scenario 6: Facility-to-Facility Autonomous Trucking. Autono-
mous trucks drive themselves on well-prepared roads and at a 
slower speed between facilities.

The future role of the drivers
In terms of autonomy, a question might be: what will happen 
with the drivers? According to Yang (n.d), the autonomous trans-
formation will occur in different stages. At the first stages, there 

will be a driver in the vehicle which will have the role as a failsafe. 
Yang writes that drivers will be able to go beyond their driving 
hours since they will be able to rest and do other things during 
the drive. The productivity will increase for both the trucks and 
the equipment. Yang describes that the next step of the transfor-
mations is to have convoys of trucks with one lead truck having 
a driver. Those caravans will lower the resistance and fuel cost. 
Yang thinks there will be docking stations outside the urban ar-
eas, where drivers will enter the truck for the last 15 Km.
 
ATBS (2018) emphasizes that not all drivers will lose their job. 
The future role of the driver can be compared to an airplane pi-
lot. Even if the truck would be able to drive itself, pedestrians 
and other persons driving vehicles will feel safer if they see that 
there is a person in each car. Viscelli (2018) describes the future 
of truck drivers in different ways. One thought the author has 
is that the drivers might work more with the transportation of 
increasing e-commerce. The need for local drivers and delivery 
jobs will rise. 

2.1.3 SEATS

Since the drivers often spend long times in trucks, the seats are 
a vital part of the driver’s comfort, safety, and health. It is conse-
quently essential to ensure the driver’s needs when designing. 
The seat can adjust in many different ways to make sure that it 
fits most people. Scania has five different versions of the driver 
seat and three additional options for the passenger seat. Three 
manufacturers deliver the seats: Isringhausen (ISRI), Recaro and 
BeGe.
 
All driver seats have air suspension to reduce the vibrations. The 
air suspension has also resulted in a seat belt placed on the 
seat. This placement differs from passenger cars that have the 

Figure 4. A future vision from Scania
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seat belts set on the B-pillar (the pillar between the front and rear 
seats in a car). The seat headrest in the driver’s seat is integrat-
ed with the chair, making it static and not able to move up and 
down. Besides, an option comes to include a tilt in the backrests 
upper part. For the passenger’s seat, one model offers a some-
what adjustable headrest. It has a headrest that can adjust in 
height, but not in depth. The seat model is specially designed 
to provide a comfortable seat for resting. When it comes to the 
adjustment area of the driver’s seat, the most crucial aspect of 
the current project is the foremost and rearmost position. See 
figure 5 for adjustment area on a Recaro seat.
 
A test was done in a truck to be able to understand the current 
state for Scania’s seats. It was a long-haulage cab, which means 
that it had a bunk bed behind the seats. The analysis was per-
formed as a ‘touch and feel’ session, and was the first step to 
get to know the cab interior. All the functions of the seat were 
tested by both thesis students to understand the product better.
 
All adjustments were tested several times in different combina-
tions. Problems identified was that the seat is not able to tilt as 
much as a driver may want due to the bed’s placement, see fig-
ure 6. Also, the adjustment control for pushing the seat back and 
forth is hard to reach due to the installation below the seat. The 
same problem also applies to the controls on the side. These 
are difficult to see and use with a closed door. When the seat 
was pushed as far away as possible from the steering wheel, 
the legroom is still limited for a 180 cm tall person, see figure 6.

2.2 Benchmarking
According to Johansson and Abrahamsson (2010), benchmark-
ing is a more advanced and systematic method of “industrial 

Figure 5. Recaro seat adjustment area

Figure 6, Test with the seat in different positions.

espionage.” In this section, the result of the benchmarking, in-
cluding seats, automation, and driver environments, is outlined.

2.2.1 TRUCKS

First, in our view, all truck seats look similar. The benchmark-
ing showed that most competitors offer different types of seats, 
depending on what comfort is wanted. Most seats have air sus-
pension to keep the driver comfortable when the road is bumpy. 
The air suspension is controlled on the side of the seat. 
 
Pictures show that all trucks have the same limited space in the 
cab. Several competitors have the same design of the dash-
board; it encircles the driver to ensure that he or she can reach all 
necessary controls. Another common factor is the limited space 
behind the driver’s seat. As identified in the test, this prevented 
the backrest from tilting as much as wanted, and this seems to 
be a recurring problem for the competitors as well. The seats of 
the competitors appear to have the same adjustment facilities, 
although some competitors have electric seat adjustment as a 
choice. Appendix A summarizes the findings.
 
A general benchmarking was also done on the competitors to 
see what their visions of autonomous trucks are. The purpose 
of this was to see what could be found from the competitors 



17

to understand their future aim. Since autonomous vehicles is a 
development that almost all companies are striving for, they do 
not give out information in detail on how far they have come in 
the process. Nearly all competitors have launched future visions 
of what they will achieve in the future. Most notably, Volvo Trucks 
has revealed their concept called ‘Vera’, a fully autonomous ve-
hicle with an appearance different from today’s market. This 
concept has no cab, and will not need a driver (Volvo Trucks, 
2018).
 
Mercedes have revealed pictures of their future cab, looking 
more like a living room with wooden floors and ample space 
in the cab. The seat is possible to turn for more legroom (Mer-
cedes-Benz, n.d.). IVECO has also reviled its future concept, 
which is more futuristic like a spaceship. This cab has a tunable 
seat looking like today’s racing seats. It also has an office desk, 
a cooking area, a sink, and even a shower (IVECO, n.d.). Appen-
dix B shows an overview of competitor’s future visions

2.2.2 CARS

Even if it will take time until almost all vehicles will be autono-
mous, the pace of development is currently between compa-
nies. Volvo Cars want to offer a level 4 autonomous car in 2021, 
providing the options to relax, watch a movie, sleep, eat, work, 
etc. (Volvo Car, n.d.). Even if this might seem soon, other com-
petitors like Tesla, Waymo, Uber, and General Motors have sim-
ilar visions (Huddleston Jr, 2018). Waymo is already present in 
tests in 25 US cities with driverless level 5 cars. 
 
Volvo 360c is a future vision about what is possible when the 
driver is no longer needed. (Volvo Car, n.d.) describes that 360c 
has several settings that let you choose between resting or hav-
ing an enjoyable journey. The driver can also work in an online 
workplace, or book an overnight car to sleep in while getting 
to the destination. The trend seems to be to focus on level 4 or 
level 5. Since level 4 still requires the driver to control the car at 
special occasions, it looks like the car’s interiors stay similar to 
what we see today in level 1 or level 2 cars. Instead, it is in level 
5 that the steering wheel can be removed, and hence where the 
whole interior can be changed.
 
The seats in the cars that exist today do not vary much between 
different manufacturers (as well as from a truck seat). The gen-
eral difference seems to be that the cars often have electronic 
maneuvered driver’s seat either on the side of the seat or at the 
door, the placing of the seat belt on the b-pillar and that there is 
no air suspension in car seats, unlike trucks. Images of self-driv-
ing cars often include passengers either laying down relaxing or 
sleeping, working or socializing with each other, with the seats 
all turned backward or towards the middle of the car. Litman 
(2018) describes that the vision of self-driving cars often looks 
like science fiction space ships, but that the reality probably will 
be something completely different. However, the passengers will 
most likely need to have seatbelts and, in a closer future, be able 
to steer the car occasionally. Appendix C shows a collage of 
seats in today’s vehicles and appendix D seats in future auton-
omous car concepts.

2.2.3 OFFICE CHAIRS

Truck driving can compare to office work in terms of the similar 
seating position and many hours spent sitting. In many offices, 
a chair like Plus Kinnarps is standard, with many ways to control 
different parts of the chair and armrests. Even if many adjust-
ment options enable a good ergonomic seating position, vari-
ation is critical (M Hägg, Ericson, & Odenrick, 2010). The HÅG 
Capisco, designed by Peter Opsvik, is unique due to its many 
ways to sit or half stand. The shape encourages different posi-
tions (Flokk, n.d.). Appendix E shows examples of office chairs.

2.2.4 RECREATIONAL VEHICLES

Recreational vehicles (RVs) have similarities to a truck cab in the 
sense that both are designed to live inside. Therefore a bench-
marking was done on the driver seat in RVs. The RVs from the 
Swedish company Kabe (KABE, 2019) has a pivotal undercar-
riage to be able to turn the seat to the table behind it, which 
transforms the driver’s seat to an armchair.

2.2.5 AIRCRAFTS

Aviointeriors is a company that develops and produces pas-
senger seats for many of the leading aircraft brands around the 
world. At Aviointeriors (n.d.) it shows that passenger seats in 
aircraft come in various shapes and designs. The most common 
attribute for luxurious business and first class seats are leg rest. 
When bending the seat back, the passenger can put the feet on 
the rest, which makes it possible to rest in a more comfortable 
position.
 
Scandinavian Airlines released a new interior design for their 
long-haulage aircraft 2015. Part of this upgrade was the seats, 
see figure 7. According to Scandinavian Airlines (2015),  the focus 
when designing this seat was to give the passenger a personal 
space. The seat is broad and has a shelf on the side, which provides 
the passenger with the opportunity to work with a laptop or pa-

pers 

Figure 8. Illustration of pilot seat adjustment
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Figure 7, Benchmarking moodboard
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during the flight. It can also be tilted to a full bed, to be able to 
get a good sleep during the trip in business class, and is steered 
by a small digital panel at the side of the seat.
 
Pilot seats have some special functions that can be relevant for 
the current project. Since pilots often use autopilot during flight, 
they have the chance to move their seat further away from the 
dashboard. The unique thing with these seats is that they can be 
moved sideways to get more space or get closer to the panel, 
see figure 8.  
 
According to Pilot Mentour (2015), a pilot needs to handle many 
buttons and have responsibility for both the aircraft and the pas-
sengers. In all passenger aircraft, the pilot is in charge of the 
steering for about 6-8 minutes at the beginning of the flight, then 
he or she turns on the autopilot. The purpose of the autopilot is 
in this view to relive the duties of the pilot, but not control the air-
craft. Instead, it is a tool for the pilot to concentrate on the most 
important things and can compare to cruise control.

2.2.6 METROS AND TRAINS

According to Nyhetsmorgon (2017), the Swedish metro is very 
dependent on the driver. The metro driver needs to have high 
concentration while driving, and therefore, they are not allowed 
to listen to music or do any secondary tasks while driving. The 
metro driver’s seat looks like an office chair, and the driver’s en-
vironment reminds of an office. However, the metro in Dubai has 
a different level of technology; It is autonomous and listed as 
the world’s most extensive automated rail system (Grey, 2018). 
According to Khaleej Times (2017), the metro system of Dubai 
is the safest in the world. Mohammed Al Mudharreb says this is 
due to the absence of the human factor. SJ AB (2011) explains 
that there is a dead man’s grip in the form of a pedal that needs 
to be pushed down, which makes sure the driver is awake. The 
train seat looks like a combination of an office chair and a car 
seat. (UITP, n.d.) characterizes different levels of metro automa-
tion, which in this view are almost the same as for road vehicles.
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3. THEORETICAL FRAMEWORK
A theoretical framework is described as one of the essential parts of the research process by Grant & Osanloo (2014). This 
chapter describes the facts, information, knowledge, and experiences that have been essential to the work and to get to the 
final result, e.g. the area of Industrial design engineering that the current project have been developed within, user experience 
(UX) as vital for assuring and validating a good project outcome, and ergonomics to assure human conditions are met. Human 
conditions are also explored in theories of driver characteristics, seat and seatbelts, and in autonomous driving. Sustainable 
development have been vital in the current project and is therefore outlined in the final section of this chapter. 

3.1 Industrial design engineering
Industrial design engineering (IDE) can be described as a mix-
ture of two areas; industrial design and mechanical engineering/
design engineering (Smets & Overbeeke, 1994). Industrial de-
sign is defined by IDSA as:

“Industrial design is the professional 
practice of designing products used 
by millions of people around the world 
every day. Industrial designers not 
only focus on the appearance of a 
product, but also on how it functions, is 
manufactured and ultimately the value 
and experience it provides for users.”
(IDSA, 2019)

Engineering, on the other hand, involves understanding how to 
manage a new problem within an unknown area (Nationalen-
cyklopedin, 2019; Luleå University of Technology, 2013). When 
designing machines, engineers have traditionally been success-
ful in making them work for their industrial purpose (Interna-
tional Association of Engineers, 2014). The understanding for 
the human and the interaction between machine and user has 
however not always been understood or prioritized, resulting 
in humans adapting after the machines, and not the other way 
around, according to Norman (2013).
 
An industrial design engineer hence needs to combine those 
areas, understanding both the logical and technical aspects as 
well as aesthetics. They need to design for and thereby also un-
derstand the human (Norman, 2013; Smets & Overbeeke, 1994). 
The current project comprises both industrial design and engi-
neering. The engineering part will represent developing ideas 
such as ensuring an end result that is safe, realistic, and that fits 
with other components in the cab. The industrial design part is 
represented through ensuring both aesthetics, user experience 
and ergonomics. Together, this intends to contribute to a result 
designed for the user.

3.2 User experience
When designing for humans, an important strive is to meet us-

er’s needs. This may provide the user with a positive experience, 
which in turn can result in profitability, business success, cus-
tomer loyalty, etc. (Evan, 2018; Interaction Design Foundation). 
User experience (UX), is an area that has evolved over the years 
and is now considered to include all aspects of a person’s expe-
rience with a system (Norman, n.d.). Norman (n.d) describes it 
as a development from the two areas usability and human inter-
face, into one big area including interface, physical interaction, 
industrial graphics, etc.
 
The principles can explain the seven factors (Interaction Design 
Foundation), see figure 9 and below: 

•	 Useful: A product that is not useful will have a hard time 
competing on the market.

•	 Usable: The usability of a product is concerning the user’s 
efficiency while using a product or a service.

•	 Findable: Findability merely is about finding a product 
since a product not findable cannot be used or bought.

•	 Credible: Credibility is about trust in the product or system. 
On a market with significant competition, users will move 
to another more credible product if given reason to.

•	 Desirable: Desirability can be achieved by branding, 
identity, emotional design, aesthetics, etc.

•	 Accessible: Accessibility is about making a product or an 
experience that can be used by many people with different 
abilities.

•	 Valuable: The value of a product is both for the producer 
and for the user who either buys or uses it.

3.3 Ergonomics
When designing environments for humans, it is also essential to 
investigate ergonomics. More specifically, this is relevant to this 
project because of the area of seat design. Ergonomics is a mul-
tidisciplinary science that involves human at work (Bhise, 2012). 
The area often consists of studying characteristics, capabilities, 
and limitations of humans and then applying the knowledge 
when designing equipment, products, and services. Ergonom-
ics is used to achieve the best possible fit between the product 
and the user. This section involves the most relevant ergonom-
ics theories to seats and workplaces.

3.3.1 ANTHROPOMETRY

When designing and dimensioning a workplace, it is central to 
have access to data about the human body (Hägg, Ericson, & 
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Figure 9. Seven factors of UX according to (Interaction Design Foun-
dation)

Figure 10. Percentile 

Odenrick, 2010). This information is called anthropometric data. 
One common way of using anthropometric data is to use the 
95th and the 5th percentile. Those numbers mean that, for ex-
ample, when designing for enough space, the 95th percentile 
is used. That makes sure that 95 percent of the population has 
enough space. Similarly, the 5th percentile can be used to en-
sure reach. If possible, the design should make sure that all peo-
ple have enough range and room (Hägg, Ericson, & Odenrick, 
2010), see figure 10. 
 
Anthropometry is essential to take into account when designing 
seats since the seat needs to adapt to different people with dif-
ferent bodies.  
 
In an autonomous truck, the interior may be placed in another 
way than it is today. This can mean that frequently used controls 
have to be placed in another way. Hägg, Ericson, & Odenrick 
(2010) and Fatollahzadeh (2006) describe that controls that are 
essential and used frequently should be reachable comfortably 
and safely for at least 5-95 percentile of the population.

3.3.2 SEAT ERGONOMICS

In different types of cars and trucks, the driver typically sits in 
more or less the same way behind the steering wheel. This is 
required due to safety aspects. Seat ergonomics, therefore, be-
come a relevant aspect of ensuring the right work environment. 
To be seated during most of the day mean that the risk for some 
diseases and pains (Swedish Work Environment Authority, 2018; 
Hägg, Ericson, & Odenrick, 2010). The best thing to ensure a 
good seating position is to enable variation and to change posi-
tion frequently (Hägg, Ericson, & Odenrick, 2010). 

3.3.3 ENGINEERING PSYCHOLOGY

For the psychosocial work environment, Thylefors (2010) de-
scribes some important aspects:

•	 Self-control: The possibility to influence the technical 
system.

•	 Stimulation: Tasks that allow the individual to use and 
develop his or her talents and knowledge and to learn new 

things so that the work is perceived as engaging, variously, 
and enjoyable.

•	 A decent workload: A workload should in both 
psychological and physical sense be optimal, that is, 
challenging but manageable.

Automated systems could both improve and impair the psycho-
social work environment for a driver. Danielsson (2012) explains 
that the more a system replaces the human, the harder it will be 
to trust the system. The risk is also that the driver will get unstim-
ulated and thereby also stressed. Danielsson further emphasiz-
es the importance of appreciation, responsibility, the ability to 
learn and develop, and control over the work to feel motivated.
 
Danielsson describes the future psychology problems within 
technology by explaining that the more a system replaces the 
human, the less trust gained to the system. The information from 
the system will get more abstract. Danielsson explains the risk 
of having a highly automated system is that the operator will get 
unstimulated during automation. When the system needs an op-
erator, the work will get hectic, and the working situation will be 
perceived as chaotic. This type of work can compare to sitting 
and waiting for an unpleasant situation. He expresses that being 
both unstimulated and overstimulated can cause stress. 
 
Danielsson also describes the two-factor theory created by 
Frederick Herzberg. The approach includes two different fac-
tors that affect motivation. The hygiene factors are condition the 
workers are unpleased with, which causes them to not enjoy 
being at work. When these conditions do not reach the work-
er’s expectations, they will feel uncomfortable. When the terms 
improve, the unpleasure will disappear. The other factor is the 
motivators. These are factors that have a strong connection to 
the work, for example, presentation, achievement, appreciation, 
responsibility, and the ability to learn and develop. This is rele-
vant for the project since single work can occur in future auton-
omous vehicles.
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Figure 11 Measurements of the working area according to Swedish Work Environment 
Authority (2018)

Little or none control over their work causes low working mo-
tivation. Danielsson (2012) describes a method of working en-
richment by encouraging the worker to take their own decisions. 
Give the worker more personal responsibility. Organize the pro-
fession in general so the worker can follow a transparent pro-
cess. Let the worker have the possibility to develop them self. 
Not having the ability to communicate with other people have 
shown to be a stress factor. In a loud environment, people can 
have a hard time to talk. These environments often make the 
workers placed in isolated cabs. Also, only work and low social 
contact can also be a stress factor.
Physical factors in work environments
Physical factors are important to consider when designing a 
work environment. The most relevant factors are presented in 
upcoming sections.
 
Lights
Swedish Work Environment Authority (2018) explains how light 
affect how we perceive the environment around us. A person 
feels safe in an environment with correct lighting. Daylight is vi-
tal to be able to keep the daily rhythm. Inaccurate lighting can 
cause headaches and tiredness. Bad light can affect sight er-
gonomics negatively, where weak or dazzling light can accuse 
accidents. When planning the lighting at an office, these require-
ments should be considered:

•	 Enough light at the right place.
•	 As little dazzling light as possible.
•	 A smooth light at the workspace.
•	 Not to big contrast between workspace and the 

environment.

Vibrations
Vibration is defined by Bohgard, et al. (2010) as energy trans-
mitted in the form of mechanical oscillations from a tool or other 
objects in contact with a person. These vibrations can be harm-
ful to humans and can cause chronic problems. Often vibrations 
can come from hand-held tools but also in the form of body 
vibration when working in a truck, forestry, bus, or ship. Being 
exposed to body vibration can cause neck and back problems.

Physical comfort
According to Hägg, Ericson, & Odenrick (2010), comfort is a 
concept mostly used in marketing, although it often is used with-
out a clear definition. Studies show that comfort is a scientific 
complex subject that consists of multiple different factors, for 
instance, relaxing and general well-being. 
 
The opposite of comfort is discomfort and can be experienced 
as inappropriate physical strain. The side effects of discomfort 
do not appear right away. For example, sitting in an office chair 
incorrectly might not hurt instantly, but instead after some days. 
A person exposed to discomfort is often optimistic about the 
pain, and have a mindset of: ”it will be better in a few days”. 
Also, younger people do not care about discomfort because 
they think they can handle everything due to their age. 
 

It is important to find early signals of pain, to be able to correct 
the problem. The environment in a truck is today already seen 
as a working environment. Therefore it is essential to understand 
how to design a good working environment and how physical 
factors affect a person.

3.3.5 OFFICE ENVIRONMENT

Since drivers will face autonomous driving, the tasks are likely to 
be more of an office job. Therefore, it was chosen to explore in-
formation about the office environment. (Swedish Work Environ-
ment Authority, 2011) explains that work in an upright position 
with lowered shoulders and upper arms close to the body char-
acterizes a well-designed working area. The outer working area 
is restricted to the reach of the arm, although it is recommended 
to work 30 cm away from the body, especially when the work 
is over a long time, see figure 11. The working height should 
be in the same height as the elbow regardless of the position. 
Although different tasks require different heights. 

Swedish Work Environment Authority (2011) also describe that 
most of the classic office work includes working with a computer 
or a display. It is common to get problems with the neck, shoul-
ders, and arms. Hence it is essential to investigate the place-
ment of the equipment and the usage of it. If reading or watching 
a movie, the tablet should be placed in appropriate height for 
the neck. The Swedish work environment authority recommends 
using an external keyboard and pointing device if using a laptop 
for a longer time. 
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Figure 12 Illustration of seat back and seat cushion angle

3.4 Driver characteristics
To be able to design for the user, it is crucial to understand the 
drivers and their work. It is also essential to have in mind that 
today’s driver might not have the same characteristics as the 
drivers in the future. Fatollahzadeh describes a definition of a 
truck driver as: 

“A truck driver is a worker who drives 
a truck with the capacity of more than 
three tons, to transport materials to and 
from specified destinations and may 
also do jobs to keep the truck in working 
order.” 
Fatollahzadeh (2006 p.15)

Drivers often start working as distributors and then move on to 
long haulage after some years in the truck driving career or as 
they get older. Long haulage often mean tight schedules and 
though conditions with many hours of lonely work and being 
away for many days in a row (Scania AB, n.d.). The drivers can 
have other duties than driving, for example:

•	 Provide daily service along with a specific route.
•	 Perform a safety inspection and inspecting the cargo.
•	 Loading and unloading the goods and materials.

Fatollahzadeh (2006) refers to Gutmann (1980) regarding the 
health of truck drivers. Truck drivers often spend many hours 
in the cab and are also often away from their home for several 
days at a time. In Sweden and the EU, as well as other parts of 
the world, there are laws regarding driving time. The cabs are 
continually being improved by truck companies to improve the 
working climate for the drivers regarding air, seats, safety, and 
more. Fatollahzadeh declares that most drivers in long-haulage 
prefer to drive at night, although night driving is more associated 
with accidents accused by fatigue. 

3.5 Safety in seats
Seats and seatbelts play a vital role in car safety. This section 
describes the importance of seatbelts and different aspects of 
seat positions.

3.5.1 SEATBELTS

The Swedish Transport Administration (2015) explains that the 
seat belt is the most crucial safety detail in a car and that it can 
be the difference between life and death. A passenger can often 
withstand a collision and reduce the stress with his or her hands 
up to about seven kilometers per hour. After that, the seat belt 
is crucial to be able to survive in a collision and decreases the 
risk of injury with 50% (Swedish Transport Administration, 2015).

3.5.2 SEAT POSITION

A safe position in the seat may not be in relation to comfort. 
Rhoades & Wisniewski (2004) describe seat reclining in cars. It 
can be useful for resting or sleeping when the vehicle is parked, 

for passengers with physical constraints, and transportation of 
cargo in the car. However, it occurs that passengers recline the 
seat while in motion. There is research that suggests that the 
risk of neck injuries can increase with a reclined seat position 
(Swedish Transport Administration, 2013). 
 
A reclined position can also increase the risk of other damages 
as well as leading to the phenomenon submarining (Tang, Liang, 
Liu, & Jinhao, 2012). Submarining means that the lap belt moves 
up, which creates stress over the abdomen. It could cause se-
vere injuries not only on the abdominal area but on the whole 
body since the body will slip under the belt (Tang, Liang, Liu, & 
Jinhao, 2012). In a study of seat angles effect on submarining, 
seat back angles of 25-40° gave no submarining, while angles of 
45° and 50° did. The cushion angle can as well have impact on 
the risk of submarining (Tang, Liang, Liu, & Jinhao, 2012). Figure 
12 shows seat cushion angle and seat back angle.
 
Many visions of future autonomous vehicles include rotated or 
backward facing seats as well as seats with a more extensive 
adjustment area. Loftén (2019) describes that a backward-fac-
ing position could be equally as safe than a forward-facing one. 
The difference is that the whole seat back can take force in a 
crash, instead of only the small area of the belt. Loftén (2019) 
also explains that a rotated position is disadvantageous in case 
of an accident since there is no way to catch the body. Even if 
the vehicle had a system that prepares the cab for a collision, 
there would not be enough time to rotate the seat to a forward 
facing position. A seat positioned further back could though be 
a potentially safer option, due to a trucks small deformation area 
(Loftén, 2019). It could also be easier to implement in trucks, 
with the seat belt integrated into the seat, compared with cars 
(Loftén, 2019).
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Figure 13 SAE level 4 autonomous driving

3.6 Autonomous driving
A lot of literature has been read about the subject autonomous 
vehicles and autonomous driving to be able to get a good under-
standing of what it means and how it might impact the transport 
industry. This section will address the purpose of autonomous 
driving, the different levels of automation, safety aspects, and 
seating.

3.6.1 AUTONOMOUS VEHICLES

Litman (2018) analyzes and attempts to predict the development 
of autonomy in the future. He is critical to both the benefits for 
the society and the users and how soon those highly autono-
mous vehicles will be present on the road in larger scales. In this 
view, many of the optimistic predictions come from people that 
have financial interests in the area. Due to the complexity of the 
vehicles software system, it will take time until middle-income 
drivers can afford those types of vehicles, hence until a large 
scale of the cars on the road will be autonomous. Litman ex-
pects that 50% of all new vehicles will be autonomous by 2040 
and that it will be another ten years or more until half of all vehi-
cles on the road are autonomous.

3.6.2 PURPOSE OF AUTONOMOUS DRIVING

Companies that develop autonomous vehicles talk about in-
creased freedom of movement, safety, and sustainability (Way-
mo, n.d.; Scania AB, n.d.). Other advantages can be car sharing, 
more efficient distribution, cheaper taxis, and that vehicles can 
park outside the city. Disadvantages of autonomous vehicles 
can be difficulties in rain, snow, or roads without road signs or 
signal, and that connected cars could get hacked. These vehi-
cles will also be expensive due to a large number of cameras, 
sensors and other technology, and many of the advantages will 
only be possible if most cars are autonomous (Litman, 2018; 
Hars, 2010).

3.6.3 LEVELS OF AUTONOMOUS DRIVING

SAE (2014) defines six levels of driving automation ranged from 
0 to 5. Level 0 includes safety systems or driver support features 
such as blind spot warning or lane departure warning. Level 1 
and level 2 uses those warnings and also steer the car back into 
the lane or brakes when a vehicle in front is coming too close. 
Still, the driver has to remain active and has the primary control 
over the car.  Level 3, 4, and 5 include automated driving fea-
tures, and the driver is no longer driving the vehicle all the time. 
Level 5 can be called fully autonomous and does no longer re-
quire a driver. Figure 13 shows a detailed image of level 4.

3.6.4 SAFETY IN AUTONOMOUS DRIVING

Autonomous vehicles use technology rather than human input to 
navigate safely and efficiently. The technology is a combination 
of navigation systems with sensors on the car, communication 
between vehicles, and interaction between car and infrastruc-
ture (A. Daziano, Sarrias, & Leard, 2017). The human factor is 
estimated to be responsible for around 90 percent of the acci-
dents today. Among other things, this makes the EU (European 
Commission, 2018) approach connected and autonomous mo-
bility with its potential to lower death numbers in roads.
 

Globally there are 1,3 million fatal crashes every year. In the EU, 
25 300 people died, and 135 000 people were seriously injured 
on roads 2017 (European Commission, 2018). In Sweden, there 
were 3,3 road fatalities per 1 billion road kilometers in 2013. The 
same number for the US is 7,3 (International Transport Forum, 
2018). Those numbers can be compared to where fully autono-
mous cars are today. 2019, the leading company in autonomous 
transports, Waymo, has collected 10 million miles on public 
roads (Waymo LLC, 2018). Within those miles, there have been 
severe accidents but no fatal ones, which has happened to other 
companies. For example, Uber, that hit a cyclist and after that 
decided to stop all road testing (Price, 2018). The safety driver 
did not pay attention to the road and the Lidar technology, which 
should be able to see the pedestrian, did not. This example illus-
trates the danger of semi-autonomous cars, where safety driv-
ers often seem to be disengaged and bored (Levin, 2018).
 
In Sweden, one person statistically dies per 300 000 000 000 km 
driven (International Transport Forum, 2018). Waymo has driven 
10 million miles, 1 600 000 km (Waymo LLC, 2018). The num-
bers tell that even if they seem abundant and assuring, they are 
still too low to draw such conclusions (Loftén, 2019). Another 
parameter is where such cars are tested, which mostly is on the 
west coast of the US with conditions that do not reflect all others 
(Loftén, 2019).

3.6.5 SEATING IN AUTONOMOUS VEHICLES

Autonomous cars make it possible to do other tasks and sit by 
other places than the steering wheel. However, today’s airbags 
and seatbelts are not adapted to other seating than to sit up 
straight and face forward, and hence might not be enough if the 
seats are rotating or more reclining (Jorlöv, Bohman, & Larsson, 
2017). 
 
Jorlöv, Bohman, & Larsson (2017) studied how the ‘driver’ and 
passengers would like to sit in a highly-automated car, as well 
as the attitude towards additional restraints that might follow the 
changed seating position. If the ‘driver’ was alone in the car, 
it was preferred to look out through the windshield, sleep, or 
rest. For more prolonged driving, the most preferred position 
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was with the front seats rotated 180 degrees. If there were more 
people in the car, they preferred to socialize with the other pas-
sengers. In this study, the possibility to recline the seats for a 
more comfortable rest position was desirable both for shorter 
and longer driving (Jorlöv, Bohman, & Larsson, 2017). 
 
Also, there was a positive attitude towards a new belt or other 
restraints if the seat could recline more or rotate. Everyone in this 
study who were under the age of 18 wanted screens in the car. 
None of the persons over 18 mentioned screens. Other features 
were holders for beverages, voice control, and very comfortable 
seats. Some wanted to sit so that they could see what’s happen-
ing to be able to trust the car more (Jorlöv, Bohman, & Larsson, 
2017).
 
With a possibility of backward facing seats, motion sickness is 
relevant to address. Salter (2018) describe motion sickness as a 
phenomenon caused by conflicts between the signals from the 
eyes and ears. For example, when reading while riding a car. The 
eyes focus on a static object, and the motion sensors in the ears 
say there is a movement going on. Salter’s experiment showed 
that motion sickness increased to 100% of the passengers fac-
ing backward during normal urban driving.  In this perspective, 
it may be possible to design driverless cars that can reduce mo-
tion sickness. There is also research on how a small vibration 
behind the ears can reduce illness (Salter, 2018). Tobin (2018) 
explains Uber technologies have applied for a patent for sensory 
stimulation system for autonomous vehicles.

3.6.6 SKEPTICISM AGAINST AUTONOMOUS VEHICLES

Viscelli (2018) describes there are fear and skepticism from the 
drivers towards the implementation of autonomous vehicles. 
The reason for this is explained to be that the drivers are anxious 
to lose their job, and they might not trust the system. According 
to Scania AB (2007), truck drivers have a big profession-pride.

3.7 Sustainable development
Today, sustainable development is a common word that many 
companies and politicians talk about and want to be connect-
ed to (Nationalencyklopedin, n.d.). Sustainable development 
means that a society works in a way so that the assets are 
sufficient for people in the future. It is often talked about three 
aspects: ecologic, economic, and social sustainability (Nationa-
lencyklopedin, n.d.). Since 2015, UN has concretized 17 sus-
tainable development goals that should be achieved by 2030 
(Nationalencyklopedin, n.d.; United Nations, n.d.). Autonomous 
vehicles concern both goal three that is about good health and 
well-being, and goal 11 that concerns sustainable cities and 
communities. Also, goal 9 concerns industry, innovation and 
infrastructure which can be said to be relevant to the current 
project (United Nations, n.d.). It is relevant to Scania as well as 
other truck and car companies.
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4. METHOD AND IMPLEMENTATION
This chapter describes the methods used and how they have been implemented in the current project. The project has been 
approached through the CDIO process, developed as an educational framework for producing the next generation engineers 
(CDIO, n.d.). The project process includes four phases, conceive, design, implement, and operate, in which different methods 
have been used, further outlined in upcoming sections.

4.1 Process
Ulrich & Eppinger (2012) illustrate a process as a series of 
phases that convert a set of inputs into a set of outputs. An 
example is given of a normal process that most people know, 
to bake a cake, first you have to do this before you do that in 
order to achieve the result you strive for. A product development 
process inputs can be different activities that an industry applies 
to conceive, design, and sell. Ulrich and Eppinger emphasize the 
importance of having a procedure with which the quality can be 
assured. Also, in this perspective, a process is useful to be able 
to coordinate, plan, and to perform improvement.
 
The chosen process for the current project is the CDIO-process, 
see figure 14. CDIO stands for conceive, design, implement, and 
operate. The process is developed for engineering students, 
which makes it relevant for this project (CDIO, n.d.). It was cho-
sen because it is a generic process and also since the authors 
had used it before. It comes with natural stage gates, the end of 
each of the phases, which facilitate the planning. In upcoming 
sections, each phase/stage gate is further described. 
 
The conceive phase includes research in context-related areas. 
The purpose is to understand the problem and the current situa-
tion. This phase has been divided into two parts. The first part as 
a pilot study which has been presented in the context chapter, 
including current state and benchmarking. The second part is 
presented in the conceive chapter. This includes; the situation 
for drivers; how the seat works; and what problems exist today, 
need to be studied. Suitable methods for this phase are inter-
views, surveys, observations, and workshops (CDIO, n.d.).
 
The design phase includes ideation-work to create a wide span 

of ideas. It can be done by different creative methods which 
can be done by only the students, together with the department 
group, along with a driver or with external people. The ideas 
will then be combined and evaluated. Lo-fi prototyping is also 
included in this phase (CDIO, n.d.).
 
The purpose of the implement phase is to evaluate the concepts 
to understand how well they meet the requirements that were 
determined after the conceive phase. Furthermore, the phase 
includes combining, prototyping, and user testing. At the be-
ginning of the period, the prototypes may be quite simple, but 
subsequently, get more and more detailed. It could, for exam-
ple, include CAD-models, 3D-print-models, or physical models 
(CDIO, n.d.).
 
The operate phase is all about completing and fine-tuning deliv-
erables. It contains refined CAD-models, prototypes, visualiza-
tions, etc. (CDIO, n.d.).

4.2 Project planning
According to Klein: 

”Project planning aims to bring 
an intention once expressed to its 
conclusion, and turn the idea into built 
reality” 

(Klein, 2008 p.8) 

Figure 14. The process
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This quote illustrates the importance of planning for reaching 
the goal. Kerzner (2009) describes planning in a project envi-
ronment as establishing a predetermined path of action within a 
forecasted environment, where the project requirements are the 
main milestones. Planning is often seen as ‘phase zero’ since it 
leads the project approval and launch of the product develop-
ment process (Ulrich & Eppinger, 2012). 
 
During the first one and a half week, a project plan was de-
veloped in the current project. It was done by first choosing a 
process. With a selected process, the planning could start. The 
reason why it was done in this order, was to be able to have the 
milestones from the process to be able to determine the dead-
lines of the phases. When the stages were set, a timeline in Ex-
cel was created, which ended up being a Gantt-schedule. The 
timeline included all months, weeks, and days. Next step was 
to determine the length of each phase. It was done by listing 
all imaginable activities for all periods. The deadlines from the 
course were placed in the Gantt-schedule to act as a reference 
for other deadlines. For more detailed planning we used Micro-
soft Teams, see Appendix F.

When the lengths of the phases were set, the range of each 
activity got assigned. This was done by using experience from 
earlier student projects. These were not permanent determined 
since these were open for change during the project. The 
Gantt-schedules purpose was to be working as a tool through 
the project; therefore, the activities got color-coded. The colors 
were:

•	 Gray: Not started
•	 Yellow: Started
•	 Green: Finished
•	 Red: Deadline

The color-coding encouraged us to keep the schedule updated 
through the project, due to the satisfying feeling to see greens 
rows. Since the Gantt-schedule was created in Excel, it was 
easy to update. Activities could both be added and deleted. A 
simplified version was also created, see figure 15.

4.3 Conceive
According to CDIO (n.d.), the conceive phase is about finding 

needs, defining regulations, and find relevant information. In this 
chapter, all methods for the conceive phase are explained how 
they work and how they were used in the project.

4.3.1 OBSERVATION

The method observation can be used to get an understanding 
of the users and their situation. The method is suitable to learn 
what people are doing, as opposed to only what they describe 
(Osvalder, Rose, & Karlsson, 2010). To be able to understand 
driver’s behavior in the cab as well as their interactions with the 
seat controls, we made a field trip to Scania’s transport labo-
ratory in Södertälje. They use different Scania-trucks and also 
trucks from other brands to test the products and services. We 
joined four drivers as they were about to start their driving and 
observed them when entering the truck and adjusting the seat. It 
gave an understanding of how they used the controls and what 
position they preferred, and further provided the opportunity to 
ask questions. This type of observation is called participatory 
observations and is described by Wikberg Nilsson, Ericson and 
Törlind as: 

“A participating observation helps 
you identify user needs in a specific 
context. The observation gives you an 
understanding of important aspects 
to consider, dependencies and 
relationships that the task is associated 
with and the goals and attitudes of the 
users in the situation.” 
Wikberg Nilsson, Ericson & Törlind (2016 p.85)

In the current project we therefore documented the drivers and 
their positions in the cab by taking photos, see figure 16. The 
photos made it possible to look back at the material after the 
visit to both remember and see new details. They were also rel-
evant as we split and followed different drivers. Wikberg Nils-
son, Ericson, & Törlind (2016) explain that it can be valuable to 
ask the drivers to speak loud about their actions and why they 
do them in a certain way. To remember those things, we used 

Figure 15. Simplified Gantt-schedule
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experts in human factors, laws and regulations, ergonomics, 
and crash safety. Osvalder, Rose, and Karlsson (2010) describe 
that this type of interview is best when the interviewer in ad-
vance only has a vague idea about the field. Each specialist was 
interviewed separately in a meeting room at Scania and took 
between 15-45 minutes. The open discussions were a practi-
cal way to get knowledge about the different areas. Additionally, 
we could ask questions about the future and how they thought 
autonomous vehicles would affect their area. The unstructured 
interviews were useful to the project as they contributed to great 
understanding in a short amount of time.

4.3.3 SURVEY

A survey is a method to collect information and is often used 
to collect data from a large number of people during a short 
time (Osvalder, Rose, & Karlsson, 2010). To get a general under-
standing of the driver’s needs and behaviors, we did a survey 
that focused on the driver’s actions in and interactions with the 
seats. It was created using the survey tool/website responster.
com. Responster was considered as a reliable tool with appro-
priate design and features for the current project. 
 
Different types of questions and answer-possibilities were used 
in the survey; scales, which are an easy way for both the per-
son who answers the question and the one who process them 
(Osvalder, Rose, & Karlsson, 2010); given options, and open an-
swers. Trost (2001) describes that it is necessary to define the 
right target group to get representative answers. 
 
To reach to many truck drivers, we posted the survey in a Face-
book group called ‘Truckers Paradise’. It was online for five days 
before it was closed and analyzed by studying the graphs and 
data exported from the survey tool. 

4.3.4 FUTURE FORECASTING

Future forecasting can be used as a method to identify hidden 
patterns and possible changes in the market, product areas, and 
companies (Staffo, 2007). Staffo explains that:

“The goal of forecasting is not to predict 
the future but to tell you what you need 
to know to take meaningful action in the 
present.” 
Staffo (2007 p.122)

For the current project, this was applied with the method Ja-
nus Cone, described by Carleton, Cockayne, and Tahvanain-
en (2013), to understand both present and future development 
patterns in transport systems. Important innovations and others 
were placed on a paper, divided with a time-axis. The history 
was then analyzed by finding patterns to act as a base for the 
future forecasting.

4.3.5 DEFINING A FUTURE SCENARIO

A part of the project was to define a relevant future situation. It 
was done by analyzing the knowledge earned from interviews, 
survey, observations, literature, and lectures. Although, due to 

notes and wrote down behaviors, complaints, etc. It proved to 
be a helpful way to be able to use the information later on in the 
design process.

4.3.2 INTERVIEW

Interview is a method to gather information, that is used to gain 
knowledge about peoples experiences, opinions, etc. (Wikberg 
Nilsson, Ericson, & Törlind, 2016). Osvalder, Rose, and Karlsson 
(2010) explain that semi-structured interviews mean that a guide 
is prepared of which areas to address, but that the order of the 
questions can be adapted and that follow-up-questions can be 
asked. 
 
In the current project, we used semi-structured interviews with 
seven drivers to get a better understanding of the seat, the area 
around it, and attitudes about autonomous trucks. The meet-
ings took place at Scania’s test lab in their lunch room and took 
around 10-15 minutes per person. Pre-written questions were 
used as a base for the discussion. The questions were so-called 
open questions. According to Osvalder, Rose, & Karlsson this 
allow the respondent to talk freely and move into a subject 
more closely. The interviews were recorded to be able to listen 
to the material later on, which also made it possible to focus 
on the conversation rather than on taking notes. The method 
semi-structured interviews resulted in many engaging discus-
sions relevant to the project.
 
Unstructured interviews were used to gather information from 

Figure 16. Participatory observation with a driver in Södertälje, Sweden. 
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the uncertainty, our own understanding/guess was needed in 
this project. For this, we used brainstorming. Different types of 
scenarios were clustered into themes. The chosen one was de-
cided together with the manager and supervisor at Scania.

STAKEHOLDER MAPPING

To understand and define who will be touched by the design 
solution, a stakeholder mapping was done. The method was in-
spired by Define Your Audience by IDEO (2015). It started with 
a discussion about what groups that could be involved in or 
touched by the project. All groups were noted on Post-its and 
then grouped. The groups were all from the obvious - the drivers, 
to others like laws and regulations and servicemen. All groups 
were reflected on concerning the project. Some got left out due 
to limitations, the future-aspect of the project and the focus of 
the project. The remaining groups were illustrated in a stake-
holder mapping-poster.

4.3.6 NEED ANALYSIS

A need analysis was made to summarize all findings from user 
studies and to turn those into needs and requirements. Wikberg 
Nilsson, Ericson, & Törlind (2016) explain that if the user and the 
problem are well understood, the process of solving the prob-
lem will be eased. The method used in the current project for 
this was inspired by Wikberg Nilsson, Ericson, & Törlind (2016). 
The first step included an analysis of the interviews and the an-
swers to the survey. It was done using Post-it notes to write 
down expressions. These were placed on paper and sorted into 
themes. Further, we used a function tree to determine functional 
requirements, also this with inspiration from Wikberg Nilsson, 
Ericson, & Törlind (2016). The current seat was analyzed to find 
the primary function, sub-functions, support functions, and un-
necessary functions.

4.3.7 LITERATURE REVIEW

To gather current information, we perfomed literature reviews. A 
literature review includes finding research questions and collect-
ing, evaluating, interpreting, and analyzing data (Milton, 2013). 
This method was used primarily during the conceive phase to 
receive information and gain knowledge in the beginning, but 
also continuously during the project. The data was collected by 
searching in literature both in books and from internet databas-
es. The databases used are Google, Google Scholar, and the 
database provided by the library at Luleå University of Technol-
ogy. The main key words and topics were: industrial design, hu-
man-centered design, user experience, usability, user interface, 
ergonomics, truck drivers, car safety, autonomous cars/driving/
vehicles/trucks, motion sickness, and sustainable development. 
The literature review gave many insights that proved relevant to 
the project. It was useful both as a basis at the start and to val-
idate concepts. It also was helpful for the research questions.

4.4 Design
According to CDIO (n.d.), the design phase includes creativity in 
many forms. This section presents methods implemented in the 
design phase.

4.4.1 BRAINSTORMING

Wikberg Nilsson, Ericson, and Törlind (2016) describe brain-

storming as a procedure to produce a big amount of ideas that 
was invented by Alex F. Osborn. Today there are several different 
types of brainstorming. The method can be done in many differ-
ent ways, and the rules can be changed, but some foundation 
rules should be followed. These are:

•	 Do not criticize: Do not think about usability, realizability, 
or cost. The ideas do not need to be logic. Save these 
thoughts until after the session.

•	 Aim for crazy ideas: The crazier an idea is, the better it is. 
You should feel a bit wild and crazy. 

•	 Combine: Combine and improve ideas. 
•	 Aim for quantity instead of quality: It is great to have many 

ideas. The more ideas, the more ideas there are to choose 
from.

This method was implemented in many different ways in the 
project. At the beginning of the phase,  a small brainstorming 
session was done to get started. This was done by choosing a 
theme for each session. Then ideas were written and drawn on 
post-its placed on a paper. The reason for starting with small, 
simple sessions was to be able to figure out what was suitable 
for the current project.

4.4.2 TOP FIVE

The method Top five (IDEO, 2015) is a tool to communicate, 
strategize, and prioritize. It is done by gathering the team and 
letting everyone write down their top five ideas. After that, the 
ideas are clustered with similar ideas and discussed. This can be 
done as the top five of the day, the top five of the week or with 
other topics as the top five challenges or crazy ideas. It can also 
be a good thing to look back to see the project evolve.
 
Top five was used weekly to summarize and discuss ideas. This 
was a good way to reflect on the ideas, and it also led to some 
more ideas than the ones already brainstormed. 
 
The method was relevant to the work since it, different from oth-
er ideation methods, led to discussions and reflections about 
the ideation work previously done.

4.4.3 WORKSHOP 

According to Chang (n.d.), design and collaboration go hand 
in hand. It is a big advantage to bring people together when 
problems, new ideas, and brainstorming session needs to be 
discussed and created. Chang describes a design workshop as 
a chance for a team to solve problems together through a series 
of exercises. The main focus of a workshop is to get things done 
and are often used to start things or to make decisions. This was 
relevant for the current project since feedback and knowledge 
from the team was wanted. The team has different knowledge 
about different things in the cab, which could be very useful. 
This method was therefore decided to be implemented at the 
beginning of the design phase: when the number of ideas is 
more important than quality. This was done to get early input 
from the team. 
 
The workshop was performed as an activity at a technical meet-
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4.4.7 TEST AND FEEL

In the design phase, a test and feel session was performed 
once again. At this time, more knowledge had been gained, and 
new things needed to be explored. The testing was done on the 
Scania truck parking area were trucks of different models are 
parked. This time the seat and the bed were tested more thor-
oughly, see figure 18.

ing, held once every week. To prepare for the workshop, a goal 
was determined, to generate many ideas in a short period to-
gether with design engineers in the team. To inform the partici-
pants, we created a Power Point presentation about the mission, 
information collected from earlier phases, and the method to-
gether with rules. The approach to this activity was brainstorm-
ing 6-3-5. Wikberg Nilsson, Ericson, and Törlind (2016) describe 
this as an alternative to regular brainstorming, where every par-
ticipant writes or draws three ideas on one paper each. After five 
minutes, the papers are passed on to the next person.

The mini-workshop was held at a technical meeting together 
with the team (cab interior group). This meeting had seven par-
ticipants, thesis students included. The first step was to inform 
all group members about the project. The mission and level 4 
automation were explained. The team also got an overview of 
the collected information from the conceive phase, which was 
the foundation for the needs and requirements.

4.4.4 CLUSTER AND COMBINE

Cluster is a method to find out how ideas relate to each other 
(Törlind & Ericson, 2012). This method was used when the big-
gest amount of ideas was reached. To be able to get an overview 
of the result, all ideas were placed on a big table. Then ideas 
related to each other got placed in a theme group. These themes 
were, for example; tables, leg rest, general seat design, cab lay-
out. Later, ten concepts were created by combining ideas. In the 
first iteration, the focus was on the seat and the cab layout.

4.4.5 EVALUATION OF TEN CONCEPTS

To be able to get input from others, an evaluation activity was 
created. The ten concepts were put up on a wall in the corri-
dor where all employees at the cab interior departments have 
their daily ‘fika’, see figure 17. The concepts were named after 
fruits to be able to separate them and not being connected to a 
function etc. The ten concepts were named: Hallon, Jordgubbe, 
Blåbär, Päron, Kokosnöt, Plommin, Avocado, Apelsin, Ananas, 
and Kiwi, and will be further explained in the results chapter. 
Then the concepts were left on the wall together with pens and 
post-its. It made it possible for the employees to comment and 
give feedback on the concepts. The method made the feed-
back anonymous, which can provide more honest answers. This 
method suited the project well since the employees could eval-
uate the concept when they had time. Also, other master thesis 
students were invited to join, this to get input from people with 
different experiences.

4.4.6 CRAPOTYPING AND TESTING

To get more understanding of problems, difficulties, and the mis-
sion, ‘crapotyping’ was used. This method was inspired by lo-fi 
prototyping but was renamed and has the focus on creating as 
simple prototypes as possible. IDEO (2015) explains that sim-
ple prototypes save time and concentrates only on the critical 
elements. We used cardboard, tape, and paper to test different 
possibilities. The method was useful due to the simple proto-
types, which were fast to build and easy to adapt.

Figure 17 Evaluation
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4.5 Implement
According to CDIO (n.d.), the implement phase is about the 
transformation of the design into a product. Methods for pro-
totyping, testing, reflection, and discussion were relevant. The 
methods are defined in this section.

4.5.1 EVALUATION OF FIVE CONCEPTS

The evaluation in the implement phase was done to reduce five 
concepts into three. To do this, three different methods were 
used. These were dot-voting, pros and cons, and an evaluation 
matrix. Each method gave the concepts different points, which 
were summarized in the end.

Dot voting
Dot voting is a method to make group decisions (Fransesco, 
2017). Our version of dot voting was done together with the 
group and some participants from the neighbor group. The con-
cepts were hanging on a white-board, see figure 19, and the 
group got three magnets each. One blue, red and green. The 
blue represented ‘best’, red ‘better’, and the green ‘good’. The 
participant was then asked to put the magnets on the top three 
concepts in the order of good, better and best. After the session, 
the magnets were counted. Best gave three points, better got 
two, and good got one point.

Pros and cons
At the same session as the dot-voting, the participants got the 

chance to write pros and cons on each concept. This method is 
a fast way of making decisions, according to (MindTools, n.d.). 
All pros and cons were counted to give each concept a score. 
Pros gave one point, and cons gave minus one.

Matrix
The matrix was done mostly without input from the cab interi-
or-group. Five different topics were produced, which was nec-
essary for the project and the concept. These topics came both 
from the needs and requirements and also from Scania’s vision. 
The concepts could then get a score from one to five points.
 
The topics in the matrix were discussed together with the su-
pervisor. Feasibility was chosen to validate which of the con-
cepts that would be easiest to implement. Factors in this were 
how much of the interior would be affected and how much of a 
change the concept would involve. 
 
The ergonomic aspect was validated since the seat needs to 
have good ergonomics. Factors that were studied were, for ex-
ample, how individualized the concept can be. The adjustment 
area was another aspect. The cost in the aspect of pure product 
cost was discussed. The last topic in the matrix was how the 
idea was able to adapt to the modes: drive, work, and rest. The 
scoring of the matrix and the other two methods were then sum-
marized together to get the final evaluation score.

Figure 18 Testing bed options

Figure 19 Evaluation with group
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4.5.2 LO-FI PROTOTYPES

From three evaluation methods pros and cons, dot-voting and 
the matrix, there were two clear winners. Since the remaining 
concepts had much lower scores, but still had some interesting 
details, some simple tests and lo-fi prototypes were performed 
on these details. The screens of Kokosnöt would, for exam-
ple, work with the mango concept. The leg rest from Plommon 
could work with mango and Hallon. Wikberg Nilsson, Ericson, & 
Törlind (2016) describe using simple cardboard prototypes can 
be effective both internal in the project team and external for the 
taskmaster and user. Wikberg et al. also explains that mock-ups 
are a form of a prototype in full scale for testing function and 
ergonomics. Lo-fi prototypes were used to test and validate dif-
ferent aspects of the concepts, like how far back a comfortable 
position should be, how a footrest should be, and testing of the 
screen in Kokosnöt. 

Carpet test
To get a better understanding of how far back a resting position 
is considered, a model of the cab inside was taped on a carpet, 
see figure 20. We call this the carpet test. An office chair was 
placed on the mat to represent the driver seat. Six persons of 
different length and gender were then told to first position them-
selves in a driving position. Then they were questioned how they 
would like to sit if the truck drives itself and they could rest. 

4.5.3 COMPUTER-AIDED DESIGN

Computer-aided design (CAD) is described by Krebs (2007) as 
a method for drawing and designing with a computer as help. 
These programs make it possible to draw both two and three di-
mensional. There are both simple and more advanced programs 
of CAD software. The CAD software that Scania provides was 
CATIA V5. CAD modeling was used as a method and tool early 
in the implement phase. 
 
By importing parts of the cab, measurements and understand-
ing of the product were earned. At the beginning of the phase, 
cad was used to understanding further how the mechanics in 
the current seat worked. We also used simple modeling of boxes 
as an evaluation method. With the final concept chosen, CAD 
was used to design the prototype. The CAD substrate was then 
used in the operate phase and during the prototype building.

4.5.4 CONCEPT SELECTION

To make the final selection of one concept, the two winning con-
cepts from the evaluations and the details were investigated fur-
ther to validate if they could be possible to move on with. This 
included further literature study on seat safety as well as a dis-
cussion with a crash safety expert at Scania. With these further 
discussions, evaluations with both prototypes and CAD model-
ing, it became obvious of which concept was the final one.

Figure 20 Carpet test.

4.6 Operate
CDIO (n.d.) describes the operate phase as the final stage in the 
processes of CDIO. In this phase, the final touches will establish. 
Final discussions and documentation are essential. The meth-
ods for this phase is described in this chapter.

4.6.1 DETAIL DESIGN

The task for the detail design is to complete information for 
making the final concept into a product. With a function-based 
prototype focused on the user experience, we also wanted to 
model and render a visualization of the concept to better show 
how it could look with a new seat and bed solution. For this, a 
combination of CAD and also Computer-aided Industrial Design 
(CAID) was used. Akca (2017) describes that Autodesk Alias is 
a NURBS-modelling software that can be used to develop and 
show form and color in product design. The deliverables of the 
detail design were the final result of this thesis work.
 
Since the deliverable of this project is a solution for a future 
autonomous truck cab, all details cannot be determined yet. 
Therefore the detail design has been focused on the desired re-
quirements. During this phase, the focus was on identifying the 
measurements of the bed and the function of the seat which 
included the seat adjustment for pushing the seat further back in 
the cab, the leg, and armrest, controls, and storage. To be able 
to decide measurements, common furniture company’s assort-
ment has been used as references.

The project team had continuous discussions with the super-
visor at Scania. By using CATIA, the measurements of the bed 
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were defined by moving existing components and creating and 
add new. The environment (the cab) and some interiors were im-
ported from CATIA to Autodesk Alias. The seat was redesigned 
and placed together with other changed interiors in a cab envi-
ronment. The focus when redesigning the seat was to make it 
match the bed. 
 
The usage of CAID proved useful for the project, both for model-
ing and rendering. The work in Alias and CATIA was done paral-
lel, to ensure the prototype and the rendering would match. The 
work in CATIA focused on the prototype and Alias on the final 
design. Photoshop and Illustrator were used for the final touches 
of the visualizations.

4.6.2 PROTOTYPE BUILDING

According to Wikberg Nilsson, Ericson, and Törlind (2016), pro-
totyping is a method of exploration of different alternative solu-
tions of different possibilities. A prototype is also described as a 
model which is built to be able to test a concept.  Wikberg et al. 
describe the purpose of a prototype is to understand the design 
problem and explore and develop different innovative solutions. 
The aim is also related to being able to test the interaction, func-
tion, and understanding between the user. 
 
In this phase, the method of experience prototyping was used. 
The purpose of the final prototype was to show the new driver 
experience of having more legroom in a cab. A decision was 
taken together with the manager and supervisor of building the 
final concept as a full-scale prototype in an S20 cab (Scania’s 
largest cab) placed at the office. This to get a real experience of 

how the new cab layout would look and feel. 
 
To be able to use the cab, the existing storage and seat were 
demounted. Due to the size of the prototype, the bed structure 
was decided to be built in wood, since it is easy to use. The 
prototyping started in CATIA to explore the opportunities. The 
prototype was created by using boxes and cuboids to represent 
wooden studs. The supervisor at Scania ordered one seat, six 
seat-tracks, and a bed mattress. 
 
Since the current seat used in the prototype needed to be mod-
ified to fit the bed, foam from the seat was removed by using 
a knife. Material from both the seat pad and the backrest was 
removed. The pad to get a flatter form to match the mattress 
and the backrest because otherwise, it would be in the way for 
the feet.  By doing this, the seat got the desired shape. The seat 
textile was then put on, and since the material was removed, the 
textile needed to be stitched to match the new seat form, see 
figure 21.

The current bed mattress was modified by decrease the length. 
This was done by removing 40 cm of the pockets and the foam. 
The textile was then stitched and tightened around the mattress.  
The biggest challenge of building the prototype was to give the 
seat an increased adjustment length. The set of 6 seat tracks 
was made into two pairs of long tracks, see figure 22 for current 
tracks.
 

Figure 21 Seat modification
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Figure 22 Current upper and lower tracks

It was done by removing the upper tracks by cutting off the end 
stops and then knock out the bearings, see figure 23. By do-
ing this, the lower track was kept and removed from the upper 
tracks.  When all upper tracks were removed, the lower ones 
were mounted together three and three to create extra-long seat 
tracks.
 
Underneath the tracks, four steel pieces were mounted. The 
reason for these was to even out the floor in the cab structure 
and to hold the tracks together. They were installed on the floor, 
using the existing threads from where the seat adapter is used to 
be placed. The next step was to put one pair of the upper tracks 
inside the now extended lower tracks. Then the seat adapter 
and the seat was placed on the tracks and the seat was placed 
on the seat adapter.

4.6.3 PROTOTYPE EVALUATION

There was a requirement from Scania that the prototype was 
needed to be evaluated by a reference group. This was done by 
inviting an ergonomic and the team leader of industrial design at 
Scania but also selected people from the department. The pur-
pose of this was to get feedback on the final design. Discussions 
and a short survey did the evaluation.  The following questions 
were asked by the survey:

•	 How did you experience the seat in resting position?
•	 How would you like to adjust the seat (manual, electric or 

other)?
•	 What would you need to be able to perform simple office 

work?
•	 How do you think it would feel like sitting in the rear back 

position while the truck is driving?
•	 How do you think you would experience the bed?

4.7 Method discussion
Since the mission of this project was to develop a seat solu-
tion for autonomous trucks, which neither we or the cab inte-
rior-team at Scania had much experience from, a new context 
about the autonomous industry had be explored. Many hours 
were spent on developing future insights, which later proved be-
ing an important base for the project. The autonomous future is 
both compelling and deterrent. During the project, we have met 
people from different parts of the truck industry, drivers who use 
the actual product every day, and engineers developing differ-
ent parts and systems of the trucks. From all meetings, we de-
veloped an understanding of the truck future as a controversial 
subject, and this has followed us through the whole project.

Figure 23 Track modification
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From the start of the project, when collecting information, we 
had to be very critical of all information that was collected. There 
are many articles out there where people more or less guess 
how the future will be. Therefore, it was important for us to cre-
ate our vision and thoughts about the future. During our whole 
Industrial design engineering education we have been work-
ing with identifying user needs, which was important as it was 
one of the biggest tasks in the current project also. Although, 
the current project put us in a new situation where the current 
users might not be the users using our final solution. Most of 
the current users did not even like what our project was about, 
since they fear a future of losing their jobs. This put us in a very 
special situation where we needed to interact with the drivers 
in a respectful manner and thoroughly explain the reasons for 
doing the project. The skepticism from drivers required us to 
re-think the questions for the interviews, surveys, and observa-
tions again and again. This was however useful since it made 
us more prepared and respectful of different user experiences 
during context immersions. 

The last part of the conceive phase was to determine the needs 
and requirements, which was challenging to settle at that time 
of the project. We learned that new insights had to be imple-
mented throughout the whole project, as we continuously read 
different kinds of literature, talked to users and experts and also 
looked what into was happening in the autonomous industry de-
velopment market. This could not have been done just in the first 
phase, for us in this project it was very important and valuable 
to do it repeatedly. The shift is happening quite fast, and during 
our time within this project, there has been huge development in 
the autonomous market. This has affected the research since we 
have got new information throughout the whole project.
 
The design phase required many different methods throughout 
the project. Also, here we were affected by getting information 
about the autonomous shift and also frustrated by not knowing 
what the future will look like. A challenge through the design 
phase was to know what kind of solution would be possible due 
to legal demands. For example, we do still not know if seatbelts 
will be a requirement when trucks are autonomous. If the driver 
does not need to sit in the seat with seatbelt on affords a totally 
new design space. It would have facilitated the ideation phase 
if all different aspects were determined. Due to this confusion, 
some of the ideas that were brought to the final ten concept 
were rejected due to safety aspects. 
 
It was a true learning experience to do the workshop with our 
team at Scania; The workshop ended up with great discussions 
that were useful for both parties. During the project, we have 
used our group and neighbor groups, at Scania, to evaluate and 
discuss solutions. 
 
Traditionally,  you involve users in a project like this. Since we 
have made an assumption that todays typical driver will not 
be the same in the future, we have chosen to not involve the 
drivers after the conceive phase in the project. We are aware 
that this might seem contradictory as we stress the important 

of understanding user’s needs and experiences, but the deci-
sion was taken in collaboration with the client manager, and su-
pervisors from both Scania and the university. The reason was 
that the driver’s negative attitudes towards autonomous driving 
may have affected the result. They were however part of the first 
phase and insights of their needs and preferences were identi-
fied there. However, if drivers were part of the final phases, the 
result may have been totally different. 
 
In the implement phase, it was planned to do prototypes of a dif-
ferent concept. Since all our solution almost exclusively involved 
a whole new cab layout, we had problem prototyping more than 
one concept due to the time aspect. 
 
We made smaller prototypes of details, but of course, it would 
have been a good learning experience for both us and Scania 
if we would have done a full-scale prototype of more than one 
concept. During this phase, we used CATIA as a tool for digital 
prototyping, but a digital prototype does not give the same feel-
ing as a full-scale prototype. When doing a solution that involves 
the whole cab layout, it seems to be a great advantage to let 
the users experience the prototype in full-scale. It proved very 
valuable to be able to enter a cab to try the solution, and hence 
prototyping is something we strongly recommend others to im-
plement as well. 
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5. RESULTS
This chapter presents the results of the project phases. The result is outlined following the CDIO process; conceive, design, 
implementation, and operate.  The result of the conceive phase is presented by posters, collages, and illustrations. The design 
phase is presented by sketches and notes from workshops. The result of the implement and operate phase is presented by 
illustrations of CATIA files, pictures, and renderings in upcoming sections.

5.1 Conceive
The following sections describes the results of the second part 
of the conceive phase, the first part is outlined in the context 
chapter.

5.1.1 OBSERVATION

The results of each observation are presented below:

Person 1
This driver was a tall man with big body measurements. The 
truck was of the brand DAF. This driver worked with long-haul-
age and therefore thought adjusting the seat was extra import-
ant. He used almost all controls and placed the seat at the very 
back of the adjustment rail. When the seat was in this position, 
the back rest was not able to tilt so much since the bed was in 
the way. He described that he could adjust the things he need-
ed. As he was tall, he did not have so much space between his 
knees and the nearest front panel; there were only a few cen-
timeters left. He had no possibilities to lean back more into a 
comfortable position. He did not like to have the neck rest tightly 
to the neck while driving. 

Person 2
The second person observed was a woman driving a Scania. 
The first thing she described was that she sat very upright com-
pared to others. The reason for that position partly was because 
she believed that was the best way ergonomically, and partly 
because of the field of view. She had to sit at the bottom, without 
air suspension, to reach the pedals. If she used air suspension, 
her heels did not reach the floor. Since she was sitting at the 
bottom, she had to sit straight to see anything. She wanted to 
use the air suspension and was concerned that it would hurt 
her back not doing so. The position was near the front, and the 
backrest was straight up.
 
As the shortest person and also the only woman observed, it 
was interesting to see and listen to the problems it meant be-
ing shorter. This woman was 162 cm, which is not outside the 
5th percentile for women. However, her issues with reaching 
the floor could be due to other measurements than total height. 
Another short woman described that she sat very high to have 
good vision, and did not have any problems reaching the pedals.

Person 3
The third person had already fixed the seat. He jumped in again 
to show us his position and what he used. He was the oldest 
person in the observation and was also long. He used some 

air suspension, sat far back with a slight tilt in the back. When 
showing this, he moved the steering wheel up so that it would 
not be in the way. Moving it seems to be quite easy and some-
thing that the drivers can do quickly and with ease.

Person 4
The fourth person was a male of an estimated standard length. 
He used the forward/backward control to get to the wanted po-
sition, which was somewhere in the middle of the adjustment 
range and described that he always wanted to sit as far down 
as possible, without any air suspension. He used the armrests. 
He sat in a slightly tilted position and described that he thought 
the seats with tilt in the upper back was much more comfortable. 
The reason was that he wanted free space behind his head, 
which he could not achieve with a fixed neck rest. The truck was 
a Scania and with a seat that had the upper tilt. Another remark-
able thing is that he took off his wooden shoes, placed them on 
a mat beside the door, and then drove with socks.

5.1.2 INTERVIEWS

The summarized result of the interviews with drivers is present-
ed below, divided into different topics. Then a summarize of the 
information gained in the unstructured interviews is presented. 
Appendix G shows full answers. 

Respondents
The interviews with drivers resulted in seven interviewed per-
sons that all were male. They were between 30 and 60 years 
old, with a mean value of 48. Their lengths varied from 174 cm 
to 196 cm, with a mean value of 187 cm. All of them worked at 
Scania Transportlaboratorium AB. Two drove between Söder-
tälje, Sweden and Zwolle, Netherlands, with a twelve hour stop 
in Denmark to rest and sleep. They described sitting in the seat 
4,5 hours at a time, which is as long as allowed before having 
a break. Between Denmark and Germany, they travel on a ferry. 
Five worked domestic, with driving between Södertälje and Jär-
na, inside Södertälje and between different buildings at Scania 
in Södertälje. Those stops are all close and at most 15 minutes 
between the stops. At the stops, it varied if they could sit in the 
truck or if they had to go out and do something regarding the 
loading.

The seat today
Overall, five of the drivers thought that the seat is good, and 
two that it is bad. Most, however, had some things that they 
thought could be better; the armrests are hard and cannot adjust 
in height; the adjustment range is not enough for a long person 
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(the drivers that complained about this was 187, 192 and 196 
cm); when the seat in is the furthest position from the steering 
wheel, the back cannot be tilted; there is not a proper neck rest, 
and the seat cushion is hard and uncomfortable. Two of the driv-
ers commented that the seat is worse than the old seat in the 
previous truck generation. A general thing seems to be that the 
driving position differs if you drive long or short distances, with 
the latter being more upright and closer to the steering wheel. 
One driver thinks that a good thing would be to have the seat 
settings in the driver’s card so that it automatically fixes itself 
when starting the cab.

Area around seat
When asked about the area around the seat, five driver reasons 
it is bad and two that it is good. The bad things mainly concern 
the smaller and lower cabs, where the motor takes up a lot of 
space between the driver’s seat and the passenger’s seat. It re-
moves the possibility to change position for the leg when driving 
with cruise control. It also creates a tight space between the mo-
tor and the seat, making it hard or impossible to pick up things 
that fall. One driver thinks that the door chafes against the knee, 
especially when driving in shorts.

Controls
There were many different opinions and thoughts about the 
controls. Four of the drivers commented that you have to either 
learn the controls by heart (which is hard if you change truck of-
ten due to many different variants) or test each control until you 
get the right one. The controls cannot be identified with haptics, 
and cannot be seen without leaning to the side, which compli-
cates finding the proper control. Two drivers think that the con-
trols should be electrical, making it easier and faster that could 
encourage adjustment of the seat. One driver believes that the 
placement of the controls should on the right instead of the left 
to make them easier to see. Two comments on the arrangement 
of the controls for back tilt and headrest tilt, with the headrest tilt 
placed under the back tilt.

Pauses
Almost all of the drivers described the same behavior while hav-
ing a break. Sometimes they go out and walk or check the truck, 
and sometimes they remain in the seat. When they stay in the 
seat, some tilt it back to rest, and some uses the phone or a 
tablet to play games or use social media. One said that he lays 
in the bed and takes a nap if it is nighttime. One driver describes 
his change from always staying in the seat to talking a walk 
when stopping, which made him improve his daily steps during 
work from around 700-800 to 10 000-12 000. One says that he 
moves to the passenger’s seat when filling in papers since there 
is a table at that side. None of the drivers had other tasks to do 
besides driving when they were in the truck. They had two out of 
five Friday mornings scheduled in an office, but most often did 
things related to the car instead.

1 Personal communication expert interview Fredriksson - Certification engineer Spring 2019
2 Personal communication A. Lampel - Ergonomic 19 February 2019

Autonomous trucks
Even if the attitude of autonomous vehicles varied, most of the 
drivers were negative towards it. They thought it was dull that 
their job either would disappear or concern less driving. How-
ever, they felt that it would be good if it were safer, and some 
believed that it probably would be more reliable than a human 
driver. Most of them though doubted that the technology could 
handle all situations and figured it would be hard to trust.

Interview with certification engineer
Fredriksson1 describes that there are three primary laws re-
garding the seat, which is about the seat attachment, the belts 
attachment and about the belt itself. When it comes to auton-
omous vehicles, she explained that there are no current regu-
lations. The work has, however, started with setting rules about 
some features in an automated vehicle. Those are, for example, 
about the systems that will replace the driver’s control and those 
that will provide the car with information at all time about the sur-
rounding area. Fredriksson explains that these new regulations 
can be at EU-level or UN-level and that they take time. Another 
thing that EU wants to implement is to in some way get a better 
vision for the driver, preventing accidents where the driver in a 
truck does not see pedestrians or cyclists due to his or her high 
position.

Interview with ergonomic
The ergonomic A. Lampel2 means that seat ergonomics is com-
plicated, due to the variation of body measurements not only in 
height but also different measures in, for example, the lower leg, 
arms, upper body, width, etc. The seat design concerns the heel 
point, the hip point, and the 5th and 95th percentile. The data is 
from a stretched version of the German population. One difficul-
ty is that the seat design presumes that the person in it sits in a 
correct position, which is not always the case. Lampel describes 
that this varies in city driving and long distance driving, where 
the city driver often has a more upright position due to better 
sight, while the long-distance driver more often leans back.
 
Lampel further describes that one of the biggest problems with 
sitting is that the pelvis is easily tilted backward, which gives 
pressure on the disks. The position of the pelvis is better when 
standing up or lying down. The problem with sitting in a good 
position that it requires activated muscles, which is tedious. 
Lampel means that this creates different challenges. For exam-
ple, some of Scania’s seats offer tilt in the middle of the back-
rest. The feature is very appreciated by the drivers, giving them 
support when they sit in a position that looks like a C. However, 
that is not a right way to sit, and perhaps it should not be en-
couraged. Lampel also emphasizes the problem with stationary 
sitting.

Interview with human factors specialist
A. Lindgren Walter is a specialist, working with human factors 
and HMI for future driver assistance systems at Scania and is 
a Ph.D. in Human Technology Design. He explained that level 4 
of automation is probably the first time that autonomous driving 
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can be considered a business case3. Level 3, on the other hand, 
is hard both due to economic, regulations, and safety factors. 
Economical since automation requires a lot of technology, sen-
sors, cameras, etc. that costs much. With the driver still needed 
for the steering wheel ready to take over, it does not provide 
any economic benefit for the haulage contractor compared to 
today’s trucks. Regulations due to the conflict of who is respon-
sible for a crash, for instance. 
 
If the system leaves the responsibility to the driver in a difficult 
situation, and the driver makes a mistake (due to the drivers lack 
of awareness and knowledge of the case that comes with more 
automated systems) that makes the crash even worse than it 
would have been if the driver did not take over, who is then re-
sponsible? Also, the more automated system, the less focus the 
driver has on the road. The benefit with level 4 compared to level 
3, is that the driver could rest or sleep while the truck drives 
itself. It could, for example, reduce delivery times. Most of the 
big automation brands have stopped working with level 3 due 
to cases like those and now focuses on level 4 and level 5. He 
also says that it is somewhat unclear what the standards mean 
and that SAE newly has changed the definition of level 4, where 
it also is more or less driverless.
 
Lindgren Walter thinks that it will take a longer time than most 
people both inside and outside Scania believe until we see fully 
automated vehicles on the roads. The problem lies in the many 
possible things that could happen. He hence forecasts that it 
will come to restricted areas first, such as mining or in harbors. 
It could work with or without a driver. Many car companies have 
said that they will have an autonomous car on the market by 
for example 2020 or some other nearby year. Lindgren reasons 
that they have an interest in saying so. One example is Waymo’s 
self-driving cars. They often talk about how many miles they 
have gathered driving on roads, with no fatal accidents. Today 
Waymo say that they have driven 10 million miles. Compared to 
how many miles there statistically is before one person dies, the 
number that may sound large at first suddenly is not that much.
 
Lindgren Walter also thinks that a lot could be learned from air-
planes way of working with automation, where the pilots, for ex-
ample, are continuously trained in situations that could happen. 
He thinks that seat belt still will be mandatory, but that the time 
spent driving maybe will be 20%. The new case could mean an-
other type of solution for belts when lying down in bed, or a seat/
bed solution. Then, the comfort in the bed may be more critical 
the one in the driver’s seat. Future trucks might be electrified 
or have another solution, which will affect the layout in the cab. 
For example, electrified cars can have a flat floor. In a truck, this 
would change quite much due to the motor sticking up in the 
middle on most models. 

5.1.3 SURVEY

The survey was public for five days. It then was analyzed by 
using both the summarization tool and also the excel document 
that was able to get from the survey tool used, Responster. The 
summarized result of the survey is presented below and in detail 
3 Personal communication W. Lindgren - Human Factors specialist Spring 2019

in appendix H. All figures from the survey is shown in appendix 
J.

Respondents
The survey was online for five days, and 203 persons partic-
ipated. To be able to identify possible gender differences, a 
question of gender resulted in 12% women, 83% men, and five 
percent other. The length of the participants was also asked to 
track different answers from different groups. Most of the re-
spondents, 29%, which denoted 58 persons were 181-185 cm, 
two of them were women. Overall the survey got answered by a 
variated range of length, where seven percent was 191 or taller, 
and two percent was 156-160 or shorter. Thirty-three percent of 
the respondents drive long-haulage, 14% drives in city traffic, 
and 53% drive both.

The seat today
One part of the survey questioned about the cab and seat in 
today’s trucks. The questions were not dependent on which 
brand the drivers use since a general estimation was where-
about. These questions were rated in a range from one = very 
bad to five = very good. The drivers generated a score at 3.8 
on how they experience the space around the seat. The seat 
comfort while driving got 3.6 and the seat comfort while resting 
was slightly lower, 3.1. Eighty-nine percent answered that they 
could reach everything they need from the driver seat. Things 
not reachable were, for example, the refrigerator, the central 
dashboard, and the controls on the seat. The answers are pre-
sented in appendix G.

Controls
The drivers were asked which controls on the seat they use 
most today. It was up/down, forward/backward, the angle of the 
backrest, and the armrest. If the respondents answered ‘others’, 
they got the opportunity to write with their own words. Many 
responded that they also use the seat warmer and the cushion. 
Nine percent of the respondents adjust their seat while driving, 
12% only at still position, and 58% adjust their seat while both 
driving and still. A follow-up question was asked depending on 
the answer. If the answer was that they did change while driving, 
the next issue was how they thought that was. Most answered 
that they do not experience any difficulties, but some of them 
wrote about the risk of doing it. Meanwhile, the people who re-
sponded that they only adjust while the truck is still described it 
as being very risky doing it while driving.

Tasks
Secondary tasks were described as tasks not related to driving 
that the driver does while driving. Most drivers listen to music, 
radio, and pods and talk on the phone while driving. Everyday 
activities were also to check the GPS, planning, and eating. The 
drivers were also asked to answer what they do while not driv-
ing, namely when they have a pause or their driving time is over 
at long haulage trips. The most popular activities were to rest, 
surf, eat, and talk on the phone.
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Autonomous trucks
The first question about autonomous trucks, the drivers were 
asked to describe their general attitude towards autonomous 
trucks. This question was designed so that the drivers answered 
with smileys to express their thoughts, see figure 24.
 
From the summary, it is easy to see that most drivers are nega-
tively tuned. Fourty-one percent thought very negatively towards 
autonomous trucks, and seven percent were very positive. In 
the question about what they felt about their work situation in 
a world of autonomous vehicles, several of the drivers express 
uncertainty and insecurity since many of them write that they 
would not trust the technology. Some of the answers mention 
that many drivers will lose their job, but the responses were very 
varied. Some drivers do understand what new possibilities they 
would earn, and some are entirely opposed.

JANUS CONE

Figure 25 shows the result of the Janus cone. The result was 
later used in the decision of future scenario. The circles marks 
what we thought was most important.

FUTURE SCENARIO

The result of the brainstorming was many different situations 
that could be the future scenario. The difficulties of this are that 
nothing is right or wrong. The student discovered that the future 
of autonomous vehicles is a sensitive topic for people. Drivers 
are against the implementations due to they are scared to lose 
their jobs. Experts in the field have very different opinions of both 
the application and the time it will take. The most relevant sce-
narios found were the short periods of autonomous driving and 
the long periods of autonomous driving, see figure 25. 
 
The short period scenario means that the autonomous function 
can be used in certain areas sections of the highway. This can, 
for example, be done with a special autonomous lane for all au-
tonomous vehicles. This to decrease the risk of distraction from 

Figure 24 Result of driver’s thoughts about autonomous trucks.

other vehicles. Another way of implementing this scenario is to 
have zones on the highway where vehicles can drive autono-
mously. The benefits of these scenarios of short periods can be 
that the driver does not need to do the mandatory stops as they 
need today. Therefore driving can be more efficient.
 
The long period scenario includes situations where the truck can 
steer itself during a long period. This can, for example, be on the 
highway or designated highways. A scenario can also be that 
the driver only drives the truck to the highway ramp and then 
leave the truck there. Building designated highways for auton-
omous vehicles will be too expensive. If the truck drives itself 
on the entire highway, drivers will be unnecessary and at a high 
cost.  If the driver would leave the truck at the highway, there will 
not be any supervisor of the truck and no fall-back if the condi-
tions are not meet.
 
If the truck would be autonomous during the whole highway 
in level 4, there is no need for the driver to be in the cab. The 
long period scenario determined to be to close Level 5 of au-
tonomous for this project. Since the base of the project is that a 
driver still is in the cab, a decision was taken to focus on short 
periods of automation. Short periods defines as 1-3 hours in the 
current project. These periods are long enough for the driver to 
do another activity, but too short for night sleep.

The future driver role
The future scenario will affect the driver’s part. If the driver gets 
the opportunity to use the autonomous system for a short peri-
od, 1-3 hours, they will need to do something else besides driv-
ing. These tasks are not determined either, which affected the 
result. The future task was found by looking at future scenarios. 
In the future, the drivers might get a more administrative role. It 
can, for instance, make the drivers handling logistic questions 
and planning. A more administrative role can require a more of-
fice like environment. Seen from the literature review and current 

Figure 25 Janus cone
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state, experts think that drivers will have tasks looking more like 
an airplane pilot, which is more of a supervisor of a system.
 
If the driver’s role changes the iconic ‘trucker’- stereotype will 
change. In interviews, drivers explained why they are truck driv-
ers. Most of them said they like driving and are very interested 
in vehicles. Another picture is seen in the benchmarking, where 
Mercedes visualize their future cab with a man in a proper shirt 
and long pants looking like the stereotypical office worker.

5.1.5 STAKEHOLDER MAPPING

The stakeholder mapping resulted in four main groups. The 
groups and in which way they will be relevant to the project were 
explained. The most important stakeholder is the drivers. Since 
they often work in the truck all day and sometimes also live in 
it, their needs and preferences have a significant impact on the 
project. Haulage contractors and logistic planners are connect-
ed to the drivers and are often the ones that buy the trucks. 
For them, efficiency is maybe the most important thing, and it is 
also a big opportunity for improvement in the industry, where low 
loading rates and long waiting times are standard. Scania is the 
manufacturer of the trucks. They hold a significant market share 
in mainly Europe, and of course, want to maintain that and to 
have an attractive product to customers. Laws and regulations 
play a quite complicated role in this project, due to the lack of 
rules about products that are still futuristic or who are new to the 
market. However, the producers have to adapt to laws from EU 
and UN. They often get a few years to implement something that 
is a new law for new cars and trucks. Figure 27 shows the result 
of the stakeholder mapping.

Figure 26. Illustration of scenarios. 
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5.1.6 NEEDS AND REQUIREMENTS

This section explains the needs and requirements.

Needs
When the interviews, surveys, and observations were analyzed, 
essential and exciting expressions were written on Post-it notes. 
These notes were placed on a paper, see figure 28.
 
The notes were sorted into themed groups: work duties, rest-
ing, seat adjustment and controls, and spare time, see figure 28. 
Work duties were duties the drivers told they did when work-
ing but not driving. Many drivers have paperwork in the form 
of planning, administration, and handling way-bills. In a future 
scenario, it may be more common for drivers working on a com-
muter or tablet and that it is more of regular office work. The 
‘resting theme’ showed that drivers want more space. There is 
already limited space around the seat regarding tilting and leg-
room. To have a comfortable rest, the drivers what to be able to 
stretch their legs.

Scenario
The current situation was described with drawn pictures to vi-
sualize problems. Many drivers were experiencing a lack of leg 
space in the driver’s seat. This led to the drivers having trouble 
tilting the backrest backward if they would want to sit in a more 
relaxed position. The limited space also results in the driver’s 
knees being very close to the steering wheel and the dashboard. 
Larger drivers also have a problem with the knees hitting the 
door. Short drivers have issues with reaching the pedals if they 

use air suspension in the seat. Many drivers also experience that 
the controls are confusing since they are very alike. Some per-
ceived the controls as hard to reach with the door closed and if 
the armrests are down, see figure 29.
 
The users are truck drivers, who mostly are men in the years 18 
to 65. Today they adjust their seat when entering the truck and 
fix smaller adjustments while driving. When resting, they use the 
bed or the passenger seat. Truck drivers often handle papers 
which are kept by the sunscreen, passenger seat, dashboard or 
on the side table. It can decrease the sight, and be a safety issue 
if the papers fly away. Some drivers spend some of their working 
time in an office doing administrative work. Long haulage drivers 
tend to sit at the very back of the seat and as low as possible.
 
Some frustrations that can appear today is that the driving time 
ends at the wrong places. In general, many drivers perceive their 
work as stressful. Most drivers experience the space around the 
driver seat as limited, and this accuses not being able to vary 
their driving position. In the future with autonomous trucks, the 
drivers want to have an overview of the vehicle when it is driving 
by itself, to be able to trust the car and feel safe and relaxed.  
They would also like to be able to rest more comfortably in the 
driver’s seat and to have the possibility to do other activities 
while the truck drives autonomously. They what to be able to 
vary their position easier for better ergonomics. Many drivers 
also wish to have a seat that is adjusting itself when entering the 
truck. Overall they would like a better work environment. Their 
main thing to accomplish with having an autonomous vehicle is 

Figure 28 Result of analyzing context from users.
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to be able to be more efficient. Their main goal is to feel partici-
pated and valuable and not replaced. They also want to be more 
productive and be less stressed.

Function analysis
The function analysis resulted in a function tree and an attrac-
tive solution-evaluation. The function tree was built on the ex-
isting seat and resulted in the primary function followed by four 
sub-functions and six support functions. The main task was to 
support the driving position. This differentiates a driving seat 
from an ordinary chair or an office chair. The sub-functions that 
cooperate to create the primary function were to allow relief, 
give seat height, enable position adjustment, and to provide 
safety. Each of those also got their subheadings. The support 
functions were functions that are not necessary but who facili-
tates use, makes the product more attractive or adapts to regu-
lations. These were to allow air suspension, ergonomic position, 
comfortable position, climate adaptation, upper back tilt, and 
extra design features. The function tree in figure 30 was inspired 
by Wikberg Nilsson, Ericson, and Törlind (2016).

Figure 29 Needs sorted by themes.

Figure 30 Current situation described with drawings.
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The attractive solution-evaluation was created by going through 
the survey and the interview looking for answers about the ques-
tion: what makes the solution attractive for the users? It resulted 
in an illustration with seven words or meanings: easy to under-
stand, comfort, great adjustability, function, simplicity, easy to 
clean, and reliable. Each got a picture that was supposed to 
show what that can mean. Figure 32 shows the result.

Final needs and requirements
Figure 32 summarizes the needs and requirements. These are 
the base of the continuous work of the project. The solution 
needs to fulfill these to say that the project is completed and 
successful. A requirement is a seatbelt due to current condi-
tions. Though it may be possible to lay down and sit angled from 
the standard position. Today it is considered dangerous, but it 
may be allowed in the future. Since the driver may have possi-
bilities to rest while the truck drives itself, new regulations for 
driving time may be needed.
 
The drivers need to have possibilities to do office work in the 
truck and be able to control some functions from the seat. The 
seat needs to have simple controls that are easy to understand. 
The seat needs to have a resting mode, and the driver should 
feel safe. Also, everyday spare time activities should be possible 
to perform while not driving.
 
The seats functional requirements are that the seat adjustment 
needs to be smooth and not affected by the movement of the 
truck. Today, there is a risk of changing the position when driv-
ing due to the acceleration. The seat should encourage the user 
to change the position frequently for better ergonomics. It will 
be even more important if the driver can stay in the truck for 
a long time without rest stops. The adjustments should not be 
dependent on each other; for example, a tall person should 
have the same possibility to tilt the back as a short person. The 
seat should also have some memory function for drivers who 
change truck frequently and to be able to have different modes. 
To achieve all this, the seat needs an extended adjustment area.

5.2 Design
This section presents the result of the design phase. 

5.2.1 BRAINSTORMING

The result of the initial brainstorming session showed good cre-
ativity from the start, and ideas were found on all different top-
ics. The first brainstorming regarding seat adjustment resulted 
in several different ideas, both realistic ideas, and some crazy 
ones. The realistic ones were, for instance, various examples 
of an extended adjustment place in the floor. The less practical 
ideas were, for example, placing a hammock in the cab or a 
hanging seat, see figure 34.

 

Figure 32. Attractive solution-evaluation. Figure 33. Summarize of needs and requirements.

- Extended adjustment area
- Posibility to change seating position
- Be able to rest in the seat
- Provide a safe position for the driver

Figure 34. Ideas for seat adjustment
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Figure 35. Ideas for an office environment.

Figure 36. Result of top five.

Figure 37. Workshop session.

The next theme that was in focus was how an office environment 
could be created in the cab to give the driver possibilities to do 
the administrative task while the truck drives itself. It resulted 
in different types of trays, like the trays on airplane seats. Also, 
some ideas about how the seat could be more adaptive for of-
fice work are presented, see figure 34.
 
The last theme from the first brainstorming session was about 
adjustment. What would drivers need to be able to control from 
the seat while driving?

5.2.2 TOP FIVE

The top five resulted in one paper each with four categories. The 
four groups included the top five ideas in the areas. Figure 35 
shows the result.

5.2.3 WORKSHOP

The group at cab interior appreciated the workshop since it gave 
an understanding of the project. Eight people did the session, 
see figure 36. The workshop generated about 150 ideas. Some 
of the participants expressed having a hard time being creative 
during the time pressure. The ideas earned from the workshop 

achieved the requirement of being broad and crazy. After an 
overall review, some ideas stood out from the rest. An exam-
ple is a seat looking like a business airplane seat, with walls 
around the driver for screening and also different solutions for 
office work. The ideas were sketched on A3 paper, which was 
collected and scanned after the session. 
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5.2.4 TWO HUNDRED FIFTY IDEAS

The goal for the phase was to reach 300 ideas, but it stopped 
at 250, which still was considered good enough. The spread of 
ideas was good and included both realistic and crazy ideas. See 
figure 38 for examples of ideas.
 
From going through the ideas, themes were found. There were 
many ideas of how a table could be integrated into the seat like it 
is on airplanes. There were also some ideas of how a seat could 
like more like a baby car seat. Since the ideation was done by 
different themes, the result is very variated. Some are on small 
details, and some explain a whole new cam layout.

5.2.5 CRAPOTYPING

The result of the first ‘crapotype’ session was two types of ta-
bles. The first table was a tunable solution which was mounted 
on the right side of the seat. The table consisted of a top formed 
almost like a bean. The form was designed to fit the driver and 

also be able to turn away from the driver in 270 degrees without 
hitting the steering wheel. Problems that were discovered were 
the placing of the table could affect bigger drivers negatively. If 
the driver, for example, would have a larger stomach, the table 
would not be possible to place in the right position. The other 
table solution was a foldable one inspires from airplanes. The 
table was mounted on a telescopic arm to make it possible to 
push in and out, see figure 38.

Figure 38. A selection of ideas from the 250 ideas.

Figure 39. Crapotyping.
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5.2.6 TEN CONCEPTS

Figure 40 shows each the sketches of the 
ten concepts. The concepts are named 
after fruits and berries in Swedish, to not 
put any value.

Hallon is a concept of a seat and a new 
cab layout. The seat is integrated into the 
bed. The seat can slide to a rear position 
to be more comfortable to rest or work.

Jordgubbe is a concept for a cab layout 
where the bed is on the side can fold in 
two to give space for the passenger seat. 
The bed folds out over the passenger 
seat, which also can be folded. A flexible 
table gives the possibility to work.

Blåbär is a concept for a driver’s seat. The 
backrest is static, and the whole seat tilt 
for resting position.

Päron is a cab layout concept. The bed 
can be folded up against the wall to give 
more space for the seat. The bed can also 
be used as a sofa for extra passengers 
or used as a resting place. The passenger 
seat can be folded to use as a divan. Both 
seats can turn.

Kokosnöt is a concept for cab layout and 
driver’s seat. The seat can be pushed to a 
rear position where a big screen is placed 
for a cozier and screened environment. 

Plommon is a concept of a driver seat with 
a thin backrest which will generate some 
more degrees of tilting. The backrest is 
made out of smart textiles, which is light-
weight and breathable.

Avokado is a concept for cab layout. The 
bed is on the passenger side, which gives 
space for a work desk. The seat can be 
turned 180 degrees and be pushed back.

Apelsin is a concept for a driver seat. It 
has foldable support for resting and work-
ing position, telescopic leg rest, and an 
adjustable table.

Ananas is a concept for a driver seat. The 
seat can be tilted with the rail on the back 
for a comfortable position without leaning 
the back. Only top bed for extra space.

Kiwi is a concept for cab layout. The seats 
can turn around 180 degrees. Between 
the driver’s seat and the passenger’s seat, 
there is a retractable table.

5.2.7 EVALUATION OF TEN CONCEPTS

The result of this evaluation was analyzed 
by reading all the notes and having a dis-
cussion with the manager and supervisor. 
Most of the participants liked Kokosnöt, 
Plommon, and Hallon. The evaluation 
gave useful inputs on all ideas. Both the 
group at cab interior and the rest of the 
department appreciated the method of 
hanging the concepts on the wall. It gave 
them a chance to see the work and pro-
vide input. This method was useful since 
everyone who participated had good 
knowledge about the cab and the interior. 
Hanging the concepts on the wall gen-
erated different discussions, which was 
exciting and educational. Some of the 
solutions have been tested before, in the 
current cab, and had not worked. How-
ever, the concept could work in future 
cabs. An example of that kind of solu-
tion was to place the bed on where the 
passenger seat is in today’s trucks. The 
current cab structure is not long enough 
for a bed placed on the side. Some of the 
notes showed a skepticism against sitting 
facing backward since many of the partic-
ipants had experience of getting motion 
sick while sitting in the opposite direction 
of the movement of a vehicle.

Figure 40a. The ten concepts. 
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5.2.8 TEST AND FEEL

The test and feel session gave new insights into problems. One 
discovery was a new tilting function, similar to the one of seats 
tilting back with the help of a rail. Another possibility, to place 
a bed on the side, where today’s passenger seat is, was also 
tested. The space of the cab, however, was too limited to place 
the bed in that position. 

This experiment, together with discussions with experienced 
engineers, gave the conclusion to not work with these types of 
solutions. One of us tried to lie down in that direction and did 
fit. Although, the bed length should be at least 200 cm, and that 
would not fit. This made the concept Avokado, Kiwi, and Jord-
gubbe did not make it to the next evaluation step.  

The next thing tested in the cab was the top bed. Most custom-
ers of long haulage can choose to have two beds in a cab, where 
the top one is a folded bunk-bed which can be used through 
using a small ladder. This bed solution was tested by climbing 
up the ladder and lying down in the bed. Difficulties getting up 
in the bed was discovered. Even if we consider ourselves young 
and flexible, we had trouble getting up and down the bed. The 
space in the cab when the top bed is in a lowered position, is 
limited, see figure 41.

Due to the issues with climbing up in the bed, solutions with 
only a top bed was removed. This conclusion was derived from 
interviews, surveys, and experts and the fact that drivers want it 
simple and easy could be determined. 

Figure 41 Testing top bed

Figure 40b. The ten concepts. 
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Plommon remained the same but was given a new footrest. Björnbär is a new concept, combined from others. It has one 
removed storage unit to be able to push the seat into the storage 
space.

Hallon got a new design of the seat and bed. This solution was 
more straightforward than the earlier one. The concept still re-
quires a new cab layout.

Kokosnöt got a new design of the walls. There is no wall behind 
the seat to give extra space and to be able to tilt the seat more. 
The bed got a new design.

Mango is a combination of Apelsin and some 
new ideas. It has a bed that tilts down instead of 
up to match the tilting of the backrest and give 
more space. The seat has support cushions and 
an adjustable armrest. Figure 42. Five concepts.
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5.3 Implement
The result of the implement phase is presented below. The result 
describes the reduction from five to three concepts, and later the 
selection of the final one.

5.3.1 FIVE CONCEPTS

The result of the further evaluation after the ten concepts was 
five remaining concepts. Some of those were improved and 
combined, and some remained the same, see details in figure 
42.

5.3.2 EVALUATION OF FIVE CONCEPTS

The result of the three methods used for the five to three evalu-
ation is described below. 

Dot-voting
The result of the dot-voting is summarized in table 1. The winner 
of dot-voting was Hallon.

Table 1 Result of dot-voting

Good Better Best Points

Mango 1 3 5 22

Hallon 2 5 4 24

Plommon 4 2 0 8

Björnbär 3 1 0 5

Kokosnöt 2 1 3 13

Pros and cons
The result of the pros and cons is summarized in table 2. The 
winner in this method was Mango.

Table 2 Result of pros and cons

+ - Points

Mango 14 4 10

Hallon 10 2 8

Plommon 10 3 7

Björnbär 7 3 4

Kokosnöt 7 4 3

Matrix
Figure 43 shows the result of the matrix. The concepts of Mango 
and Hallon got the highest score and passed to the next step. 
The other three concepts were very tight in the scoring (Table 3).

Table 3 Total result of the evaluation

+/- Dot Matrix Points

Mango 10 22 16 48

Hallon 8 24 17 51

Plommon 7 8 13 28

Björnbär 4 5 15 24

Kokosnöt 3 13 14 30

5.3.3 FINAL SELECTION

Table 4 shows the result of the carpet test. The average differ-
ence between the preferred drive position and rest position was 
28 cm. However, the variation was significant and differed from 
19 to 43 cm.

Table 4 Result of carpet test

Drive Rest Difference

1 43 70 27

2 45 77 32

3 47 70 23

4 56 99 43

5 56 75 19

6 58 83 25

Average 51 79 28

This result speaks for the concept Hallon since it can move back 
the most. A simple model was built in CATIA to test how far back 
Mango could get. It showed that a fold-down bed only gave an 
additional five centimeters in adjustment space. However, this 
could be solved by another construction that makes the bed go 
up against the wall.
 

Figure 43 The evaluation matrix
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The result of the foot/leg support prototype showed that it was 
clumsy and not so comfortable. Figure 44 shows the different 
positions. The test persons went to get a leg rest from an arm-
chair, see figure x, to test against, and pointed out that it was 
much more comfortable to place a more significant part of the 
leg on a rest, than to only place the foot on a rest.
 
The Kokosnöt prototype showed that it is unnecessary to have 
a screen to the left since the wall and curtains already create the 
desired environment, see figure x. There is also storage opportu-
nities and a reading lamp that could be reached if the seat could 
go further back, see figure 45.
 
On the right side of the driver, it was questionable whether the 
screen would be appreciated or not. If a passenger were in the 
cab, it would be hard to communicate, which could be both 
a wanted and an unwanted feature. A risk that prominent or 
broad-shouldered drivers would have a hard time to fit, while still 
keeping the screen close for a cozy feeling, was also discovered. 
The result of the tape on the bed for an alternative shape of the 
bed showed that it was a possible solution. We tested to lie in 
bed, and the new shape of the bed did not disturb our sleeping 
positions, see figure 45.
 
In discussions, Loftén4 talked positively of moving the seat fur-
ther back due to safety reasons. This however places higher de-
mands on the seat and the seat belt to take up forces in a crash 
since the driver will not hit the air-bag/steering wheel or instru-
ment panel. This together is negative to the concepts Plommon, 
which has a thinner seat back, and to Plommon, Kokosnöt, Man-
go, and Björnbär, due to the limited adjustment area compared 
with Hallon. Literature research also made it clear that Björnbär 
would not work as a concept, due to the increased security risks 
with a reclining seat back and a higher seat tilt (Tang, Liang, Liu, 
& Jinhao, 2012).
 
Altogether, the test results, prototyping, testing, discussions, 
and literature study pointed towards the two concepts Mango 
(with another bed solution) and Hallon the most. A new bed solu-
tion would mean that the storage room under the bed would be 

4 Personal communication Loftén - Spring 2019

absent since the bed would need to be placed tight near to the 
rear wall to gain the same adjustment range as Hallon. A solu-
tion like that could mean a difficult and heavy lift for the driver 
to get the bed in the sleeping position. That kind of lift could be 
ergonomically bad for the driver since the bed weighs about 30 
kg. However, this problem could be solved by an electric lift, but 
then the cost would likely to be a problem, and there would still 
not be any room for storage under the bed. Due to the better 
rest and work functions of Hallon, in combination with it being 
a more futuristic concept and room for storage, the choice was 
made to move on with Hallon as the final concept.

5.4 Operate
This section describes the result of the operate phase, which 
includes the result of the prototype, the final detail design, and 
visualizations.

5.4.1 DETAIL DESIGN

The result of the detail design was successful. The bed in the 
concept was decided to be an 800 mm wide mattress, which en-
tails the drivers get a larger bed in a total area then what they can 
have in today’s trucks since this bed will not have the carving 
for the seats. Since the seat will be a part of the bed, the length 
of the bed mattress will be 1500mm. Together with the seating 
cushion of 500mm, the bed will have a total length of 2000mm. 
According to looking at the beds IKEA offers, the standard length 
of a bed is 2000mm, and the minimum with is 800mm. 
 
The adjustment of the seat was designed to allow the seat to 

Figure 44. Result of leg rest prototype.

Figure 45. Investigation about concept Kokosnöt.
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go back 1173 mm at the first try. A discovered problem was 
that the rear lower panel stopped the seat of going as far back 
as wanted, see figure 46 where the red line represents the rear 
wall panel.
 
The reason why the seat needs to be pushed back more than the 
1173 mm, is because the seat cushion needs to match the bed. 
To be able to have an 800mm bed, the bed needs to be placed 
as far back as possible for not blocking the door.  The solution 
for this problem was then to take away the rear wall panel for 
the prototype and to design a new one for the detail design. The 
reason why the panel is extended from the wall is because of a 
climate system component. This component needs to be placed 
somewhere else in the future. Without the rear wall panel, the 
seat tracks could be extended further to 1213mm in total. The 
current seat has an adjustment distance of 230mm, which gives 
an increase of almost one meter. 
 
As seen in Figure 46 the seat is not as deep as the bed looking 
from the side. This is solved by placing a leg rest on the seat, 
which can be used in sleeping position and resting position. 
When in sleeping position, the leg rest is folded up covering the 
space missing from the seat to match the bed, see figure 47. 
There will, unfortunately, be a small gap between the bed and 
the seat. It can be solved by including a mattress to cover the 
hole and differences between the bed and seat.
 
It is likely that most trucks are electric at the time this concept 
can become relevant. When having an electric truck, you might 
want to avoid air suspension, which will lead to an electric seat. 
We have then assumed this new seat would be electric. This will 
affect the air suspension of the seat whose purpose is to protect 
the driver from vibrations. As (Bohgard, et al., 2010) explained in 
the chapter of physical factors in the work environment, body vi-
brations can cause neck and back problems. Therefore it will be 
important to look for a new solution. Although, this was outside 
the frame for this project. An electric seat will require new con-
trols for the seat. Tentatively, this could be placed on a screen 
on the side of the seat. Since the focus has been on the seat, 
and controls is a big project itself, no further work have been 
done on this. 

Figure 46. Rear wall panel behind the seat. Figure 47. Prototype planning model.

The armrest on the seat is redesign for a more narrow and slim 
look to fit into the new seat. The storage under the bed will be 
affected due to this concept. To make the seat able to go further 
back then today, one storage unit has been deleted under the 
bed. To solve this, the current storage unit can be used if it is 
modified by removing one storage box.

5.4.2 PROTOTYPING

The result of the CAD model for the prototype is a simple ex-
ample of how the prototype could be built. This gave a clear 
understanding of how much material was needed, which Scania 
provided. Figure 46 explains the construction of the prototype;, 
the seat has been simplified for this model. The existing seat 
has been used for the prototype to get an understanding of the 
function. The final solution requires a new seat design
 
Since existing components were planned to be used in the 
prototype, a CAD model was used to understand how the seat 
adapter was going to be placed on the floor. After analyzing the 
cab and the seat adapter in CATIA, the solution of changing 
place between the tracks and the adapter came up. In today’s 
truck, the seat adapter is mounted on the floor, and the tracks 
are mounted on the seat adapter. By changing the order of the 
components and extending the tracks, the desired result was 
achieved. See figure 47 for component explanation and result of 
the adjustment solution.
 
The new arrangement of the tracks and the seat adapter was 
later imported into a cab model in CATIA, see figure 49. The bed 

Figure 48 .New arrangement of tracks and seat adapter
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is modified by subtracting material so the seat can be placed in 
the rear position. This model illustrates the aim of the prototype. 
The existing storage was placed under the bed to get an under-
standing of how it could look, see figure 48

The result was a 1400x800mm bed-frame made out of wood, 
see figure 50. The bed frame is standing on four wooden legs. 
On top of the bed frame, an existing 800 mm mattress was 
placed. 
 
The result of the seat tracks on the floor is an extended seat 
adjustment length at 983 mm. The upper tracks can move inside 
the lower tracks. With extra lubricant, the tracks could adjust 
quite smooth with an extra push.
 
The result of the prototype was a full scale 1:1 model of the final 
design. The prototype was adapted for being possible to try all 
different possible modes. The seam between the bed and seat 
ended out to be as good as possible with the prerequisites that 
were given, see figure 51.
 
As seen in figure 52, the prototype shows the extended space 
for the driver. In the figure, Amanda can stretch her legs and sit 
in a relaxing position. The leg rest was build out of cardboard; 
which made it possible to show a relaxed position.

5.4.3 PROTOTYPE EVALUATION

From the first question on the evaluation, the prototype got an 
average score on 4,3 out of five. Some people of the evalua-
tion group did comment on this question. The comments were 
about the enlarge space at the driver position the prototype 
gave, which seemed to be appreciated by all test persons.  One 
person commented that when the seat was in the max allowed 
tilted angel, it felt like you were slipping out of the seat. This can 

be solved by giving the seat cushion a small tilt, which was not 
done in the prototype but is a standard function included in the 
current seats. There was also a request of sitting higher up in the 
seat, this to be able to get a better view out of the window when 
the seat is tilted. 
 
The second question of how the evaluation group would have 
like to adjust the seat gave almost a united answer of electrifica-
tion. Thoughts of it would be strange if the whole truck is electri-
fied and autonomous, but the seat was manual was presented. If 
the truck is modern and “high-tech,” the seat should follow that 
pattern. The evaluation also got a request of a memory function 
of a smart seat which knows what the drivers want or can adjust 
by itself to give the driver various seat positions. The third ques-
tion about what is needed for a driver to perform office like work; 
many answers was the need for a table.
 
On the question about how it would feel to sit far away from the 
steering wheel while the truck drives itself, the people answered 
with an average of 3,8 on a one to five scale. The thoughts and 
comments on this question are that the users will get used to sit-
ting far away. If this would be implemented today, many people 
might be scared, but over time, the systems will earn peoples 
trust. There was also request of being able to look out more from 
the rear back position. This can be solved by making a window 
where the side storage is in the current cab.
 
The last question on the evaluation was about how the users ex-
perience the bed. All the people tried the bed by lying down for 
a couple of minutes. Many of the people tried different sleeping 
positions when testing the prototype. The question got a score 
of 3,7 on a one to five scale. Some people comment on the 
seam between the bed, and the seat is a little irritating, but it 

Figure 49. Cab layout for prototype. Figure 50. Bed frame construction.
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might disappear if a mattress is used. When buying a truck with 
a bed today, an extra mattress is included. Some of the people 
wrote that it would be no problem sleeping in the bed now and 
then, but it may be irritating is sleeping all night every week. An 
valuable quote from one person who have tried a similar solution 
before was:

“I have experience of sleeping in a 
bed with a gap. It was a problem if the 
gap was at my back, but not if I turned 
around and had the gap by my legs.”
Test person A

The team leader of the interior design and the styling depart-
ment, Anna Börjesson Bodestig, was invited to these evalua-
tions. Anna was very positive about the final design and thought 
it was an interesting concept and future vision. Anna described 
the difficulties in redesigning the cab in the size of what has been 
done in this project. When making one aspect better, it is com-
mon another one gets worse. Anna recommended focusing on 
the seat in this solution. By giving the seat more comfort, the 
bed would not be as important as in today’s cab. 
 
Paulo Fragoso and Hadi Musa, ergonomics at Scania were in-
vited to evaluate the prototype. Their general thought about the 
concept was that it was creative and an exciting way of solving 
future problems for autonomous vehicles. They did come up 
with a few tips for further work. Often drivers think it is disturbing 
with thing interrupting the bed, but when testing the bed, they 
thought the seam between bed and seat did not bother them. 
They did come up with solutions to make it even better:

•	 The backrest could be separated from the seat cushion to 
be able to push the seat into the back rear wall.

•	 An elevation on the seat in sleep mode could make the seat 
flat. 

•	 Turn the seat, so the backrest is positioned towards the 
sidewall of the truck to get the seat cushion closer to the 
wall.

•	 All modes should be automated. 

When testing the resting position, Paulo Fragoso and Hadi Musa 
expressed satisfaction: 

“When sitting in the resting position, it 
feels like sitting in your favorite position 
in your living room”
Test person B

Figure 51. Prototype and test of sleeping position. Figure 52. Prototype and test of resting position.
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6. FINAL DESIGN
This chapter describes the final solution in more detail. The final design for this project is a seat with extended adjustment 
length, which is integrated into the bed. The result is described through visualizations and descriptions of each part that have 
been affected throughout the project. 

6.1 Final concept
The final concept is a seat with an extended adjustment area. 
The seat can be adapted for the three modes rest, work and 
drive. For achieving an extended seat adjustment, the seat is 
integrated into the bed in the most rear position. 

6.1.1 SEAT

The seat has a new design since it is integrated into the bed. 
The seat cushion is now more flat for a smoother transition be-
tween the bed and the seat. But it still provides the support the 
driver needs while driving. Also, the backrest has a new design 
since the feet of the driver is supposed to be placed on the seat 
cushion. The backrests new design is also smoother and flat, 
this because the backrest should not be in the way for the feet. 
To still give the drivers the support they need from the seat, the 
current foam will be replaced with memory foam. The memory 
foam will enclose the driver, make them feel safe.
 
The seat is equipped with extendable leg rest. The leg rest is for 
use when the driver is resting or whenever, not driving. When not 
in use, the leg rest can be folded down under against the seat 
suspension. This function of the seat is also for encouraging the 
driver to variate this seating position.  
 
As previously described, there is a big chance that air suspen-
sion in the seats will be replaced with an electric adjustment 
mechanism. Since the vehicles most likely will be electrified, it 
may be more effective to use the already electric solution. To 
develop this, it will take more time and was not in the scope of 
the project. Therefore, the current air suspension is used in the 
illustrations.
 
When the seat is in drive mode, the usage of the seat works 
the same as the current one. The resting position design to use 
when the truck is driving itself. I could be possible to integrate 
a spinning function in the seat, but we have chosen to not do it, 
due to the risk of misuse during autonomous driving. The drivers 
can also choose to sit more upright to be able to use, for exam-
ple, a tablet in the working mode.

6.1.2 BED

The bed has been affected in the solution since the solution for 
earning more space for the seating adjustment area, involved 
cutting the bed. The seat cushion replaces the last 50 cm of the 
bed when the seat is pushed to the most rear position. The seat 
cushion does not match the width of the bed. This is solved by 
tilting up the leg rest, which fills in the ‘hole’. A problem that will 
occur when dividing the bed like this is possible gaps between 

the seat and the bed. This problem can be solved with a thick-
er bed mattress placed over the bed while the installation is in 
sleeping mode.

6.1.3 ADJUSTMENT

The adjustment area resulted in an adjustment length at ... mm. 
This means that the driver in all length can stretch their legs 
while the truck is driving itself.

6.1.4  SEAT POSITION

A requirement for the seat was to be able to adapt to three differ-
ent modes, while truck is driving. These modes were drive, rest, 
and work. The final design of the seat and adjustment can adapt 
to these modes in three different ways. The driving mode is the 
same function as the current seat. The driver pushes the seat to 
the desired distance from the steering wheel. For resting mode, 
the seat is pushed backwards as far as wanted. The backrest 
can be tilted 40 degrees for the driver to lean back and relax. The 
driver can also use the leg rest for extra comfort.  When the seat 
is pushed back, the side wall gives the driver screening for a safe 
feeling and protect from sunlight. As Loftén (2019) described, 
placing the seat far away from the dashboard and steering wheel 
increases the safety for the driver. 
 
For work mode, the driver can adjust the seat as preferred, but 
a more straight position is to recommend. For work mode, an 
accessory in the form of a tabled holder is installed on the side 
wall. The new resting possibilities, also improves the possibility 
to rest while the truck is parked. 

6.1.5  STORAGE

The storage under the bed consists of two of the current storage 
boxes. The toolbox on the left side outside of the truck is taken 
away (for a left steered truck).

6.1.6  MEETING THE REQUIREMENT

Needs and requirements were set up in the conceive phase. The 
solution is compared to these in upcoming sections.  

Extended adjustment area
This requirement was the main one for the project. The solution 
gives the driver almost an extra meter of adjustment. The seat 
will probably have an electric adjustment since the adjustment is 
so long. This will make the controlling of the seat smoother, and 
it will not be affected by the movement of the truck.

Be able to rest and change seating position
This solution gives the drivers the possibility to rest in the seat 
while the truck is driving itself. This is possible since the driv-
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er is now able to push the seat further away from the steering 
wheel, and will, therefore, get more space to stretch out legs 
and lean back. The old seating solution could not lean back as 
much, neither push the seat away from the steering wheel. The 
new seating position allows also the driver more space for doing 
common spare time activities.

Provide a safe position for the driver
The new seating position in resting position, will, according to 
Loftén (2019) be safer since the driver will be placed further 
away. This due to that the deformation zone in a truck is much 
smaller than in a car. This is, of course, something that needs to 
be investigated more in the future.  By placing the driver straight 
forward, the driver is getting the highest level of safety that is 
possible with the demands of a current seat. This solution is 
designed to be able to keep a three point seatbelt. Although, 
the belt needs to be adapted for not reaching the airbags or the 
steering wheel in the situation of a crash.  

Changing position
The implementation of a new position, the resting position, will 
give the drivers more alternatives to change position. By plac-
ing the legs on the leg rest, will relieve the leg musculature for 
example.  
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Figure 52. Driving mode.
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Figure 53. Resting mode.
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Figure 54. Sleeping mode. 
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7. DISCUSSION 
In this chapter, the result will be discussed and related to the theory. We will also discuss the relevance of the project and how 
it contributes to future trucks, drivers, and sustainable development. Finally we give recommendations for further work. 

7.1 Positioning the result
The final result has been significantly affected by our industrial 
design engineering education, and those learning experiences 
have been useful throughout the whole project. Since the project 
involved the seating in a truck, the project was connected to 
the user; which is a main part of the human-centered industri-
al design engineering area. As IDSA (2019) explained, industrial 
design is about the appearance, function, manufacturing, and 
how it connects to the user. Through the project our engineer-
ing education has been valuable for planning, writing, discov-
ering, designing, problem-solving, and future-visioning as e.g. 
Luleå University of Technology (2013) and Nationalencyklopedin 
(2019) defines the area. During the project, design and engineer-
ing processes have been used and followed. Different methods 
have been used to collect data and information for the project 
which all of them can be connected to engineering. 
 
The uncertainty about autonomous vehicles has been a focus for 
this project. As Daziano, Sarrias, & Leard (2017) explained, there 
is a request from the market for autonomous vehicles, and the 
customers are willing to pay more for it. Therefore it will be nec-
essary for Scania and other manufacturers to keep up the work 
to not be left behind in the development. From reading literature 
and articles and creating our perception, and we conclude that 
it may take more time than expected just as Lindgren expressed 
in an interview. This may be good for Scania and other already 
existing vehicle manufacturers to get more time for development 
and transformation. We think it’s essential, to await the right time 
when the market is mature.
 
Since the result encourages the driver to stay in the cab for a 
long time due to the possibility to drive further without stopping 
for the pause that today is mandatory, we had to investigate 
the effects of sitting still. Swedish Work Environment Authority 
(2018) recommend 30 minutes of physical activity per day. They 
did also give truck drivers as an example of professions that 
already have a high risk of heart diseases due to long periods 
of sitting still. This is a problem that will be detected more along 
with the transformation for autonomous vehicles. Hägg, Ericson, 
and Odenrick (2010) pointed out the importance of being able to 
have a variation in the seating position, which we have tried to 
weave in the result by having the leg-rest and more adjustment 
are than today’s seats. By implementing an electric seat of this 
kind, it will be easier to change position. Also, when not driving it 
will be even easier to change seating position. With today’s reg-
ulation of mandatory seatbelt and sitting straight in the direction 
of travel, the challenge of sitting still will increase. But there is a 
possibility to change this. What if the autonomous trucks will be 
so safe so that the drivers can walk around inside the cab while 

the self-driving period? However, this is a different scenario, and 
have not taken into account in this project.
 
What we do know about the future and the implementation of 
autonomous vehicles is that it will change the situation for the 
drivers. Autonomous vehicles are all about an automated sys-
tem. As Danielsson (2012) described, there is a risk when re-
placing a human with a system that the human will get harder 
time trusting the system and also get unstimulated by not having 
control. 
 
In this project, we have understood that the driving profession 
contains many hours of working alone. When implementing au-
tomated vehicles in the truck industry, these hours can increase. 
Danielsson described the two-factor theory, which affects how 
people thrive at their work, and there is a risk more lonely work-
ing hour will affect that negatively.  Danielsson also described 
the importance to have the possibility to affect the work and feel 
achievement, presentation, and appreciation. From what we can 
guess, it will be difficult for the drives to feel appreciated when 
they are getting more and more replaced by a system.
 
Knowledge gained from this project is that the future autono-
mous vehicles still is a great uncertainty. What is known is that 
autonomous vehicles will be implemented, but when, is still a big 
question. From interviews, survey and also explained by Viscelli 
(2018), drivers have a great skepticism against the transforma-
tion, which is essential to have in mind.

7.2 Relevance
Here, the projects relevance for the user, the company Scania 
and the society is discussed.

7.2.1 USER

To design for the user is to have faith in the people who use the 
product every day (IDEO, 2015). This project is relevant to the 
user because we have put them in focus. The driver will get a 
new environment that is adapted for a new situation, which has 
been designed with a focus on the driver’s needs. The result 
gives the user not only a more pleasurable environment but also 
a safer and more ergonomic one. By implementing a seat that 
can adjust to more positions and modes, both the physical and 
the psychological ergonomics will be improved (Hägg, Ericson, 
& Odenrick, 2010). Improved work conditions also increase the 
productivity and performance (Hägg, Ericson, & Odenrick, 2010) 
which is of importance for both the driver, the employer, and the 
society as a whole. 
Another interesting aspect of how this work will affect the users 
is the possible change in who the user is. A cab with a more 
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attractive interior as well as a work that does not only include 
driving but also other tasks can potentially appeal to new types 
of users. Traditionally, it has been difficult and heavy to drive a 
truck, which has limited the group drivers to being mostly male 
(Fatollahzadeh, 2006; Viscelli, 2018). With more automated sys-
tems and with new mechanic systems, it is getting easier to 
drive a truck. It is positive due to better working conditions. The 
negative aspect of it is that the pride in being a driver that can 
control the truck disappears more and more. This provides a 
challenging design task, to design a new work environment that 
will appeal to both new and old users. Hopefully, also the ‘truck-
er’-personality will see positive things in this change.

7.2.2 SCANIA

The project is relevant for the company Scania, the initiator for 
the project, as an inspiration and a start of a new era in the truck 
industry. They can learn from our learnings, and look back at this 
project when they feel that it is time to develop a level 4 auton-
omous cab. It is also in relevance to have a cab that appeals to 
the users. Even if many parts of a truck has to work, the inside of 
the cab is where the user, the driver, spends the most time. It is 
also the place for most interaction with the cab. This means that 
it has to be appealing to customers.
 
Autonomous vehicles have the potential to contribute to ecolog-
ic and economic sustainability by decreasing fuel consumption, 
decreasing the total amount of vehicles, and creating more effi-
cient transports. This project will more specifically contribute to 
social sustainability by focusing on the driver and their needs in 
this development.

7.2.3 SOCIETY

The society will benefit from autonomous vehicles as a whole in 
many different ways, for example, efficiency, and sustainability 
in transports. This work will contribute to this with its focus on 
trucks and with its emphasis on the user.

7.3 Reflection
In this section, we reflect about the future challenge, the skepti-
cism from the drivers and safety aspects.

7.3.1 THE FUTURE CHALLENGE 

A big challenge in this project has been the future aspect, to 
understand when in the future level 4 autonomous trucks will be 
relevant. The literature study both made us more certain and not, 
due to the many different predictions. As Litman (2018) predicts, 
50% of all new vehicles will be autonomous by 2040. It might 
seem both near and far in the future. Viscelli, 2018) explains that 
testing of autonomous trucks is already ongoing by Waymo and 
others and that it will be established as reliable and safe in ten 
to fifteen years. Lindgren Walter emphasize the big uncertainty, 
both within Scania and externally. This uncertainty forced us to 
explore our vision of the future, which may have affected the 
project. The project has been focused on one typical scenario 
that has been developed by us with help from studies and facts.
 
The result of the project can be used in two different ways. To 
be able to reach fully automated vehicles, it may be required to 

take small steps. One way of doing that is to implement level 4 
autonomous vehicles before totally autonomous level 5 vehicles. 
The result of this project can then be used as a step of phasing 
out the drivers. Since the future scenario is still unknown, we do 
not know if this phase would last a few years or a more extended 
period.  Since the result involves a more significant change for 
the rear truck interior, it might not be worth implementing if the 
time period is too short. The other way this project can be used 
in is if there always will be some drivers left. It could be where 
there are challenging roads and weather. This is something that 
has to be investigated thoroughly.

7.3.2 THE SKEPTICISM

When doing interviews, survey, and observations a skepticism 
from the drivers was discovered. Many drivers fear the trans-
formation into autonomous vehicles since their jobs are threat-
ened to disappear. According to (Viscelli, 2018) this is a com-
mon thought from the drivers. A problem has hence developed 
through the project, to involve the users. (Viscelli, 2018) ex-
plained that the typical “trucker” would be a different character 
in the future. That means that the user will be a different person 
in the future from whom they are today. When talking to drivers, 
they express a large dissatisfaction of how the future seems to 
develop. Many drivers have chosen their job since they like the 
driving part. If they were not able to drive the truck, most of them 
would not want to stay in the trucker branch. This made it diffi-
cult to motivate drivers to be included in the project. Therefore, 
experts from Scania has been used in many of the evaluations. 
These people have many years of knowledge about the cab and 
the interior, and many of them have a truck license as part of 
their job. However, they do not live a life as a truck driver.
 
Even among some engineers we talked to, there was a skepti-
cism against autonomous vehicles. However, as the transporta-
tion industry has stayed more or less the same for the last 100 
years, this for sure is a significant change with a lot of uncertain-
ties. We think that this can be comparable to the shift during the 
industrialization, which many people disliked (Wiklund, 2016). 
The new machines and technology scared people. This anxiety 
is a risk when evolution occurs too fast, and it might be compa-
rable to the current shift with autonomous vehicles. Wiklund tells 
farmers had the same fear of losing their job during the industri-
alization, just as the drivers have now. Over the years, new pro-
fessions have incurred, and old ones have disappeared. When 
self-driving vehicles hit the road in a larger scale, we might be so 
used to both the thought and to highly automated systems in the 
car helping us drive already so we can feel trust in the system.

7.3.3 SAFETY ASPECTS

When benchmarking about autonomous vehicles, we found 
concepts from other companies where the passengers in au-
tonomous cars sit backward. Mercedes trucks have as shown a 
concept where the driver sits angled from the original seat posi-
tion (Mercedes-Benz, n.d.). This gave us the inspiration for how 
passengers and drivers can be placed in the truck in a future 
scenario. These competitor concepts was a part of the inspira-
tion for the ideation. Combined with our own ideas, we ended 
up in concepts sitting backward, sideways, and with the seat 
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tilted up. 

The safety in autonomous vehicles can be seen in two differ-
ent ways. Autonomous vehicles may be so safe that current 
legal demands will not apply in the future, or there will be the 
same rules then as it is today. Perhaps the safety aspect might 
have been discovered too late in the project. Since the project 
is about level 4, the truck will be driven by humans parts of the 
time, which will require the current legal demands. This ended 
up in concepts which were not possible due to the legal de-
mands. Sitting angled in a vehicle, showed to be very dangerous 
in the situation of a collision. Tilting the whole seat would cause 
even more significant risk. Sitting backward will cause motion 
sickness for some passengers. Although there are solutions for 
motion sickness, we chose not to go further with those ideas. 
This was also because of the aspect that the driver might want 
to look out the window, for pleasure and to feel safe. If looking 
backward, the drivers might not feel they have control over the 
situation. If we would have discovered these problems earlier, 
the result of the concepts may have been different.

7.4 Conclusions
This section describes our conclusions from the project. Find-
ings about the research questions and the result is presented 
below.

7.4.1 OBJECTIVES AND AIMS

The project objective was to give Scania better conditions for the 
design of future autonomous trucks and to improve and adapt 
the cab environment, with focus on the driver’s seat, for drivers 
in autonomous vehicles. It was expected to deliver a concept of 
how a driver’s seat might look in an autonomous truck. The con-
cept includes not only the seat but also the bed and the whole 
back interior.
 
The project aim was to deliver a concept on a seat that can 
adapt from driving mode to other identified tasks the driver can 
perform while not driving.

7.4.2 WHAT IS THE POSSIBLE FUTURE DRIVING SCENARIOS?

The amounts of possible scenarios for autonomous is big and 
broadly varied. This is partly because of the insecurity in the fu-
ture and partly because of the many different truck types and ar-
eas of trucking that exists today, that all have different challeng-
es. For this project, we chose to put the focus on long-haulage 
and on a scenario where the truck can drive itself for 1-3 hours, 
but that requires a driver sometimes. 

7.4.3 WHAT NEEDS WILL AFFECT THE DESIGN OF THE SEAT?

The chosen scenario creates new needs from the driver when 
the truck drives itself. This will probably include that the driver 
rests while the truck drives to save time and that the driver does 
other types of work while going in the cab. It is partly because 
of the cost associated with a driver sitting and doing nothing 
and partly due to efficiency – the driver can do office work and 
other stuff that he or she normally would do when parked, but 
now while the truck is driving. This together will affect the seat, 
which not only have to serve as a perfect driving seat. Now, it 

will also have to act as a comfortable seat to rest in, as well as 
an ergonomic seat to do office work-duties in. It puts a demand 
on a greater adjustment space to be able to stretch out the legs. 
The additional space also creates the opportunity to ‘switch en-
vironment’ for the driver. Due to the potential of a crash that will 
most truly still be a problem in the future, the seat and the seat 
belt still has to keep the driver safe and in a good position to be 
able to tackle a collision as good as possible. 

7.4.4 HOW WILL THIS AFFECT THE REST OF THE INTERIOR?

The new seat design includes a whole new design of the rear 
half in the cab. The main difference is the bed, which now is 
included in the seat. To have a bed at the lower level still, but 
to also have a big adjustment area for the seat. Storage is also 
maximized. The rear wall and side walls will have some minor 
adjustments to fit and create a comfortable environment. 
 
During discussions, it has come up thoughts about the passen-
ger seat. Since the solution gives the drivers new possibilities in 
the form of longer driving sessions, we have concluded that the 
passenger seat is unnecessary. This creates new space for the 
driver; which will make the cab feel bigger and livable.  
 
When removing the passenger seat, an idea of changing the 
main door came up. Today most drivers enter the cab by the 
door where the driver sits. Often the steering wheel is in the way, 
and it can be tricky to get in. If changing the main door to the 
passenger side with no seat, a hallway is created where new 
storage solutions are possible. This also increases safety since 
the driver does not need to go out of the truck on the side where 
the road is.

7.4 Recommendations
To ensure the result for the future development of the outcome, 
we have recommendations for further work.
 
Since the future still is undefined, Scania and other companies 
need to keep on investigating up on how the situation develops. 
In this case, we think it is important to have an open dialog with 
both competitors and regulation departments to be able to dis-
cover how the future develops. The technology develops very 
fast, and big changes can happen quickly. If Scania does not 
keep up on what is happening on the market, there is a risk they 
will fall behind.
 
If continuing with this project, more investigations of the cab 
will be needed. Is it best to keep the same cab structure, or 
will Scania need to develop a new cab for the future? Recently, 
the European Parliament voted for a suggestion of changing the 
cab design. The flat front will be replaced by a streamlined front 
for lower fuel consumption and will also place the driver further 
away from the front point of the truck (Edgren, 2019). A new cab 
structure may mean different possibilities for the result of this 
project. Since this project was done with the current cab as a 
reference, this needs to be investigated for further work.
When the result of this project approaching to become more rel-
evant, further investigations needs to be done towards the user. 
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A clear definition of who the users are is required. Since the user 
is the foundation of the project, it is crucial to define the new us-
ers and ensure the result is still relevant for them. Current needs 
and future forecasting have determined the future needs in the 
project. This might also need further investigation, later on, to 
ensure all needs are correct.
 
The whole project focuses on one specific scenario which has 
affected the result of the project. As Viscelli (2018) described 
there are many different possible scenarios of how the future will 
be and how autonomous vehicles will be used in the future. This 
project has been based on what experts think right now and also 
our own perception. If the scenario situation gets more obvious, 
this might affect the result of the project. Due to the time limit 
and the size of the result, it was challenging to prototype the 
solution in a lo-fi scale. If the work will continue, more prototyp-
ing needs to be done to be able to test with the user. 
 
The mission from Scania was to develop a new driver’s seat for 
autonomous trucks. Therefore, in the beginning, we have had a 
focus on only the seat. The reason why we have to redesign the 
bed was to be able to get more space for the seat. As seen in 
figure 1, the current seat and bed are very close to each other. 
Since the focus has been on the seat from the beginning, no 
benchmarking, etc have been done on bed solutions. For further 
work, we recommend to keep on looking for bed solutions.
 
In summary, we recommend looking through most of the project 
when this type of work is more relevant. This project can have 
been done a bit early. Although, for this transformation in the 
truck industry to happen, one needs to start somewhere.
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