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Sammanfattning
De senaste åren har olyckor mellan lastbilar och andra fordon reducerats medan olyckor mellan 
lastbilar och oskyddade trafikanter istället ökat. Anledningen till denna ökning är okänd, vilket är 
varför detta examensarbete initierats. 

Projektet är ett samarbete mellan två studenter från två olika universitet, LTU och KTH, för Volvo 
Lastvagnar i Göteborg. En användarstudie innehållande intervjuer och medåkningar har gjorts med 
lastbilsförare runt om i Göteborgsområdet hösten 2017. En internetundersökning skickades också 
ut till olika organisationer för cyklister, motorcyklister, bilförare samt till Facebook-grupper för 
de två universiteten. Kritiska situationer som uppgavs av lastbilsförarna valdes ut med hjälp av de 
övriga trafikanterna som svarade på undersökningen. Högersväng med lastbil som korsar cykelväg 
samt korsningar med övergångsställe blev de situationer som projektet fokuserade på, baserat på 
Volvo Lastvagnars säkerhetsrapport 2017 som angav de situationerna som de mest olycksdrabbade. 

Allvarliga olyckor som sker vid lastbils högersväng är då oskyddade trafikanter hamnar under last-
bilens bakhjul, vilka skär kurvan. Detta ledde till att projektet riktade in sig på att försöka hitta en 
lösning som kan minska den typen av olyckor. Projektet inriktades även på att öka kommunika-
tionen vid korsningar, baserat på undersökningskommentarerna där det framgick att ögonkontak-
ten är bristfällig, vilket ledde till att fokus lades på kommunikation mellan lastbil och medtrafikant 
istället. Genom benchmarking, litteraturstudier och idégenerering togs ett slutkoncept fram som 
vidareutvecklades efter en workshop. 

Slutliga konceptlösningen blev en svängprojektion för att visa farligt område vid sväng med lastbil 
samt ett ljus-matrix i lastbilens grill för att visuellt öka förståelsen av lastbilsförarens intentioner av 
att sakta in eller accelerera. Slutkonceptet innehåller också projektion av övergångsställe framför 
lastbilen för att underlätta kommunikationen i dagsläget och i framtiden även ersätta ögonkontakt 
och gester mellan förare och medtrafikant vid övergångsställen. Vidare utveckling av konceptlösnin-
gen innefattar val och anpassning av tillgänglig teknik samt undersökning av lagstiftning och regler 
kring användandet av färger på ljus och projektion i front och sidled. 

NYCKELORD: Lastbilsförare, medtrafikanter, kommunikation, visuell kommunikation, oskyddade 
trafikanter, avsikter, ljus-matrix, frontprojektion, svängprojektion

Abstract 
In recent years, accidents between trucks and other vehicles have decreased while accidents be-
tween trucks and vulnerable road-users have increased. The reason for this is unknown, which is 
why this Master’s Thesis project was initiated. 

The project is a co-operation between two students from two different universities, LTU and KTH, 
done for Volvo GTT in Gothenburg. A user study containing interviews and co-rides has been 
executed with truck drivers in the Gothenburg area during the autumn of 2017. A survey was also 
sent to different organizations for cyclists, motorcyclists, car drivers and to Facebook groups for the 
two universities. Critical situations mentioned by the truck drivers were chosen with the help of 
the survey answers from other road-users. Right hand turns with a truck that crosses a bike lane and 
intersections with a zebra crossing were the situations the project focused on, based on the Volvo 
Trucks Safety Report 2017 which stated those situations as the most dangerous.

Serious accidents occurring when a truck turns right is when vulnerable road-users end up under 
the truck’s back wheels, which cuts corners. This made the project focus on trying to find a solution 
that could reduce this type of accident. The project also concentrated on increasing the commu-
nication at intersections, based on the survey comments where it became clear that eye contact is 
insufficient, which led to focus on communication between trucks and fellow road-user instead. 
Through benchmarking, literature reviews and idea generation the final concept solution was cre-
ated and developed after a workshop. 

The final concept solution is a turning projection that visualizes the dangerous area when a truck 
is turning and a light matrix in the front grille for increasing the understanding, visually, of the 
truck driver’s intentions of slowing down or speeding up. The final concept solution contains a 
zebra crossing projection in the front of the truck to facilitate the communication today, and in the 
future to even replace eye contact and gestures done between truck driver and fellow road-users at 
crossings. Further development of the concept solution includes choices and adaption of available 
technology and research concerning legislation for color usage on lights and projections to the 
front and sides of the trucks.

KEYWORDS: Truck driver, fellow road-users, other road-users, communication, visual communi-
cation, vulnerable road-users, intentions, light matrix, front projection, turning projection



Content
1.INTRODUCTION      1

1.1 Background 1
1.2 Stakeholders 1
1.3 Objectives and aims 1

1.3.1 RESEARCH QUESTIONS 2
1.4 Project scope  2
1.5 Thesis outline 2

2.CONTEXT       3
2.1 Current state 3
2.2 Road users 4
2.3 Benchmarking 4

2.3.1 NEW COMMUNICATION WAYS 6
2.3.2 COMMUNICATION AIDS 7
2.3.3 SAFETY 8
2.3.4 AWARENESS CAMPAIGNS 8
2.3.5 CONNECTIVITY 8
2.3.6 TECHNICAL SOLUTIONS FOR DRIVER 9
2.3.7 HEAD-UP DISPLAY (HUD) 10
2.3.8 FUTURE 10
2.3.9 SMART HEADLIGHTS 10
2.3.10 INTERACTIVE SYSTEMS 11

3. THEORETICAL FRAMEWORK   13
3.1 Industrial design engineering 13
3.2 Design aspects  13
3.3 Ergonomics 14

3.3.1 COGNITIVE ERGONOMICS 14
3.4 Interaction design 15
3.5 User experience (UX) 15
3.6 Visual communication 16

3.6.1 SEMIOTICS 16
3.7 Autonomous vehicles 17
3.8 Technology trust 18
3.9 Accidents and driver distraction 18
3.10 Color 20

3.10.1 USAGE OF LIGHTS ON ROADS 21
3.11 Head-up display (HUD) 21
3.12 Interactive systems 22
3.13 Technical systems 22

3.13.1 DETECTION AND MAPPING SYSTEMS 22
3.13.2 SENSORS 23
3.13.3 SMART HEADLIGHTS 23

4. METHOD AND IMPLEMENTATION   25
4.1 Process 25
4.2 Project planning 26
4.3 Context immersion 27

4.3.1 LITERATURE REVIEW 27
4.3.2 OBSERVATION 27
4.3.3 INTERVIEWS 28
4.3.4 SURVEY 28
4.3.5 PERSONAS 29
4.3.6 AFFINITY DIAGRAM 29

4.4 Ideation 29
4.4.1 BRAINSTORMING 29
4.4.2 BRAINWRITING & BRAINDRAWING 30
4.4.3 BRAINDUMP 30
4.4.4 MINDMAP 30
4.4.5 RANDOM WORD GENERATOR 31
4.4.6 COMBINING & CLUSTERING IDEAS 32
4.4.7 PUGH MATRIX 32
4.4.8 SCENARIOS 32

4.5 Implementation 32
4.5.1 WORKSHOP 32
4.5.2 BENCHMARKING & LITERATURE REVIEW 33
4.5.3 EVALUATION 33

4.6 Method discussion 33
4.6.1 LITERATURE REVIEW 33
4.6.2 OBSERVATION 33
4.6.3 INTERVIEWS 33
4.6.4 SURVEY 34
4.6.5 PERSONAS 34
4.6.6 SCENARIOS 34

4.6.7 IDEA GENERATING METHODS 34
4.6.8 IDEA EVALUATION METHOD 35
4.6.9 WORKSHOP 35
4.6.10 BENCHMARKING & LITERATURE REVIEW 35
4.6.11 EVALUATION 35

5. RESULTS    37
5.1 Results of context immersion 37

5.1.1 USER STUDIES 37
5.1.2 SURVEY 41
5.1.3 BENCHMARKING & LITERATURE REVIEW 50
5.1.4 LIMITATIONS AND REQUIREMENTS 50

5.2 Results of ideation 50
5.3 Results of implementation 54
5.4 Final result 55

5.4.1 FRONT LIGHT MATRIX AND FRONT  55
           PROJECTION 
5.4.2 TURNING PROJECTION 56

6. DISCUSSION    65
6.1 Positioning the result 65
6.2 Relevance 69
6.3 Reflection 69

7. CONCLUSIONS   71
7.1 Project objectives and aims 71

7.1.1 RESEARCH QUESTION 1 71
7.1.2 RESEARCH QUESTION 2  72

7.2 Recommendations 72

8. REFERENCES    75

List of appendix
Appendix A: Gantt chart   1 p.

Appendix B: Interview questions   2 p.

Appendix C: Truck driver chart   1 p.

Appendix D: Survey questions   45 p. 

Appendix E: Pugh matrix   1 p.

Appendix F: Scenarios   4 p.

Appendix G: Critical situations with needs  1 p. 

Appendix H: Illustration sequence of front light  29 p.

      matrix and front projection  

Appendix I: Illustration sequence of turning projection 22 p. 

List of figures
Figure 1: Photo of instrument panel cluster on a Mazda car.      4

Figure 2: Photo of direction indicator symbols.        4

Figure 3: Photo of high beam symbols.        5

Figure 4: Cyclist giving the sign for turning.        5

Figure 5: Illustration of rotating beacon.        5

Figure 6: Mercedes-Benz Future Truck 2025 (Mercedes-Benz, n.d.a). Pictures available at:    7

  https://www.mercedes-benz.com/en/mercedes-benz/design/design-of-the-future-the-future-truck-2025/ (11-20-2017) 

Figure 7: Frontal collision with car. Picture from Volvo Trucks Safety Report 2017 (Kockum et al., 2017).   19

Figure 8: Intersection accident with car. Picture from Volvo Trucks Safety Report 2017 (Kockum et al., 2017).  19

Figure 9: Crossing accident with VRU. Picture from Volvo Trucks Safety Report 2017 (Kockum et al., 2017).  19

Figure 10: Turning accident with VRU. Picture from Volvo Trucks Safety Report 2017 (Kockum et al., 2017).  19

Figure 11: Illustration of the three main phases of the project.       25

Figure 12: Illustration of Iterative Design Process inspired by Laurel (2003).      26

Figure 13: Illustration of the tasks within each phase.       26

Figure 14: Picture of personas.         29

Figure 15: Mindmapping picture of Visual Communication as topic.     30

Figure 16: Mindmapping picture of Transmission Technology as topic.     31

Figure 17: Mindmapping picture of Smartphone as topic.      31

Figure 18: Chosen traffic situations.        39

Figure 19: Selection of quotes from truck drivers.       40

Figure 20: Information needs from other road-users to truck driver.     40

Figure 21: Information to other road-users from truck driver.      41

Figure 22: Roundabout, car.         42

Figure 23: Roundabout, motorcycle.        42

Figure 24: Traffic jam, motorcycle.        43

Figure 25: Traffic jam, car.         43

Figure 26: Truck coming down a hill, motorcycle.       44

Figure 27: Truck coming down a hill, car.        44

Figure 28: Turning truck, cyclist.         45

Figure 29: Turning truck, pedestrian.        45

Figure 30: Crossing truck’s path, cyclist.        46

Figure 31: Crossing truck’s path, pedestrian.        46

Figure 32: Encountering a truck, pedestrian.        47

Figure 33: Encountering a truck, cyclist.        47

Figure 34: Truck changing lanes.         48

Figure 35: Hidden truck.         48

Figure 36: Quotes on today’s difficulties according to other road-users.     49

Figure 37: Quotes on what other road-users would want.      49

Figure 38: Quotes about improvement suggestions from other road-users.     49

Figure 39: Picture of ideas from ideation.        50

Figure 40: Picture of first concept from workshop.       51

Figure 41: Picture of second concept from workshop.       52

Figure 42: Picture of third concept from workshop.       53

Figure 43: Picture of third concept from workshop.       53

Figure 44: Illustration of front light matrix and front projection.      56

Figure 45: Levels of turning projection when wheels are not turning.     57

Figure 46: Levels of turning projection when wheels are turning.      57

Figure 47: Visualization of HUD placement when wheels are not turning.     58

Figure 48: Visualization of HUD placement when wheels are turning.     58

Figure 49: Illustration of fast approaching object when wheels are not turning.    59

Figure 50: Illustration of slow approaching object when wheels are not turning.    60

Figure 51: Illustration of fast approaching object when wheels are turning.     61

Figure 52: Illustration of slow approaching object when wheels are turning.     62



1

1.  Introduction
Visual Communication between Truck Drivers and the Surroundings is a Master’s Thesis project 
in Industrial Design Engineering at Luleå University of Technology (LTU), carried out at Volvo 
Group Trucks Technology (Volvo GTT) in Gothenburg together with a student at the Royal In-
stitute of Technology (KTH) in Stockholm. The Master’s Thesis is performed during the autumn 
of 2017 and regards the visual communication between the truck drivers and the surroundings 
with limitation to two Volvo truck models only.  The aim of the project is to investigate how truck 
drivers communicate with other road-users in a limited number of traffic situations and how visual 
communication is used today, in the future and in different weather conditions. Today’s trends and 
technology is to be considered during the investigation. 

The project will be carried out with user studies, observations and interviews with truck drivers. 
Information from other road-users and experts in the trucking field will also be collected. Phases 
that the project will include are research of State-of-the-Art technology regarding visual commu-
nication, identification of user needs and development of concept. The concept(s) shall be verified 
either on the road or in a simulator.

1.1 BACKGROUND
On the world’s roads, 1.2 million people die each year, and in 50% of these fatal accidents it is a vul-
nerable road-user who dies (World Health Organization, 2015). Incidents and accidents involving 
heavy goods vehicles kill about one hundred persons in Sweden each year (Strandroth, 2009). When 
it comes to accidents with vulnerable road-users, such as pedestrians, cyclists and powered two 
wheelers, the outcome is often fatal for the unprotected one. The number of accidents with heavy 
goods vehicles (HGVs) causing severe injuries or fatalities to HGV occupants and car occupants 
have decreased in the past four years, while the number of accidents with vulnerable road-users 
have increased (Kockum, Örtlund, Ekfjorden, & Wells, 2017). The question is why the accidents 
occur and what can be done in order to decrease the number of incidents and accidents. 

The visibility in today’s trucks is limited and accidents occur because of the limitation of sight and 
communication. To be able to decrease the number of accidents due to the poor visual communica-
tion between the truck drivers and fellow road-users, the project has been initiated by Volvo Trucks 
in order to find a solution for this problem.

1.2 STAKEHOLDERS
The direct stakeholders of the project solution would be the truck drivers and fellow road-users 
when the communication between the two increases and improves. Truck manufacturers will also 
be affected due to the proposed increase of safety with the implementation of such a concept. The 
stakeholders are therefore truck drivers, other road-users who come in contact with trucks and 
the manufacturer of trucks. In the long run, manufacturers of cars and health care/hospitals and 
governments might be affected due to the increased communication, which leads to a decrease of 
incidents and accidents, less human injuries and a reduction in costs for material repair.

1.3 OBJECTIVES AND AIMS
The project aim is to investigate the visual communication between truck drivers and fellow 
road-users in order to understand what kind of information the drivers need for the communica-
tion in typical driving situations. With this understanding, the aim is to find a solution to improve 
the communication and to evaluate the solution with the end users.
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2.  Context
This chapter presents the pre-study of the current state and the benchmarking of other, already 
existing, solutions within the field. 

2.1 CURRENT STATE
According to Volvo Trucks Safety Report 2017, the number of accidents between trucks and other 
vehicles have decreased during the past years, but the number of accidents between trucks and vul-
nerable road-users (VRUs) have increased (Kockum, Örtlund, Ekfjorden, & Wells, 2017). About 85 
% of the accidents between trucks and cars and between trucks and VRUs occur during daytime 
and mainly during fair weather (Kockum et al., 2017). The situations where the most severe acci-
dents with vulnerable road-users occur, is when a pedestrian is crossing the truck’s path and when 
the truck turns right (Kockum et al., 2017).

Today’s trucks have limited sight due to the design layout of the trucks (Kockum et al., 2017), such 
as the high cab and the trailer that blocks the direct view backwards. There are many blind spots for 
the truck driver and other road-users are not always aware of these when encountering a truck. The 
standard equipment for visual communication on trucks today are headlights, direction indicators 
and mirrors.

According to the user studies made in this project, truck drivers are not always interested in helping 
with the development of visibility. The reason is that they are used to how they need to behave in a 
truck and they know where their blind spots are. The user studies also showed that the communi-
cation means between the truck driver and other road-users are via eye contact, direction indicators 
and gestures. The rearview mirrors are also frequently used. It was further shown that the drivers 
do not know what they need in order to improve the communication with other road-users. There 
are newer trucks, with newer and more advanced technology available on the market today. The 
trucking companies do not always buy all the extra equipment when buying a new truck for their 
drivers, which means that many truck drivers have not tried the aiding systems that are now avail-
able. This means that it is difficult for the truck drivers to answer the question of what they need 
when they do not know what the driver assistance systems can help them with. 

Many accidents occur today between HGVs and VRUs, such as pedestrians, cyclists and powered 
two wheelers like moped riders and motorcyclists (Strandroth, 2009). In urban areas, VRUs are 
often run over by the truck from either the side or the front of the truck (Strandroth, 2009). These 
accidents are often fatal for the unprotected one, which makes this topic necessary to find a solu-
tion. Smartphones are commonly used in traffic nowadays and are a distraction for the road-users, 
no matter if the user is on, in or outside a vehicle. The portable technology has become a safety 
hazard in traffic. 

The truck drivers that have been interviewed during the project’s user study cannot say what they 
need for a change, other than that the other road-users should pay more attention to the surround-
ing traffic. Nobody can blame the truck drivers for not knowing what they cannot imagine. It is 
like Steve Jobs said: “A lot of times, people don’t know what they want until you show it to them.” 
(Slater-Robins, 2015).

To reduce the amount of accidents between VRUs and trucks, and in order to find a solution for 
this problem, the project has been initiated. 

1.3.1 RESEARCH QUESTIONS
The research questions to be answered during the project are as follow:

•  Which situations are considered as critical, e.g. situations where accidents happen and require  
   more attention, and what are the communication needs in relation to those situations?

• How can visual communication aids be designed to support drivers’ communication needs?
 o What visual communication technology is available today, and how will future technology 
    affect visual communication?
 o What sort of information is suitable to be communicated visually?

1.4  PROJECT SCOPE 
The project is limited to only regard visual communication in the two Volvo truck models FH 
and FMX in certain identified traffic situations. The time limit for the project is set to 20 weeks, 
of which 16 weeks are on-site at Volvo GTT in Gothenburg. The project considers the current 
situation of a truck with a human driver as main focus, as well as a special emphasis on vulnerable 
road-users.

1.5 THESIS OUTLINE
This thesis report is divided into chapters as follow:

Chapter 1 regards the background of the project with stakeholders, research questions and project 
scope presented. 

Chapter 2 presents the current state and benchmarking of solutions, technology and ideas that are 
already on the market. 

Chapter 3 regards the theoretical framework with theory of design approaches, ergonomic aspects, 
technology and color that will support the final solution of the project.

Chapter 4 presents the project process and the methods and techniques used. The chapter also 
contains a discussion section regarding the process and the chosen methods. 

Chapter 5 contains the results of each phase of the project and a thorough presentation of the final 
result.

Chapter 6 is the discussion section where the project and the project result is discussed with sup-
port from benchmarking result and theory from the theory chapter.

Chapter 7 holds the conclusions of the project and recommendations of future work.

Chapter 8 lists the references used for the project and thereafter the appendices are found.
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2.2 ROAD USERS
As a pedestrian, you travel by foot, on roller skis, roller skates or kick-sledge (Swedish Transport 
Agency, 2016). You are also a pedestrian as long as you are pushing your vehicle, such as your bicy-
cle, moped or motorcycle (Swedish Transport Agency, 2016). If you are pushing a pram or wheel-
chair, or if you are in a wheelchair or driving one at walking speed, you are also considered as a 
pedestrian, according to the Swedish Transport Agency (2016). 

Vulnerable road-users are defined as non-motorised road-users, such as pedestrians and cyclists, 
but also motorcyclists and people with disabilities or reduced mobility and orientation (European 
Commission, 2018).

A driver is the person who is driving a vehicle, with or without a motor, but also the one who is 
guiding cattle or saddle animals on a road, such as riding a horse (Swedish Transport Agency, 2016).
  

2.3 BENCHMARKING
There are many different solutions on the market today that are used for communication, to aid the 
driver while driving, to interact with a user and make it easier for a driver on the road.

Today’s vehicles on the road are equipped with headlamps and direction indicators, which are used 
to communicate visually. Vehicles are also equipped with rearview mirrors for increased sight for 
the driver but can, to some extent, also be used for visual communication. A vehicle’s instrument 
panel is full of symbols for communicating information visually to the driver, as Figure 1 shows. 
High beam (Figure 2) flashes are often used to, according to SFS 1998:1276 (1998), divert danger 
or warn others and direction indicators (Figure 3) are used to show intended direction. A cyclist 
should also give a sign about their intended direction (Transportstyrelsen, n.d.), often by holding 
out an arm (Figure 4).  

Emergency vehicles are equipped with warning lights, such as a rotating beacon (Figure 5) or strobe 
lights. Other ways to visually communicate is, for example, a light tower, light flashes and Morse 
code with flashlights.

Figure 5: Illustration of rotating beacon.

Figure 2: Photo of direction indicator symbols.

Figure 1: Photo of instrument panel on a Mazda car.

Figure 2: Photo of high beam symbols.

Figure 4: Cyclist giving the sign for turning.
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2.3.1 NEW COMMUNICATION WAYS
Gorzelany (2016) writes about the future of driverless vehicles that need advanced car-to-car tech-
nology in order to communicate with others, and points out the lack this means to the commu-
nication with humans. According to Semcon (n.d.), eight out of ten pedestrians seek eye contact 
with the driver before crossing a road. They have developed a concept car called, The Smiling Car, 
that uses a smiling expression in the front grille to communicate with other road-users and let them 
know if it is safe to pass or not (Semcon, n.d.). The car will detect a pedestrian standing at a zebra 
crossing and give the pedestrian the smile in the front to indicate that the car will stop at a safe 
distance and let the pedestrian cross (Gorzelany, 2016). Mitsubishi’s new concept uses projections 
on the ground instead for showing intentions, such as projecting arrows behind the vehicle when 
about to reverse, and in that way reduce the amount of accidents during dark hours. They claim that 
of all pedestrian fatalities on roads, 60 percent of them occur during night. 

In the future, autonomous vehicles will be more common on the roads. RISE Interactive is work-
ing together with several companies to find and evaluate external interfaces with future automated 
vehicles (RISE Interactive, n.d.a). They have also worked with ideas of how to communicate be-
tween autonomous vehicles and pedestrians (RISE Interactive, n.d.b). Their early idea has been to 
combine visual signal with sound (RISE Interactive, n.d.b). The idea they present in the project 
is to use a light strip in the windshield to show the car’s intention (RISE Interactive, 2015). With 
the interface, RISE Interactive believe that eye contact and gestures can be replaced and add that 
humans have over time learned to look at the windshield, which is why their concept is placed in 
the upper edge of the windshield (RISE Interactive, 2016). 

Ford made a test where the driver had an upholstery suit to give the impression of no driver (Au-
tomotive World, 2017). A light bar was placed on the windshield of the test vehicle and cameras 
placed around the vehicle to capture other road-users behaviors (Automotive World, 2017). The 
light bar used different positioning of the light to show when the vehicle is about to yield, starting 
to accelerate and when the autonomous driving is active (Automotive World, 2017). 

MIT published an article about the communication with autonomous vehicles. Media Lab have 
developed a prototype of how the communication could be between the pedestrian and the driv-
erless car. With the help of lights that look like eyes and sonar sensors to detect the distance to a 
pedestrian, the eye looking lights of the car swirls to look at the pedestrian and flashes a blue light 
to indicate that the car has seen the pedestrian (Bullis, 2012). This solution would replace the eye 
contact of today. The system also uses directional speakers to let the pedestrian know that it is safe 
to cross the street (Bullis, 2012). LEDs in the wheels of the car change color depending on how 
close the pedestrian is to the side of the car, from green to orange to red. This color changing is 
supposed to warn the pedestrian and also inform that the car is aware of the pedestrian, according 
to Bullis (2012). 

Mercedes have come up with a truck concept that will be a reality on the roads in 2025. The con-
cept has replaced the exterior mirrors with cameras and the displays for these cameras are put on 
the inside of the A-pillars (Mercedes-Benz, n.d.a, n.d.b; Wysocky, 2014). The cameras replacing the 
external mirrors can cover the blind spot areas, which means that the visibility increases and the 
wind resistance decreases (Bosch, n.d.a). The interior of the Future Truck 2025 differs from today’s 
conventional truck when displays and controls on the dashboard are more or less completely re-
placed with touch screens (Mercedes-Benz, n.d.a). The exterior appearance is also different when 
the headlamps are traded for a front mask with LED lights (Figure 6). The mask pulsates and uses 
these LED’s to show the truck’s intentions and operating mode, blue light when driven autono-
mously and white light otherwise (Mercedes-Benz, n.d.a).

Figure 6: Mercedes-Benz Future Truck 2025 (Mercedes-Benz, n.d.a).

2.3.2 COMMUNICATION AIDS
Semcon have also developed another type of visual communication aid, called Life Sticker (Sem-
con, 2017). The sticker is supposed to warn the driver and, in that way, help avoid accidents when 
a driver opens the car door at the same time a cyclist is approaching from behind. The sticker rec-
ognizes approaching cyclists by detecting smartphones within 100 meters via Bluetooth and gives 
away a blinking light to warn the driver (Semcon, 2017; Orring, 2017). At the moment the smart-
phone needs to have a certain app installed in order to be detected by Life Sticker (Orring, 2017).

There are also LED warning signs that can be placed on vehicles as a warning to vulnerable 
road-users from coming too close to the vehicle. One of these LED signs from the United King-
dom flashes when the vehicle is turning left, which is the most dangerous turns for right hand 
driven vehicles (RE-Tech UK, n.d.). Various warning stickers can also be found via searches on the 
internet where the stickers urge other road-users to bear in mind that trucks have blind spots and 
that you should keep your distance. RE-Tech UK (n.d.) have types of stickers that call attention to 
the blind spots of a truck.
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2.3.3  SAFETY
Common accidents with large trucks are design factors such as the blind spots but also “side un-
derride”, which means that a person slides under the back wheels after a side impact (Vision Zero 
Network, n.d.). The side guards that prevent the underride accidents are required on European, Jap-
anese and South American trucks since the 1980s (Vision Zero Network, n.d.). They also recom-
mend cross-over and convex mirrors, cameras and devices that alerts the driver about non-visible 
people that are in the truck’s path. The standard equipment on trucks today are direction indicators 
and mirrors.

Smartphones have become a problem in traffic; pedestrians are not watching where they are walk-
ing, cyclists are listening to music via their headphones and car drivers are using their phones while 
driving. As a result, traffic signs have emerged in various places and in China and Belgium there 
are special walking lanes for people looking at their phones, while Hawaii even passed legislation 
against using the phone while crossing a road (Rosenström, 2015; Svensson, 2017; BBC News, 
2015; Benedictus, 2017; Reuters, 2017).

2.3.4 AWARENESS CAMPAIGNS
Volvo Trucks have raised campaigns all over the world for increasing the understanding of trucks 
and the importance of being seen since 2001 (Volvo Group, n.d.). Stop Look Wave was presented 
in 2015 by Volvo Group and is one of those campaigns made for helping children to be aware and 
learn about the visual limitations of a truck (Volvo Group, n.d.). The campaign encourages children 
to make contact with the truck drivers and to know which positions to be visible in for the driver 
(Volvo Group, n.d.). 

The “See and Be Seen” campaign is another global effort for traffic safety, where focus is on aware-
ness in traffic (Volvo Trucks, n.d.). The campaign concerns the interaction between truck drivers 
and cyclists and contains activities that improve the safety between the two road-users (Volvo 
Trucks, n.d.). 

The two campaigns of Stop Look Wave and See and Be Seen both contain education kits in a vari-
ety of languages that is free for everyone to use. The kits are designed to be easy to use for parents 
and teachers, but also for organizations and authorities (Volvo Trucks, n.d.; Volvo Group, n.d.).

2.3.5 CONNECTIVITY
I-See is a system that downloads data about the hills on the planned route and is developed in order 
to save fuel. The system makes the truck connected to the I-See Cloud and shares the information 
in the cloud with other users of the system (Volvo Lastvagnar, n.d.a).

Another solution to save fuel is the platooning system, which uses Wi-Fi to connect to other trucks. 
The platoon consists of at least two vehicles and they need to have autonomous driving assistance 
systems, such as cameras, sensors, radar and LiDAR (Geiss & Wollweber, n.d.). These assistance sys-
tems help the vehicles follow, with equal distance, the leading vehicle, which determines the speed 
and direction (Geiss & Wollweber, n.d.).  

Car2X communication is a term that describes the information exchange between road-users and 
is a real time traffic information system that began its field tests in 2013 in Vienna, Austria (Elflein, 
2014). Car stands for all motorized vehicles and X stands for other vehicles and traffic infrastruc-
ture (Elflein, 2014). The project of Car2X involves 14 project partners and includes a consortium 
of European automakers. According to the article, the cooperative system of Car2X will equip the 
entire corridor between Rotterdam and Vienna in 2015/2016. Elflein (2014) writes that the cars 
of tomorrow will transmit information about themselves, such as average speed and traffic situation 
data and adds that the communication system will be more precise if more vehicles, sensors, traffic 

lights and cameras are connected to the system. 

Mercedes’ Future Truck 2025 uses connectivity where the vehicles are connected to each other, 
so called vehicle-to-vehicle communication (V2V) (Mercedes-Benz, n.d.b). With this connection 
the autonomous vehicles communicate with each other so the traffic will have a continuous flow. 
Another system, vehicle-to-infrastructure (V2I) is also something that the future truck will use, 
together with satellite navigation (Mercedes-Benz, n.d.b). The truck will no longer only use their 
own sensors to collect information, it will use other vehicles and the surroundings in order to make 
decisions when autonomous (Mercedes-Benz, n.d.b). 

Bosch (n.d.b) claims that vehicles will be connected already in 2025. The cars will be connected to 
the cloud together with technology systems that is already available in vehicles today (Bosch, n.d.b). 
The connectivity will, according to Bosch (n.d.b), contribute to a reduced amount of accidents. 

2.3.6 TECHNICAL SOLUTIONS FOR DRIVER
There are many different technology systems to aid the driver, so-called Advanced Driver Assistance 
Systems (ADAS). Nvidia and Bosch offer a selection of ADAS that assists the driver while driving. 
The ADAS, suitable for lane changing assistance, blind spot monitoring and forward collision warn-
ing can detect objects, classify them and notify the driver (Nvidia, n.d.). The system can also slow 
down the vehicle or even stop it if necessary. Bosch also offer an assist system for lane changing 
(Bosch, n.d.c) and lane keeping (Bosch, n.d.d), but also lane departure warnings (Bosch, n.d.e). The 
ADAS that Nvidia (n.d.) offer can discern what type of object that is detected, if the object is an 
emergency vehicle or if the object is standing still or about to pull out (Nvidia, n.d.). Other driver 
assistance systems from Bosch can detect road signs (Bosch, n.d.f), predict when emergency brakes 
should be applied (Robert Bosch GmbH, n.d.), support the driver in construction zones (Bosch, 
n.d.g) and detect driver drowsiness and alert the driver (Bosch, n.d.h). The driving in stop-and-go 
traffic, common in traffic jams, can also be handled by ADAS (Bosch, n.d.i). These assistance systems 
are just a fraction of the different ADAS available on the market today. 

Volvo Trucks offer many ADAS for their trucks, such as lane keeping assist, lane changing assist, 
active cruise control and collision warning with emergency brakes (Volvo Lastvagnar, n.d.b). Stretch 
Brake is one of these systems that brakes the trailer in order to stretch the vehicle combination and 
thereby reduce the risk for the trailer to overrun the tractor (Volvo Lastvagnar, n.d.b). They also of-
fer an attention assist which monitors the driver’s driving behavior and gives a warning if it detects 
divergence (Volvo Lastvagnar, n.d.b).

Bosch have recently turned their attention to city driving where there are many unpredictable, 
vulnerable road-users, such as pedestrians and cyclists (Bosch, n.d.j). The new system uses cameras 
and radar sensors to detect road-users in complex traffic situations in city environments, warns the 
driver and intervenes if considered necessary (Bosch, n.d.j). The sensors detect and monitor speed, 
distance and travel direction in order to calculate the accident risk. The system automatically stops 
the vehicle to avoid or reduce the accident severity if imminent collision occurs (Bosch, n.d.j). 
According to Bosch (n.d.j), the automatic brake in these situations could reduce, or even eliminate, 
the severity of accidents between cars and cyclist by almost 50 percent. The main goal of their new 
system is to reduce the number of accidents that occur in the cities between vehicles and other 
road-users, mainly with the road-users that are difficult to detect in dense traffic, such as pedestrians 
and cyclists (Bosch, n.d.j). 

Samsung had a concept, called Safety Truck, of making it easier, and safer, to overtake trucks on 
single-lane roads (Samsung, 2015). The solution was to have a video wall on the back of the trailer, 
connected to a camera in the front of the truck, showing the road-users behind what’s going on 
ahead (Samsung, 2015). According to Samsung (2015), this concept would also work during night.
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2.3.7 HEAD-UP DISPLAY (HUD)
When the driver of a vehicle needs to read information from the instrument panel, the eyes leave 
the road and need to accommodate to the shorter distance before the flow of information can take 
place and the same happens when the eyes travels back to the road (Continental, n.d.).  Accord-
ing to Continental (n.d.) this accommodation takes at least 0.5 seconds if the instrument panel is 
conventional and if the vehicle travels at 120 kilometers per hour, the driver is driving blind for 
33 meters. With a head-up display (HUD), the information is presented in the line of sight for the 
driver, which means that the driver does not need to divert their gaze (Continental, n.d.).

In 2016, Visteon presented their new HUD which projects virtual images on the windshield in 
front of the driver (Visteon, 2016). The HUD presents information such as speed and warning mes-
sages and uses large mirrors technology for smooth human-machine interaction and a wide field 
of vision (Visteon, 2016). They also have a larger version of the HUD where the area of display is 
covering a larger area of the field of vision for the driver. This HUD supports object recognition 
and aids the driver with keeping track of the environment, similar to ADAS, and present the in-
formation via augmented reality (AR) to the driver (Visteon, n.d.; Buchholz, 2017). According to 
Visteon (n.d.) and Buchholz (2017), this HUD can help with the transition to autonomous vehicles 
and higher levels for autonomous driving.

Continental (n.d.) have also developed a HUD for commercial vehicles where the display is ei-
ther on the windshield or a combiner HUD, which means that the information is displayed on a 
transparent plane in front of the windshield (Gehm, 2017; Continental, n.d.). The display has two 
position options where the driver either looks up or down for the display, which is in the upper or 
lower field of view (Gehm, 2017; Continental, n.d.). Gehm (2017) writes that the HUD can also 
contribute to making the instrument panel smaller due to information that can be transferred from 
the panel to the HUD. The windshield concept is more suitable for flatter windshields while the 
combiner uses a transparent plane as a display in front of the windshield and can be used for vehicles 
with more curved windshields (Gehm, 2017). The HUD concept for commercial vehicles has been 
successfully tested in Continental’s own Innovation Truck (Continental, n.d.).

2.3.8 FUTURE 
In the future, The Magazine for Research and Innovation has predicted that more people will use 
public transportation and car pool, but still the amount of cars will increase (Frost, 2014). The future 
is also autonomous vehicles, where the vehicles drive themselves and the humans use mobility apps 
that arrange all the transport necessary to get from point A to point B (Martini, 2014a). This means 
that the humans can continue working during the travels and that the time between free time and 
work will be more fluent (Martini, 2014a). Vehicles in the future entertain the humans, who are 
only passengers (Martini, 2014b). All vehicles run quietly, using gas turbines to obtain their power 
and store the energy in rechargeable batteries (Martini, 2014b). In the scenario that Martini (2014b) 
illustrates, trucks run on hydrogen, ships are electric and cars, made of carbon fiber, can recharge 
their lithium-air batteries while parked due to induction loops under the asphalt.  

2.3.9 SMART HEADLIGHTS
There are smart headlights, so-called adaptive headlights, on the market today using technology 
where the headlights illuminate the road depending on the turning radius of the vehicle or LEDs 
that are controlled individually and can be turned off in order to reduce glare for oncoming traffic 
(Tamburo, Nurvitadhi, Chugh, Chen, Rowe, Kanade & Narasimhan, 2014). In order to improve 
visibility during night, vehicle’s headlights can now be programmable with new technology.  With 
the technology, it is possible to drive with high beams constantly activated without the risk of 
dazzling oncoming traffic (Audi, n.d.). The smart headlights use a few different technology twists 
to obtain the same goal. Most of the systems use camera detection to detect oncoming traffic, envi-
ronment and other road-users, and some complement the camera by using GPS in order to predict 

the road layout (Audi, 2013; Mercedes-Benz, n.d.c). Multibeam LED (Mercedes-Benz, n.d.c) uses 
a matrix LED control station together with a matrix of LED light modules. The modules have a 
chip that makes each LED controllable separately and uses reflectors to adjust the light onto the 
road (Mercedes-Benz, n.d.c). 

Tamburo et al. (2014) claim that these smart headlights mentioned above still have the issue of not 
being versatile. They write that the need of mechanical components reduces the reliability and 
limits the headlights from being adaptable to many different types of road and visibility conditions. 
Tamburo et al. (2014) present their own solution of a flexible, programmable automotive headlight 
that can execute several tasks at high speeds using a spatial light modulator (SLM) with high reso-
lution. The solution uses an image sensor, a processor unit, SLM and a beam splitter. It also uses a 
digital micro-mirror device (DMD) because of its small pixel size and high frequency that allows 
illumination control and high-speed modulation and therefore makes the headlight solution react 
quickly. The image sensor observes the environment and can be complemented with radar and Li-
DAR while the processor analyzes the data and controls the beam via the SLM, which modifies the 
beam by varying frequency and intensity in 2D.  According to Tamburo et al. (2014), the solution 
uses co-location for the camera sensor and the SLM, which is advantageous due to the calculation 
of distance to objects becoming unnecessary with it. 

Vehicles with headlights at high positions, such as trucks, are the worst offenders when it comes to 
glare, which causes stress and distraction for the drivers in the oncoming vehicles. The system that 
Tamburo et al. (2014) have developed has anti-glare function by reacting to bright detected objects 
where the oncoming traffic is excluded from the headlights without loosing much illumination. 
This technology makes it also possible to program it to only project light between snowflakes, in 
order to improve the illumination of the environment and road and dis-illuminate the snowflakes. 
At the moment, this solution that Tamburo et al. (2014) have developed with off-the-shelf compo-
nents is too large for being installed in vehicles as headlights, and in order to compress the design 
they need specialized embedded hardware.

2.3.10   INTERACTIVE SYSTEMS
GestureTek have developed a system that uses a projection, together with a tracking camera, to 
make interactive visualizations. The system responds to the body position with real-time motion 
control that uses gesture recognition and body tracking with monitors (GestureTek, n.d.). The 
interactive display system can be used for floors, tables, walls, and windows (GestureTek, n.d.). Sur-
faces can be dynamic interactive displays of multimedia and are used for campaigns, entertainments 
or advertisements in public spaces (GestureTek, n.d.). 

Vertigo uses software on a graphics computer system connected with non-contact multipoint sen-
sor technology (Vertigo systems, n.d.).  An infrared camera sensor and projector contributes to make 
any surface interactive (Vertigo systems, n.d.). 

Paradiso, Hsiao, Strickon, Lifton & Adler (2000) write about a variety of sensor systems used for 
interactive purposes. In the paper, the different systems are explored, evaluated and modified for op-
timization. One of the systems in the paper is the LaserWall, which uses a scanning laser rangefinder 
at the corner, a certain distance above the defined projection plane, for tracking hands (Paradiso et 
al., 2000). This rangefinder can scan the whole surface and multiple hands without correspondence 
problems due to it producing two coordinates at the same time. The system also includes a laser 
diode as light source, a video projector and a four-sided mirror, which scans the view of the laser 
and camera (Paradiso et al., 2000).
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3. Theoretical Framework
In order to create a solution that can stand up to the challenges and will work in the various sit-
uations the solution will encounter, it needs to be based on theory. In this section the supporting 
theory for the final concept solution is presented.

3.1 INDUSTRIAL DESIGN ENGINEERING
To find the needs of truck drivers and other road-users, and to be able to create a solution that 
matches the needs, and works with todays or future technology, Industrial Design Engineering is 
the tool to use. 

Industrial Design (ID) is the professional service which creates and develops products and systems 
that optimize function, value and appearance of a concept for the mutual benefit of user and manu-
facturer (Evans, n.d; Liu, n.d.). They claim that an industrial designer develops systems, products and 
concepts adopted for customers’ special requirements and with the help of collection and analysis 
of data, sketches, models and prototypes, the industrial designer shows their recommendations and 
solutions for the client or manufacturer. Industrial Design Engineering is to, through structured and 
creative processes, deal with complex problems and to frame those problems in a way to generate 
tangible solutions (Sleeswijk Visser, 2013). “Design is the human power of conceiving, planning, and 
making products that serve human beings in the accomplishment of their individual and collective 
purposes.” (Buchanan, 2001, p.9). He also claims that design is an art of universal disposition and 
invention, which can be applied to human-made product’s creation. Today’s focus is, according to 
Buchanan (2001), not on material systems, but on human systems and the integration of physical 
artifacts, information and interactions in different environments. 

The profession of Industrial Design sees a problem as an opportunity and works as a bridge be-
tween what is today and what is possible (World Design Organization, 2015). The organization 
claims that research, innovation and technology are linked together with customers and businesses, 
which creates advantages in the areas of finance, community and environment.

Industrial Design Engineering is relevant for this master’s thesis project to generate a user adapted 
concept solution that takes the technology of today and future trends into account.

3.2 DESIGN ASPECTS
Human-Centered Design (HCD) is ”An approach to systems design and development that aims 
to make interactive systems more usable by focusing on the use of the system and applying human 
factors/ergonomics and usability knowledge and techniques” (International Organization for Stan-
dardization [ISO], 2010). Arvola (2014) describes the HCD process as using different perspectives 
and competences to create a holistic understanding of the users, their needs and situations.

When designing for a user, you have to think about all the aspects contributing to the usage, not 
only the user. To put too much focus on the user can make one forget the other important aspects 
and result in a bad design where the product is complex, difficult to use and confusing (Norman 
D. A., 2005). HCD focuses on the user and often the user has a say in the design process. The user 
does not always know what they want, and to design for a user who does not know everything, 
in every aspect, can end up in an unusable design (Norman D. A., 2005). About the iMac, Steve 
Jobs once said that “A lot of times, people don’t know what they want until you show it to them” 
(Reinhardt, 1998).

Norman (2005) writes that Activity-Centered Design (ACD) is very much like HCD, with the 
difference of where the focus lies and foremost, the mindset of the designer. In ACD the focus is on 
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the activity and the activities are human activities, which depends on the constraints of the people. 
ACD shares the requirement of a deep understanding of people as HCD, but ACD includes the 
tools, the technology and the reasons for the activity into that deep understanding. Tools can be of 
different sorts, such as interviewing, rapid prototyping, case studies and mindsets (DesignKit, n.d.), 
as well as technological aids like personal computers and projectors (Gee, 2006). One of the major 
differences between HCD and ACD is their view of these tools. For HCD the tools should be in-
visible and not get in the way, but for ACD, the tools are the way.

3.3 ERGONOMICS
Visual ergonomics is, according to IEA (n.d.a), a multidisciplinary science concerning the inter-
action between systems and humans and how to understand the visual processes of the human. In 
visual ergonomics, lighting and work which are visually demanding, visual performance, function, 
comfort and safety are included (IEA, n.d.a). According to Long & Richter (2014), the aim of visual 
ergonomics is to achieve balance of a task between the visual demands and what someone can see. 
To obtain the balance one needs to have an understanding of the visual system of the human and 
analyze the task’s visual demands (Long & Richter, 2014). Visual ergonomics is used in the design 
phase to create safe products that are easy and comfortable to use. 

Human factors, also called ergonomics, regard the understanding of human-system interaction and 
how to create well-being in humans and well-performing systems (IEA, n.d.b).

3.3.1 COGNITIVE ERGONOMICS
Osvalder & Ulfvengren (2010) write that the cognitive process regards how humans perceive and 
process information from the surroundings and how that information is used for making decisions. 
They also write that a human can use different mental modalities to make a correct decision when 
the information quality is poor, but it is more energy demanding. Grouping, rules of thumb and 
pattern recognition are simplifications the brain uses for lowering the cognitive load (Osvalder & 
Ulfvengren, 2010).

The activity that distributes the mental processes in a situation is called attention, which is a limited 
resource (Osvalder & Ulfvengren, 2010). Human cognition is the ability to perceive and process 
the surrounding information and included in this is the understanding (Monö, 1997). Osvalder & 
Ulfvengren (2010) write that the understanding quality reduces if attention is spread out to many 
things in the surrounding environment. Individual interest, experiences and qualities of the stimuli 
can divert the attention to what is most important (Osvalder & Ulfvengren, 2010). 

Perception is what makes the human aware of, remember and understand the surroundings (Os-
valder & Ulfvengren, 2010). Danielsson (2012) writes that in order for this awareness to take place 
through information processing, attention is required. Attention makes the human aware of stimuli 
and the process of perception creates a meaning of the stimuli (Osvalder & Ulfvengren, 2010). 
How the stimulus is perceived depends on the context, both internal and external factors, but also 
personal factors such as experience (Osvalder & Ulfvengren, 2010).

What can be seen, heard and felt with a product, sends a message to the user for interpretation. 
Monö (1997) writes that these messages are intended to help the user understand what to do with 
the product, to understand its use. Usage of colors, placement and principles of perception, or gestalt 
laws, are tools used by designers to direct attention, according to Danielsson (2012).

3.4 INTERACTION DESIGN
The final concept solution is going to be interacting with road-users in traffic situations. Interaction 
design is therefore a relevant topic to consider when developing the solution. 

Interaction design is a design field which goes beyond the computer and user, to instead deal with 
peoples’ activities and experiences when using services and products in order to relate to each other 
and the world (Arvola, 2014; Buchanan, 2001). Interaction design concerns the interaction way a 
user uses a product or service and can be examined in the five dimensions of words, visual represen-
tation, physical objects or space, time and behavior (Interaction Design Foundation, n.d.a). The five 
dimensions give the interaction designers the possibility to consider the interaction in a holistic way 
between user and product. According to Interaction Design Foundation (n.d.a), words comprise 
text to help conveying information to a user and visual representation aids the user interaction with 
graphical elements. Physical objects or space regards the medium in which the interaction is carried 
out (Interaction Design Foundation, n.d.a). Media, like sounds, animations and videos, can change 
with time, and behavior concerns the previous dimensions, how they define the product interaction 
affordance and also the product’s reactions to user input (Interaction Design Foundation, n.d.a).

Interaction design regards the interaction between user and product and the goal is to design a 
product so the user can achieve their intention of using it (Siang, n.d.). Arvola (2014) writes that 
interaction design can be user experience (UX) when the interaction goes beyond user interface 
and human-computer interaction (HMI). The term, interaction design, involves many elements, 
such as motion, sound, aesthetics and space, and is also a part of user experience design, according 
to Siang (n.d.). 

3.5	 USER	EXPERIENCE	(UX)
When creating a new product, system or service that a user is intended to use or be in contact with, 
the user experience is important to take into consideration. In this thesis project the user experi-
ence is relevant due to the fact that other road-users will encounter the final concept solution and 
they will therefore have to know what the solution is intended for and how to relate to it.

User experience is everything that a user experiences when interacting with a product (NNgroup, 
2016). Norman (2013) writes that experience determines how people remember interactions and 
that the experience depends on a variety of things such as emotion, cognition and affordance of the 
product, but also signifiers, mapping, constraints and feedback given from the product matters. What 
matters the most, according to Norman (2013), is the conceptual model. 

The user experience (UX) design involves the interaction between user and product and regards 
user research, creation of user personas, performing user tests and tests of usability (Siang, n.d.). 
According to Interaction Design Foundation (n.d.b), UX is the creation process for products that 
will generate experiences that are personal and meaningful and Nielsen & Norman (n.d.) write 
that UX regards all the aspects of the end-users’ interaction. The goal of the design process is UX, 
according to Arvola (2014). 

According to Siang (n.d.), user research involves finding who the users are, and to create user per-
sonas is to find out when and how the users use the product. The main point, though, of UX is 
to design the experience a user has when using a product (Siang, n.d.). Pleasure and usability of a 
product are both included in the UX design process, together with the integration of the product 
regarding design, usability, branding and function (Interaction Design Foundation, n.d.b). The ex-
perience quality that users should have when using a product is, according to Arvola (2014), called 
UX attributes.

At the first encounter with a product, a momentary impression is created (Interaction Design 
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Foundation, n.d.b). Over time, this momentary impression is evolved and with the evolvement, the 
perception, cognition, action and motivation of the user is integrated in the formation of a coher-
ent, memorable story called user experience (Interaction Design Foundation, n.d.b). The process 
of when the impression is evolved raises emotional responses, which determine if the experience is 
considered positive or negative (Interaction Design Foundation, n.d.b).

Usability is a part of user experience, according to Interaction Design Foundation (n.d.c), and re-
gards how easy it is to access and use a product. The usability level of a certain product design is not 
just good or bad, but depends in what context the user intends to use it (Interaction Design Foun-
dation, n.d.c). The usability definition of interactive systems with human-centered design focus is, 
according to International Organization for Standardization (ISO, 2010), section 2.13: the “extent 
to which a system, product or service can be used by specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified context of use”. 

3.6 VISUAL COMMUNICATION
Communication is one of the most crucial factors for traffic to work smoothly, where visual com-
munication such as direction indicators, high beam flashes and emergency vehicle lights are the 
main ways to communicate visually today. 

Visual communication is, according to Merriam-Webster (n.d.), any signaling system where the 
signal is received by eyes. Visual communication is, together with verbal and non-verbal commu-
nication, one of the main communication types (Study.com, n.d.). With visual communication, 
information is transmitted by using imagery and symbols and the visual type is said, according to 
Study.com (n.d.), to be the one people rely on the most.  They also claim that the study of symbols 
and visual communication is called semiotics.

Via photos, diagrams, sketches, charts, animations and videos, visual communication helps people 
quickly find patterns and understand complex ideas by processing the visual information (Agrawala, 
Li, & Berthouzoz, 2011). Visual techniques can, with good design principles, either be used to em-
phasize or de-emphasize important information. Agrawala, Li & Berthouzoz (2011) use the subway 
map as an example for explaining that users do not always need to know all details. The true geo-
graphical path of the subway is not necessary to know for the passengers, only which stops that each 
line has and where transfers between the lines are (Agrawala, Li, & Berthouzoz, 2011). 

3.6.1 SEMIOTICS
Semiotics is the study of symbols and signs, the interpretation of them and their meaning and use 
(Hornby, 2005; Merriam-Webster, 2011). The systematic study of signs includes the non-verbal 
ones (Sonesson, n.d.). Sign is an ambiguous word that can have either a broader or narrower sense 
of semiotic entity. The broader sense unites a meaning with a sign vehicle while the narrower sense 
only consists of the sign vehicle (Nöth, 1990). He adds that words to distinguish between the sign 
vehicle and the sign itself are missing in everyday language. 

Monö (1997) writes that it is the observer of a phenomenon who creates its meaning and its name. 
When someone has made something for a certain purpose, it becomes a sign for others who do not 
know the intention behind the sign, but the others can perhaps understand what it is intended for 
(Monö, 1997). He also writes that the sign should be created, by the industrial designer, so that the 
sign is unambiguous and clear enough for the target user to understand the message, which traces 
back to the human cognition chapter in 3.3.1.

The mening of words and symbols is called semantics, which is a branch of semiotics where the 
significance of signs is studied (Lärarförbundet, 1996; Monö, 1997). A sign consists of both a signi-
fier and a signified, according to Saussure (Culler, 1986), such as an associated meaning and a form. 

Depending on the type of sign, the relationship between these two are different. Monö (1997) sum-
marizes the sign to be any phenomenon that has, in relation to the material form, an independent 
significance. There are three categories of signs, according to Saussure (Culler, 1986); icons, indexes 
and sign proper, also called symbols. The icon has a likeness between the signifier and the signified, 
an index is connected by cause to what it signifies and a symbol, sign proper, is something that has 
been determined by agreement between people. As Saussure (Culler, 1986, p.96) puts it: “the sign 
proper, however, the relation between signifier and signified is arbitrary and conventional”. An in-
dex can be used as a conventional sign as long as the causal or indexical relationship between the 
signifier and its signified is gererally recognized (Culler, 1986). Saussure takes smoke as an example 
for explaining how once the two become associated with each other can evoke meaning when 
there is no causal relation present. He writes: “once it is generally recognized that smoke means 
fire I can use smoke to signify fire.” (Culler, 1986, p. 98). If the smoke came from a smoke machine, 
the index would be used as conventional sign instead (Culler, 1986). This means that an index for 
smoke, that has been generally recognized, can mean fire as index and smoke machine as conven-
tional sign.

3.7 AUTONOMOUS VEHICLES
Autonomous vehicles are the future and the driver will still have a role to play, no matter the 
automation level (Noy, Shinar, & Horrey, 2018). According to Noy, Shinar & Horrey (2018), the 
reason for the evolvement of automated driving is due to the advanced technology of sensors, mi-
croprocessors and information systems. They mean that the advancements in technology make the 
development of autonomous vehicles possible.

There are six levels of driving automation, from level zero, where there is no automation, to level 
five, where it is fully automated (SAE International, 2016a). The levels are divided depending on 
their primary driving actor of human driver, driver automation system and other vehicle systems. 
The standard clarifies the human driver’s role, if there is a human driver, at different levels of auto-
mation (SAE International, 2016a). 

Level zero means that there is no automation at all; the vehicle requires full-time performance of 
the human driver (SAE International, 2016; U.S. Department of Transportation (DOT) & National 
Highway Traffic Safety Administration (NHTSA), 2017). Level one has driver assistance where an 
ADAS can assist in specific modes, for example steering or controlling the speed based on sur-
rounding information (SAE International, 2016; DOT & NHTSA, 2017), such as when using 
parking assistance. The driver is required for all other actions. This first level of automation is about 
to be tested in platooning systems for trucks, according to Borst (2017). The second level is partial 
autonomous where the steering and acceleration can be automated functions but the driver needs 
to be engaged and monitor the driving at all times (National Highway Traffic Safety Administra-
tion (NHTSA), n.d.). The third level of automation is conditional, where the driver is no longer 
required to monitor the environment but needs to be ready for taking control of the vehicle. The 
fourth level is high automation and means that the vehicle can perform the driving by itself under 
certain conditions, but there is the option for a driver to control the vehicle too (NHTSA, n.d.). 
The fifth and highest level of automation, according to NHTSA (n.d.), means full automation 
where the vehicle can manage all driving functions by itself at all times and the possibility for a 
driver to control the vehicle might exist. 

There have been questions about the second and third automation levels, as psychologists have 
found that the longer the driver is not in control of the vehicle after the vehicle has taken control 
of the driving, the longer it takes for the human driver to regain the control (Ashley, 2017). This will 
probably be solved further in the future because Institute of Electrical and Electronics Engineers 
(IEEE) write that in 2040, 75 percent of the vehicles on the roads will be autonomous cars (IEEE, 
2014). They also predict traffic signs, lights and even drivers licenses will be unnecessary when the 
autonomous cars enter the roads (IEEE, 2014). 
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3.8 TECHNOLOGY TRUST
When vehicles become autonomous, the social challenges arise. Even if the number of accidents 
will be reduced with autonomous vehicles, there will still be accidents and it is crucial to see how 
the community responds to these, on behalf of the adoption and development of this new tech-
nology (Li, Zhao, Cho, Ju, & Malle, 2016). They write that the discouraging factors of technology 
often outweigh the positive effects of adopting the new technology. In a study about responsibility 
and moral norms for self-driving cars, carried out by Li et al. (2016), the autonomous cars were as-
signed less responsibility in an accident than with a human driver. The manufacturer of the car and 
the government were blamed when a self-driving car was at fault. The study showed that the moral 
norms of autonomous cars were assigned to the manufacturer and ethics researchers (Li et al., 2016).

Recently, a fatal accident occurred with an autonomous vehicle in the United States. The accident 
happened during dark hours where a dismounted bicycle rider crossed the street about 90 meters 
from a zebra crossing and was hit by an autonomous car (Said, 2018). According to various news 
channels, there is an on-going investigation about who was at fault for the accident (Aghamn, 2018; 
Said, 2018; Wakabayashi, 2018). Depending on what will be found and determined from this acci-
dent, the trust in, and the future of autonomous vehicles, will most definitely be affected. 

In a survey, carried out by forskning.se in 2016, Swedish citizens were asked questions regarding the 
attitude towards digitalization (Barkeman, 2017). Less than 30 percent, of the 1600 citizens who an-
swered the survey, answered that they could consider using a self-driving vehicle if they were avail-
able on the market and regarding using robots within geriatric care, over 60 % of the answerers were 
against it (Barkeman, 2017). The survey also asked whether the usage of smartphones has positive 
influence on human relationships, on which only 15 percent fully agreed. According to the survey, 
the attitude of the Swedish people towards digitalization and self-driving vehicles is quite low and 
it is therefore important to let people get used to the new technology (Olsson, 2018). The autono-
mous vehicles will not be completely safe even if they will be safer than with a human driver and 
it is therefore essential to prepare people so as not to give them false expectations (Olsson, 2018). 

3.9 ACCIDENTS AND DRIVER DISTRACTION
According to Volvo Trucks Safety Report 2017, accidents are often caused by a combination of 
interacting factors, where human factors stands for 90 %, environment for 30 % and the vehicle for 
10 % (Kockum, Örtlund, Ekfjorden, & Wells, 2017). In order to find and categorize the driver-in-
duced causes of an accident, human error is a commonly used concept in scientific crash analysis, 
according to Noy, Shinar & Horrey (2018). Kockum et al. (2017) write that in 2014, 49 % of the 
accidents between HGVs and cars caused fatalities to the car occupants and 32 % of the accidents 
caused fatalities to the VRUs, of which 53 % involved pedestrians, 22 % were cyclists and 25 % were 
powered two wheelers. Kockum et al. (2017) add that VRUs are unpredictable because of their 
ability to move in ways difficult for vehicle handlers to cope with and that 17 % of the pedestrians 
use their smartphones when crossing a street, which make them distracted and pay less attention to 
the surrounding traffic. 

Accidents causing severe injuries or fatalities to car occupants are in 35 to 45 % frontal collision 
between trucks and cars (Figure 7) and in 15 to 25 % the accidents occur at intersections (Figure 
8), according to Kockum et al. (2017). The age of the passenger cars are, according to Strandroth 
(2009), of greater importance than the age of the heavy goods vehicles due to the newer models of 
passenger cars having more safety systems as standard equipment to avoid different kinds of acci-
dents. Of the accidents causing severe injuries or fatalities to VRUs, 30 % of them occur when the 
VRU, most commonly pedestrians, crosses the truck’s path (Figure 9) and in 20 % of the accidents, 
the truck makes a turn (Figure 10) (Kockum et al., 2017). This turn is to the right in right-hand 
traffic and often strikes a fast approaching cyclist or a stationary VRU at red lights. This type of ac-
cident is caused by limited visibility for the truck driver, poor communication between the truck 

driver and the VRUs and inattention or misjudgement from the VRU (Kockum et al., 2017). The 
accidents that Kockum et al. (2017) write about, occurs mainly during daytime and in good weath-
er conditions. 

Figure 7: Frontal collision with car. Picture from Volvo Trucks Safety Report 2017 (Kockum et al., 2017).

Figure 8: Intersection accident with car. Picture from Volvo Trucks Safety Report 2017 (Kockum et al., 2017).

Distracted driving is when the driver’s attention is elsewhere, rather than on driving (Vegega, Jones, 
& Monk, 2013). Electronic devices, such as cell phones and navigation systems, and conventional 
sources, such as eating or interacting with passengers, distracts the driver from the driving task and 
can be divided into three major types of  Visual, Manual and Cognitive distraction (Vegega, Jones, & 
Monk, 2013). Visual distraction is when the driver has to look away from the road in order to obtain 
the information visually (Vegega, Jones, & Monk, 2013). If the driver needs to move one or both 
hands from the steering wheel in order to use the device, it is considered to be a manual distraction 
(Vegega, Jones, & Monk, 2013). Tasks that involve the driver having to think of other things than 
driving is considered as cognitive distraction, according to Vegega, Jones & Monk (2013). The usage 
of smartphones while driving is considered as a distraction and is a growing problem, according to 
Kockum et al. (2017).

There are many driver assistance systems available today and according to Green (2008), it can be 
a burden to the driver when all assistance systems have an interface for the driver. The systems are 
intended to help the driver but, according to Green (2008), the systems have instead distracted the 
drivers. 

Figure 9: Crossing accident with VRU. Picture from 
Volvo Trucks Safety Report 2017 (Kockum et al., 2017).

Figure 10: Turning accident with VRU. Picture from 
Volvo Trucks Safety Report 2017 (Kockum et al., 2017).
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In 2013, about 3000 people were killed and more than 400 000 people were injured in accidents 
with distracted drivers (National Highway Traffic Safety Administration (NHTSA), 2015). Of the 
3000 killed by distracted drivers, NHTSA (2015) write that 480 of them were non-occupants, such 
as pedestrians and cyclists. NHTSA (2015) have developed four steps to eliminate crashes due to 
distraction. The steps include improving the understanding of the problem, to keep the drivers safe 
and reduce the workload for the drivers that come with the interfaces and to recognize the risks 
and consequences of behaviors in traffic (Vegega, Jones, & Monk, 2013).

3.10 COLOR
Color is used everywhere and is very important when designing things because color has different 
meanings and is perceived differently between individuals. Culture, age, physical qualities, sur-
roundings and light environment, everything affects how a color is perceived. This is why color is 
so important to take into consideration when designing or developing new products and system 
solutions.

Today, color is used when transmitting messages for fast and direct interpretation. According to 
Ryberg (1991a), messages using color codes for mass communication have been proved superior 
and he gives the example of four colors often used for the same meaning. Red, yellow, green and 
sometimes blue as well, are colors that are frequently used for conveying information in a simple 
way without words. Ryberg (1991a) writes that some colors have a commonly known meaning, 
such as the traffic signals of red, yellow and green. These colors are also used within shipping where 
a red flag is used for gunpowder cargo or explosion risk and for hospitals, red means dirty. In other 
areas, red is used for fire tools. According to Löfgren (2002), red is a striking color that is perceived 
as activating, dynamic and revolutionary. The color is also claimed to be radiating warmth, or heat, 
and is connected to love and war (Löfgren, 2002). Red color activates the defence mechanism of 
the human being, according to Ryberg (1991a). He also writes that red represents impulsiveness, 
instinct, courage and power, while infrared, on the other hand, is expressing regression, warmth and 
fertility. The color raises blood pressure, increases the breathing frequency, activates the visual cortex 
in the brain and raises the blood sugar level (Ryberg, 1991a). This response could be connected 
to red being the color of blood and that blood meant danger for our ancestors, which is why the 
fight-flight response takes place in our bodies (Ryberg, 1991b). Orange is similar to the red color, 
but less activating and radiates less heat, according to Löfgren (2002). Ryberg (1991b) writes that 
the orange color stands for emotion, generosity, friendship and sensuality. 

Historically, yellow has been the color for deceptiveness and infection in Europe but also a color 
for honoring the deceased in some countries (Ryberg, 1991a). Yellow is a happy, warm and beam-
ing color that is connected to the sun as well as danger, according to Löfgren (2002). Curiosity, 
precision, logic, intelligence, communication and quickness are connected to the yellow color, ac-
cording to Ryberg (1991a).  A yellow flag within shipping means infection or need of quarantine 
and hospitals have the same meaning for the color. Ryberg (1991a) also writes that the fastest and 
easiest interpretation of color combination is black text on yellow background, which is used for 
short and important messages. This combination is used for information signs where there is a risk 
for personal injuries. 

Blue is the opposite of red regarding the physiological reactions, according to Ryberg (1991a). He 
writes that the parasympathetic nervous system is activated by blue lighting and lowers blood pres-
sure and adrenaline production, which is calming. Löfgren (2002) agrees that blue is calming and 
adds that the color is connected to the sky and melancholy but also perceived as concentrated and 
cold. Ryberg (1991b) writes that the blue color represents authority, truth, intuition, calmness, con-
centration and tradition, while the darker blue color, indigo, is the color for individuality, control, 
wisdom, vision and purpose. He also writes that cyan, or turquoise, stands for soberness, sharpness, 
distance and reservation (Ryberg, 1991b). 

Green is a passive color that is perceived as calming and non-pushy, but also reenacting, according 
to Löfgren (2002). Artisticness, hope, affection, sensitivity and love are the qualities that the green 
color represents, according to Ryberg (1991a). The lighter version of green, called Lime, stands for 
cheerfulness, comedy, imprudence, frenzy and freedom (Ryberg, 1991a). Green is, for example, used 
by traffic signals and pedestrian crossings for saying that it is allowed to go. Within shipping, Ryberg 
(1991a) writes that a green flag means clear to go and adds that the green color seems to be linked 
to rescue and is often used to mediate safety. In the United States, the signal at pedestrian crossings 
saying it is okay to walk is white, while the signal for the opposite, to not cross the road, is “Portland 
orange” (Levinson, 2015; United States Department of Transportation - Federal Highway Adminis-
tration, 2009; ITE LED Committee of the Traffic Engineering Council, 2010).

3.10.1   USAGE OF LIGHTS ON ROADS
Because the final concept solution is supposed to be used in various traffic situations, it is important 
to understand what color regulations there are today, even if the regulations of today may not be 
covering the latest technology that will enter the roads in the future. 

According to the Swedish Transport Agency (2015), only white or yellow lights are allowed to be 
used in the front of a vehicle and only red lights in the back. The only time white lights are allowed 
in the back of the vehicle is when the vehicle is reversing or when work requires such lighting 
(Transportstyrelsen, 2015). The State of Connecticut write that after market lighting shown from 
the front of vehicles should also be white or yellow.  They add that amber lights are allowed to be 
visible from the front too, such as direction indicator lights. From the rear, only red or amber should 
be visible (State of Connecticut, 2017).

3.11	 HEAD-UP	DISPLAY	(HUD)
A vehicle Head-Up Display system consists of a device for image projection in the vehicle and has 
a “biaxial microelectromechanical scanner” (Lindahl et al., 2017, p.1) and a light source for emitting 
light. This light should be projected by the scanner towards a viewable area for the driver on the 
vehicle’s windshield (Lindahl, et al., 2017). The system is usable for this project’s concept solution 
for increasing the driver’s situational awareness and to be more alert in different driving situations. 

According to Jakus, Dicke & Sodnik (2015) the head-up displays are today’s solution to reduce the 
errors of the driver originating from distracting displays and interfaces inside the vehicle. To switch 
between two information sources such as between traffic and a HUD, pose a cognitive problem, 
especially when in situations with high workload (Jakus, Dicke, & Sodnik, 2015). They conducted 
a study where they tested and compared three display techniques, so-called in-vehicle information 
systems, for primary and secondary task performance during driving. The displays tested were a 
visual display, an auditory display and a multi-modal auditory and visual display. The result of their 
study was that visual and audio-visual HUDs were most efficient for secondary task performance 
compared to the audio-only display, but the impact on performance of primary driving tasks was 
similar for all display types (Jakus, Dicke, & Sodnik, 2015). Their study showed that the audio-visual 
display was preferred in highly dynamic driving situations where the test participants could focus 
on the audio when their visual attention was required by the traffic, and when the traffic allowed, 
they could use the visual information displayed on the windshield.

Liu and Wen (2004) performed a study where they compared the effects of head-up displays (HUD) 
to head-down displays (HDD) on truck drivers. They let their test participants perform the tasks 
of goods delivery, navigation, speed detection and maintenance and response to an urgent event. 
Their results were that the two display types had no significant performance difference for deliv-
ering goods, but the response time to an urgent event was faster with HUD and the speed control 
was more even with the HUD. The usage of HUD was also more comfortable and easy to use, 
triggering less mental stress than the HDD, according to Liu & Wen (2004). The conclusion of the 
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study was that drivers using HUD are more careful and alert (Liu & Wen, 2004). In another study 
performed by Liu (2003), where he investigated the driving performance difference for a driver 
paying attention to a HUD, the conclusion was that the usage of HUD can allow the driver to be 
more aware of the road environment and therefore respond quicker to unforeseen events. 

3.12 INTERACTIVE SYSTEMS
The final concept solution is supposed to be interactive, where the outer road-user triggers the sys-
tem which notifies the driver and in some situations give feedback to the road-user. An interactive 
system is, according to Encyclopedia.com (Computer Sciences, 2002), a computer system where 
interaction takes place between human and computer. They give the examples of interactive sys-
tems to be operating systems of computers, computer games, web browsers and tools such as CAD 
(Computer Aided Design) and CAM (Computer Aided Manufacture). 

Interactive systems have been available for more than 20 years, which can be seen in the article by 
Paradiso, Hsiao, Strickon, Lifton & Adler (2000). The devices are still usually quite small and discrete, 
embedded in tables or walls, according to Paradiso et al. (2000). The commercial products devel-
oped for tracking position over large and responsive surfaces have aimed for digitalizing writing 
or drawings made by hand, which often have required contact with, or pressure on, the sensitive 
surface system (Paradiso et al., 2000). The paper that Paradiso et al. (2000) published regards four 
different interactive systems developed by the MIT Media Laboratory’s Responsive Environments 
Group; an interactive wall, a smart window, a pressure sensitive carpet and a tracking tag reader. 
Solutions such as the LaserWall, mentioned in section 2.3.10, and other smart walls often use optical 
or acoustic devices for detecting objects in a scanned plane, together with computer vision, where 
multiple cameras are used for triangulating the interactive plane (Paradiso, Hsiao, Strickon, Lifton, 
& Adler, 2000). As benchmarking showed in section 2.3.10, these systems are often combined with 
a video projector system for the user to interact with.

3.13 TECHNICAL SYSTEMS
There are many different technical systems available today for detecting other objects and vehicles. 
Often, these technologies work together to create a system that detects, processes and informs the 
driver about the detected object. Technologies that can detect and inform the driver about the 
surrounding road-users are something that is highly relevant for the visual communication and 
important for the final concept solution of the project to work. This section presents a few technol-
ogies that could be used for the final concept. 

3.13.1   DETECTION AND MAPPING SYSTEMS
Most people can probably connect the word radar to the black device with green circles seen in 
movies with submarines and big ships, which use Radar for detecting objects, and police officers 
for measuring speed of vehicles. Radar (Radio Detecting and Ranging) uses electromagnetic waves 
that are sent out in short pulses and reflected by objects, back to the radar, which can determine the 
location and amount of precipitation (The Bureau of Meteorology, n.d.). Radar works like an echo, 
where the echo from the electromagnetic waves depend on what the waves have bounced off.  Ac-
cording to Stevenson (2016), Radar sensors determine the surroundings by using radio waves and 
can be used to monitor traffic. LiDAR is another solution and uses laser light pulses to measure the 
time from sending the light pulse to when it has bounced back (Bluesky, n.d.). By using the light’s 
constant speed, the system can calculate the distance to a certain object (Bluesky, n.d.). The system 
repeats this in rapid succession, which makes the calculations very accurate and a map can be built 
up from the measurements, according to Bluesky (n.d.).

3.13.2   SENSORS
Ultrasonic sensors use sound waves to measure distance to objects. The device sends out sound at a 
certain frequency and then records the time for the sound to bounce back to the sensor (Stevenson, 
2016). The ultrasonic sensor measures the distance to an object based on the time of flight, like an 
echo, but does not regard the intensity of the sound bouncing back (microsonic, n.d.). Electromag-
netic sensors are, together with ultrasonic sensors, one of the two sensors most often used in ap-
plications for parking and burglar alarms (Stevenson, 2016). The sensors create an electromagnetic 
field and give an alert whenever something enters it (Stevenson, 2016).

3.13.3   SMART HEADLIGHTS
Intelligent headlights are presented as making it possible to constantly drive with high beams and 
not having to switch to low beams when meeting oncoming traffic or catching up with a vehicle. 

According to Tamburo et al. (2014), the headlights of an automobile are supposed to improve safety 
during poor lighting and weather conditions. Today, there are inventions of Halogen and Xenon 
lamps, LED and Laser sources that are energy efficient, electrically controlled and have a long op-
erational life, but still only offer the switch between high and low beams (Tamburo et al., 2014). 
The difference between high and low beams is that low beams illuminate the road in front of the 
vehicle short range while high beams have longer range and a wider illumination angle (Tamburo 
et al., 2014). The problem with high beams, according to Tamburo et al. (2014), is that they reduce 
contrast in foggy weather and cause glare to other road-users. Even though headlight development 
has existed for over 130 years, more than 50 % of the accidents and fatalities with vehicles occur 
during night (Tamburo et al., 2014). They write that snow and rain at night causes each year over 
300 000 accidents and thousands of fatalities and that one of the reasons for these accidents is that 
around 30 % of the drivers become stressed by the glare. The conclusion that Tamburo et al. (2014) 
have made is that the headlights should, in order to increase road safety, be able to adapt to the en-
vironment even when the visibility conditions are poor.
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4.  Method and Implementation
In order to execute the project in a controlled way, methods for planning and performing the dif-
ferent project phases have been used. This section presents and describes the process of the project 
and the chosen methods, followed by a discussion section. 

4.1 PROCESS
The project started with collecting information to get an overall view of the area of trucks, acci-
dents, behaviors and difficulties. This information collection included benchmarking of what has 
already been done in the field, the newest information and technology in the area and where the 
focus is today. Based on what is found, or not found, the research would help us determine where 
our focus should be in the project. The information was received from literature, reports and statis-
tics retrieved from the Internet, organizations and Volvo GTT. 

The project process was decided to follow a development process similar to the one described by 
Karlsson, Osvalder, Rose, Eklund & Odenrick (2010), where the process is iterative and involves the 
end users. The process would contain a context phase where research for background information 
is included with the user studies, an ideation phase where ideas and concepts are generated and an 
implementation phase where the final concept solution is finalized and evaluated, which can be 
seen in Figure 11. 

The project was chosen to follow a stage-gate model (Johannesson, Persson, & Pettersson, 2013) 
due to the model being used in previous projects and we felt familiar with it. The process was 
visualized in the form of a Gantt chart (Johannesson, Persson, & Pettersson, 2013), where all tasks 
were divided into three main categories of feasibility study, context immersion, ideation and imple-
mentation, as can be seen in Appendix A. Between these phases, called stages, were gates where we 
decided if we needed to extend the current stage, by adding or redoing something from the phase, 
or if we could continue to the next phase. Laurel (2003) writes that the methodology of iterative 
design is a cyclic process containing the repeated steps of test, analyze and refine the design, as 
Figure 12 illustrates, where the designer blends with the user for creating new solutions. By having 
the gates, we could apply an iterative process between the stages if we felt it was needed. An extra 

Figure 11: Illustration of the three main phases of the project.
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session of benchmarking and literature search was often added between the stages together with the 
review of the previous phase in order to reduce the risk of missing something.

4.2 PROJECT PLANNING
Before a project starts, the project group should find answers to a few questions regarding how the 
project should be documented, what the pre-study should contain, how much time there is for the 
project and what decision model should be used (Johannesson, Persson, & Pettersson, 2013). The 
time plan for the project was presented as a time line in a Gantt chart and was complemented by a 
project plan, which Johannesson, Persson & Pettersson (2013) calls a Project program. The time plan 
is rarely kept, according to Johannesson, Persson & Pettersson (2013), but is important to do because 
it makes it possible to adjust activities in order to keep the overall time plan and deadline. Karls-
son et al. (2010) agree and write that depending on the work process, the project plan is changed 
throughout the development process.

The Gantt chart (Appendix A) included the fixed dates of mid- and final presentation for LTU and 
final presentation for  Volvo and other deadlines, such as project plan turn-in and mid report turn-
in. For the stage-gate model, the four stages of feasibility study, context immersion, ideation and 
implementation were chosen and divided into smaller phases with tasks connected to the certain 
stage, as can be seen in Figure 13. Between the stages were gates which would be used as a decision 
point for evaluating and deciding whether the goal of the phase has been reached or not. The deci-
sion would be made by the thesis workers together with the supervisors at Volvo GTT. 

The feasibility study was planned to contain a literature review and benchmarking phase where 
the background information for the project would be collected. The context immersion phase was 
planned to contain the preparation for user studies, how to perform them and which methods to 
be used. The phase contained the user studies themselves, analysis of them and the limitations or 
requirements based on the user studies. At the gate it became clear that a survey should be created, 
which lead to a second analysis of the previous user studies.

Figure 12: Illustration of Iterative Design Process inspired by Laurel (2003).

Figure 13: Illustration of the tasks within each phase.

The ideation phase was planned to contain concept generation and concept evaluation. The meth-
ods to be used during the phase were chosen and new methods, or other versions of the methods, 
were used when in the ideation phase. As a final step of the ideation phase a workshop was planned 
to be held with the Volvo Team. 

The implementation phase was planned to contain further development of concept, a workshop 
with experts from Volvo, mock-up or prototype building, user tests and final verification.

4.3 CONTEXT IMMERSION
To obtain an understanding for the current state of the communication between the truck drivers 
and fellow road-users, the context immersion phase was initiated by searching for companies with 
truck drivers that could be used for the user studies. The search contained 34 companies contacted, 
of which four companies agreed to co-rides, where we could join their truck drivers in the cab 
while driving for observing and interviewing the driver. In total, eight co-rides, containing obser-
vation and semi-structured interviews with truck drivers were held. The co-rides were carried out 
at different trucking companies around the Gothenburg area with different work tasks to receive 
the various situations where the truck drivers can end up. The interview questions were pre-written 
but were asked differently depending on the driver and the situation of the co-ride (Appendix B). 
I co-rode with a truck equipped with a hook lift for handling recycling containers, a distribution 
truck in industry area, 1-compartment recycling truck and a truck at a construction site suburb. My 
thesis colleague co-rode with a distribution truck, truck equipped with a hook lift, a crane truck 
handling containers and a truck at a construction site for transporting material (Appendix C).

The information collected from the co-rides was discussed and summarized based on a number of 
different categories. The needs that could be read from the interviews were written on post-its and 
matched with the critical situations mentioned by the truck drivers. The categories were as follows: 
For the truck driver, For other road-users to know about truck, Construction site, Blind spots, In 
a traffic jam situation, Truck changing to the right lane and Complicated intersection with zebra 
crossing and different kinds of other road-users. The situations were also compared with the critical 
situations from the Volvo Trucks Safety Report 2017 (Kockum, Örtlund, Ekfjorden, & Wells, 2017). 
The post-it notes with the needs were sorted according to the different categories and from that 
structure, the needs could be written down. These needs were then divided into two groups: From 
the truck driver to other road-users and From other road-users to the truck driver. The material 
from the co-rides could later be used in a survey in order to find requirements for a solution.

4.3.1 LITERATURE REVIEW
A literature review is a method used for gathering information for a study, where relevant liter-
ature is collected through articles, books and publications in the chosen area (Osvalder, Rose, & 
Karlsson, 2010). A literature review was made in order to find knowledge of the area of truck driv-
ers, technologies and studies already made in the field and to see what has not been investigated 
enough. The literature was collected from Google Scholar and databases provided by LTU, such as 
EBSCOhost Web, SAGE Journals and SAE Digital Library. Keywords for the literature review were 
Truck driver, Truck drivers,  Visual communication, Car,  Truck, Drivers and a combination of  Vehi-
cle,  Technology and  Visual communication. Benchmarking (Wikberg Nilsson, Ericson, & Törlind, 
2015) from various internet sources was also a way to find relevant information for the project.

4.3.2 OBSERVATION
According to Osvalder, Rose, & Karlsson (2010), an observation is used in order to obtain an un-
derstanding of how users behave in specific situations and Preece, Rogers & Sharp (2015) write that 
the method is often used for evaluating users in order to identify the opportunities, requirements 
and needs for new technology or design. To collect information about the present behavior of the 
truck drivers and other road-users, the method of observation was chosen and trucking companies 
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were contacted via phone calls and email. The observations were carried out in the form of co-rides 
where we sat with the truck drivers in the cab and went with them during two to five hours of their 
regular work day, observing how their work is and how they communicate with other road-users. 
The truck drivers were from different trucking companies in the Gothenburg area and had different 
work tasks and schedules. 

An observation, in the form of a field study, was carried out on a Friday afternoon, around rush 
hour between 16:00 and 17:00, at “Korsvägen” in Gothenburg, an intersection without traffic 
lights. The traffic was heavy and the observation goal was to see the interaction between the differ-
ent road-users. At the intersection there are only yield signs and the traffic consists of trams, busses, 
cars, pedestrians, cyclists and sometimes trucks of different sizes. During the observation, pictures 
and notes were taken, as Preece, Rogers & Sharp (2015) claim to be the most frequently used way 
for collecting data form observations of target users. The range of the studies can be everything 
from a few minutes to years, according to Preece, Rogers & Sharp (2015).

4.3.3 INTERVIEWS
The method of interviews was chosen in order to receive input from the ones who daily drive 
trucks in traffic areas where they encounter other road-users. The idea of the interviews was to have 
the truck drivers’ input as a starting-point for the thesis project.

An interview is, according to Osvalder, Rose & Karlsson (2010), the most basic method to collect 
information about the users’ opinions, thoughts and experiences. The interview can be carried out 
as unstructured, semi-structured and structured, and which structure to choose depends on the aim 
(Osvalder, Rose, & Karlsson, 2010). A semi-structured interview is less formal than a structured one, 
which means that a structure of the interview has been decided in advance, but the interviewer can 
choose freely from the order of the questions and ask follow-up questions that are not pre-written 
to get further information (Osvalder, Rose, & Karlsson, 2010). 

Interviews were held during the eight co-rides in the trucks in order to be more time efficient. The 
interviews were semi-structured (Appendix B) where there were pre written questions to ask, but 
the way the questions were asked depended on the personality of the interviewed truck drivers. 
The questions were also asked in different orders depending on what made the conversation flow 
naturally. Two semi-structured interviews were also held in the lunch room with two drivers at one 
of the contacted trucking companies, and with a site manager at a construction site.  According to 
Laurel (2003), the interviews with users provide a directional input of design, which was exactly 
what the aim was for these interviews.

4.3.4 SURVEY
A survey is a method for collecting information from a large amount of people under a short period 
of time or from people that are difficult to reach (Osvalder, Rose, & Karlsson, 2010). The method 
is a form of structured interview but does not require personal contact, which also means that it is 
important to make the questions unambiguous and spot-on so the information demanded is ob-
tained (Osvalder, Rose, & Karlsson, 2010). The survey method was chosen to collect information 
from other road-users, such as pedestrians, cyclists, moped riders, motorcyclists and car drivers. To 
find those users, the survey was sent via email to different organizations in Sweden containing these 
types of road-users and posted on Facebook groups for cyclists in Great Britain. The survey was also 
sent to the Facebook groups of the universities LTU and KTH. 

The survey was done with Google Forms due to the flexibility of working parallel with the ques-
tions in the form and also because we had previous experience with Google Forms. The survey 
questions, see Appendix D, regarded the critical situations mentioned by the truck drivers during 
the co-rides, the communication between truck driver and the other road-users in these situations 

and what information the other road-users would like to give and receive in the situations. To mea-
sure the feelings of other road-users in the different situations presented in the survey, the method 
of Self-Assessment Manikin (SAM) (Bradley & Lang, 1994) was used. The survey resulted in 77 
answers of which 25 were car drivers, 23 were cyclists or moped riders under 25 km/h, 20 were 
pedestrians and 9 were motorcyclists or moped riders over 25 km/h. 

4.3.5 PERSONAS
Personas are used to map the elements that influence an interaction between a fictive user and a 
system or product, which is to be evaluated or redesigned (Osvalder, Rose, & Karlsson, 2010). The 
data for the personas is collected from user studies and provides a foundation stone for the design 
work (Osvalder, Rose, & Karlsson, 2010).

The method was used to present the user data more easily. Five personas (Figure 14) were created, 
one of each road-user; a pedestrian, a cyclist, a car driver, a motorcyclist and a truck driver. These 
personas were kept in mind during the project.

Figure 14: Picture of personas.

4.3.6 AFFINITY DIAGRAM
Affinity diagram can be used to interpret the information collected from interviews and observa-
tions (Hanington & Martin, 2012a). A minimum for the Affinity diagram is four to eight users in 
four different field test sites, according to Beyer & Holtzblatt (1997). They also write that the affinity 
shows the problem scope, the quality requirements and put similar issues in groups. Affinity diagram 
uses a bottom-up process and creates stories about the users, their problems and tasks (Hanington 
& Martin, 2012a). 

The method of Affinity diagram was used for structuring the needs of the truck drivers from the 
co-rides. One affinity diagram was made for visualizing the information the truck drivers want to 
receive from other road-users and another affinity diagram was made of the information the truck 
drivers want to convey to the other road-users.

4.4 IDEATION
This section presents and describes the methods used during the ideation phase. The participants 
of the ideation methods were solely the two thesis workers of the project, unless otherwise stated.

4.4.1 BRAINSTORMING
Brainstorming is a method where the participants freely discuss their ideas together without criti-
cism (Dam & Siang, 2017). The method was used repeatedly throughout the project as casual dis-
cussions about ideas, thoughts and improvement suggestions.
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4.4.2 BRAINWRITING AND BRAINDRAWING
Brainwriting is a method where the ideas are written down on paper during 5 minutes and then 
passed on to the next participant, so they can build on the idea on the paper for the following five 
minutes (Dam & Siang, 2017). Braindrawing is another method similar to Brainwriting, but with 
Braindrawing the ideas are sketched on the paper instead of written (Wikberg Nilsson, Ericson, 
& Törlind, 2015). After 15 minutes, the papers are collected and a discussion is initiated about the 
ideas (Dam & Siang, 2017). This method was used with a twist for startup; 2-3-5, 2 participants, 3 
ideas, 5 minutes. A random word was picked as a topic to brainwrite about, in order to get started. 
The words were the first that came to mind. In this case the words Pedestrians, Trees and Shoes be-
came the random picked words. The method was used in three sessions, with Pedestrians, Trees and 
Shoes as topics. These sessions were done in order to warm up the brain and to allow us to think 
outside the box, outside the boundaries of reality. 

4.4.3 BRAINDUMP
Braindump is, according to Dam & Siang (2017), a method similar to Brainstorm, but done individ-
ually. Ideas are written down on post-it notes and are later shared with the other participants (Dam 
& Siang, 2017). Braindump was used to put all the ideas in the head out on paper, to visualize the 
thoughts and ideas and save them for later. 

4.4.4 MINDMAP
Mindmapping is a technique to graphically build a web of relations from a keyword or problem 
statement (Dam & Siang, 2017). From the keyword all ideas and solutions that come to the partic-
ipants’ minds are written down and connected to the keyword with lines and these can be built on 
further until a web is created (Dam & Siang, 2017). Hanington & Martin (2012b) use a different 
name for pretty much the same technique, Brainstorming Web. They write that the method is used 
for identifying the characteristics of the central concept, or question, which will be developed. 
The method is good for supporting the facts and related ideas to the central concept or question 
(Hanington & Martin, 2012b). Mindmapping, or Brainstorming Web, was used on a whiteboard 
with different topics in the middle.  Visual Communication (Figure 15),  Transmission Technology 
(Figure 16) and Smartphone (Figure 17) were the topics for the mindmaps. 

Figure 15: Mindmapping picture of  Visual Communication as topic.

Figure 16: Mindmapping picture of  Transmission Technology as topic.

Figure 17: Mindmapping picture of Smartphone as topic.

4.4.5 RANDOM WORD GENERATOR
Random Word Generator was an improvised method, with the aid of an app with the same name, 
used for generating random words on which to build ideas. The method was used for 6 minutes 
with the topic of our thesis  Visual Communication between Truck Drivers and the Surroundings. 
The words were random from a smartphone app (myice92, 2012), where the two words showing 
on the screen would be the topic of the idea generation.
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4.4.6 COMBINING AND CLUSTERING IDEAS
The method of combining ideas (Askfelt, 2015) was used by combining ideas into holistic solutions 
that could solve multiple needs and problems of the ones found from the user studies. The method 
described by Askfelt (2015) contains picking random words from a list for combining, but this part 
was chosen to be used as described in 4.4.5. 

The method of combining ideas was combined with the method of clustering (Katapult, TEACH, 
WorkZ, Stickelback, & Flensborg, n.d.), where the ideas were sorted into groups containing the 
overall same idea. The clustering was tried in different ways with different topics for clustering the 
ideas, similar to step number 6 in the method description of Hyper Island (n.d.). With this clus-
tering method, it was clear that there were a few main ideas that had been reoccurring from all 
idea generation sessions and methods. These ideas regarded intersections and zebra crossings where 
sensors and connectivity played an important role.

4.4.7 PUGH MATRIX
A Pugh matrix (Arvola, 2014) was used for evaluating the concepts to today’s truck and the needs 
found from the user studies. The criteria of the information needs the truck drivers had, the in-
formation needs the other road-users had and general needs were listed in a chart together with 
the concepts and today’s truck. The concepts were compared to these criteria and to today’s truck, 
which acted as a baseline, as can be seen in Appendix E. The method was chosen to have a num-
bered scale, from zero to five, for how well the concepts satisfy the criteria. The baseline had the val-
ue of zero and if a concept satisfied a certain criterion equally as today’s truck, the concept received 
the number of zero for that criterion. If the concept satisfied the criterion better than today’s truck, 
the numbers one to five were chosen depending on how well the criterion was satisfied by the 
concept. At the end, all numbers were summed up and the concept with the highest score would 
be the concept satisfying the needs the best.

4.4.8 SCENARIOS 
Scenarios (Arvola, 2014) were made based on the critical situations given from the truck drivers and 
from the Volvo Trucks Safety Report 2017. The scenarios consisted of a truck driver encountering 
different road-users in the chosen situations. One version of the scenario is with the chosen concept 
ideas and another version is without it, see Appendix F.  The scenarios were created in order to show 
the safety advantage of using the developed concepts.

4.5 IMPLEMENTATION
The implementation phase contained development and evaluation of three concepts from the 
ideation phase. Through feedback from a workshop and development through another round of 
research, benchmarking and literature review, the three concepts were evaluated in the implemen-
tation phase before the final concept solution appeared. Due to time restriction, this phase was 
changed to not contain prototype building or user tests with verification on road or in simulator, as 
stated in the beginning of the report.  The implementation phase contained making visualizations 
of the concepts for evaluations with Volvo experts instead. This section presents the methods used 
during the implementation phase.

4.5.1 WORKSHOP
As an end to the ideation phase, the implementation phase begun with a workshop (Hanington & 
Martin, 2012c) together with the  Volvo Team to receive their input of our concepts before continu-
ing with further development of the chosen concept.  The workshop was carried out in two sessions 
with five and six participants in each session. The participants of the workshop were selected to 
contain people with expert knowledge and experience regarding the different aspects of the con-
cepts. The workshop was structured to contain an introduction to the project, what has been done 

so far and then a presentation of the three concepts.  After the presentation of the concepts the word 
was free for all participants to ask questions and come up with suggestions and ideas.

4.5.2 BENCHMARKING AND LITERATURE REVIEW
Another round of benchmarking (Wikberg Nilsson, Ericson, & Törlind, 2015) and literature review 
(Hanington & Martin, 2012d) was carried out after the workshop in order to back-up the devel-
opment of the concepts. The focus of the research was on light regulations, interactive projections, 
projectors as headlights and cognitive ergonomics. The cognitition research regarded the limitations 
and functions of cognitive abilities the human mind has regarding information processing in the 
area of projection. 

4.5.3 EVALUATION
Evaluations of the final concept solution were made together with internal employees at Volvo 
by showing the updated visualizations and ask for their interpretation. The idea was to see if the 
concepts and visualizations were easy enough to correctly understand and if not, why they were 
interpreted that way. The evaluations were done individually with two truck drivers from Volvo 
and two other road-users within the Volvo group of Driver Interface.

4.6 METHOD DISCUSSION
This section presents a discussion regarding the methods used during the project and concerns what 
could have been done differently in order to receive a more satisfying result.

4.6.1 LITERATURE REVIEW
The literature found was difficult to connect to the actual topic of visual communication between 
trucks and other road-users. There have not been so many studies and so much research in the area 
in order to create a satisfying level of information, even though it is a known problem that needs 
to be solved. 

4.6.2 OBSERVATION
It would be good to have observed a greater amount of truck drivers in order to find the variety 
of drivers that have different kind of trucks, different types of driving areas, such as long-haul and 
distribution in city center. A larger amount of observations could also have contributed to find 
more personalities of positive and negative aspects of the trucking business, a variety of experience 
and also increase the amount of talkative people willing to give this information to us.  The fact that 
we were in the cab with the drivers during the observations might also have affected the drivers’ 
behavior, to some extent.

4.6.3 INTERVIEWS
Because the interviews were held in the cab during the truck drivers’ usual work, the interviews 
became less structured and might have limited the driver’s ability to answer or think about the sub-
ject. This means that it might have been better to take the interviews around the coffee table, but 
on the other hand, more relevant information could be addressed and discussed immediately when 
situations occurred during the co-rides.
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4.6.4 SURVEY
The survey took a much longer time to create than expected and it became an extensive survey 
requiring much reflection. Many delays were caused by feedback loops and redesign of layout. 
Because of the delays the project became trapped in the context immersion phase for a very long 
time and made it difficult to continue to the next phase. The survey method was a good choice for 
collecting information from different road-users in different age groups, but the survey might have 
collected more answers if it had been shorter and easier to answer. 

4.6.5 PERSONAS
The personas were based on eight truck drivers, from four different companies. Because of the delay 
of the survey the personas of other road-users were created much later in the design phase. The 
personas were made based on the information from the different road-users and put into scenarios 
where the truck driver encounters the other road-user-personas. Due to the fact that the personas 
were created and placed in scenarios, based on information from the user studies, made it easier to 
understand the users of the project and thereby possible to always have them in mind during the 
ideation and concept development.

4.6.6 SCENARIOS
Scenarios were made based on the chosen critical situations and the personas, and describe situa-
tions where the truck driver and other road-users encounter each other. The scenarios were not 
actively used in the project but were more of a guideline for the design work as a whole. The dis-
cussion of coming up with the scenario stories were enough for us to have the complete picture of 
our final concept solution of how it works, in what sort of situation and which problems and needs 
it solves and satisfies.

4.6.7 IDEA GENERATING METHODS
The idea generating methods were mostly chosen based on what has been used in previous proj-
ects, but now these methods needed some modification because we were only two participants. 
The methods of brainstorming, brainwriting and braindump worked fine, even if the results would 
probably have been more creative with more participants. The method of mindmap was a good way 
of visualizing relations for different topics where we both explored new ideas and learnt about how 
the project areas were or could be connected to each other. The random word generator was a good 
tool in order to speed up our creativity and to force us to think outside the box of our project. The 
result could potentially have been better if there had been a few more participants for contributing 
with their creative ideas.

The method of combining ideas was good for creating holistic solutions, which enabled the pos-
sibility of solving multiple needs with the same system solution. The method was not used as the 
source explained, with picking random words for combining, because the random word generator 
method was already chosen where the ideas were sketched and written. It was therefore considered 
unnecessary to use a very similar part of a method where the combination takes place in the head 
and not on paper.

The clustering method helped with organizing the ideas into groups of similar ideas or groups 
containing ideas belonging to the same topic or solving the same need. Different clustering sessions 
were done in order to rearrange the ideas into different categories and to help us see patterns. Due 
to the fact that many ideas were similar to each other it might have been more interesting clusters 
if there had been a larger variety of ideas from previous ideation methods.

4.6.8 IDEA EVALUATION METHOD
The Pugh method did not give any clear directions of which concept is most promising. The 
futuristic, dark horse concept of the HUD received the highest score, but it did not work as a de-
cision maker due to the fact that the futuristic HUD had already been questioned because it was 
a little too futuristic with complex, expensive and demanding technology. The other two concepts 
received the same score, which only showed that those two were on the same level while the dark 
horse concept would, if possible to make, solve almost all needs on a high level of satisfaction. 

4.6.9 WORKSHOP
The method was used to get expert input on the concepts and much effort was put into trying to 
mix the participants’ professional area and personalities in order to obtain discussion and fresh ideas. 
This was not completely possible and the second session became too quiet and tense. The optimum 
would have been to mix and match all the participants however we wanted, but their schedules had 
to be considered. The workshops could have been more structured and contained methods for idea 
generation together with the experts in order to find more ideas and solutions, and with this, poten-
tially procure them into discussion. The main reason for the workshops was to receive feedback on 
the concepts we had already come up with and that is why ideation methods were not included in 
the workshops. Another reason is that the workshops were held quite late in the project’s ideation 
phase and the time for a whole new ideation session would have cost the project too much time. 

4.6.10   BENCHMARKING AND LITERATURE REVIEW
The second round of benchmarking and literature review did not find any legislation regarding 
projection from vehicles in traffic or color usage for projections. The legislation and laws will most 
certainly be made in the near future due to the fact that projection is a relatively new idea and has 
not been introduced on the roads. Interactive projection systems are also not being used in traffic 
applications today, which makes it difficult to find information on legislation or recommendations. 
The second research showed that the systems of projection and interactive systems are available, but 
not so many speak of the possibilities of being used in bright daylight, only in bright rooms. 

The method of having a second round of research helped us develop the concepts based on tech-
nology and ideas that are already showing that our concept solution could be possible to imple-
ment. Based on this research the final concept solution became rooted in the trend of what is 
already available and possible today and what will be in the future.

4.6.11   EVALUATION
The evaluations were done individually, not in group, in order to make sure the evaluators were not 
being influenced by someone else. The final concept solution was shown for the evaluators with-
out explanation about the intention of the concepts. They were asked to say how they interpreted 
the concepts and what they thought the concepts were supposed to be showing. At the end of the 
evaluation was a discussion about the traffic situations, the concept solution and suggestions for im-
provement. The evaluations went well, but it would have been good to have done evaluations with 
more people for a more valid evaluation and preferably to have included people outside of  Volvo. 
Ideally, it would have been better to have evaluations with prototypes in the actual situation in order 
to see the true interpretation and thereby receive the correct evaluation.
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5.  Results
In this section the results from each phase, the Context immersion, Ideation and Implementation, 
will be presented. Section 5.4 in this chapter deals with the final results and is divided into two 
groups of 5.4.1 and 5.4.2.

5.1 RESULTS OF CONTEXT IMMERSION
The context immersion phase contained background research and our own research for allowing 
a comprehensive understanding of the problem area. This section presents the result from the user 
studies, containing observations, interviews and survey, the additional research and limitations and 
requirements.

5.1.1 USER STUDIES
Of the 34 contacted companies, eight co-rides around the Gothenburg area were carried out with 
observations and interviews. The truck drivers had different amounts of driving experience, which 
can be seen in Appendix C. Some of the drivers have had their drivers license for many years but 
may not have been driving trucks all those years. For example, truck driver number 7 received his 
truck driving license 28 years ago, but he had other jobs and engagements in between. To compare 
drivers number 1 and 7, it could almost be a draw when driver number 1 has been driving full time 
since receiving the license and driver number 7 has taken breaks. 

The result of the co-rides with interviews is that the truck drivers are very observant while driving 
and they want to see and know everything. They want to know where every other road-user is and 
what their intentions are. Often mentioned as the worst time for truck drivers was during rush hour 
when every other road-user is in a hurry to or from work, or Friday afternoons when everyone 
wants to go home for the weekend. The interviews also gave us situations where the truck drivers 
needed to be more alert due to the fact that conflicts with other road-users occur. 

According to the interviews, driver number 7 said that other road-users do not have any under-
standing that trucks have longer braking distance than cars and driver number 8 agrees and adds 
that they do not understand that trucks are heavier than other vehicles on the road. The braking 
distance was also mentioned, by driver number 1, as a problem when other road-users do not un-
derstand that trucks have more difficulties stopping. She thinks that car drivers drive egoistically, 
drive too close, make dangerous overtakes and cut in line. Car drivers think that trucks are slow and 
heavy and therefore cut in front of the truck, according to driver number 6. This causes irritation 
for the truck drivers because they have schedules to follow too. Driver number 2 said that cars are 
not cooperating when the truck is overtaking the car, it speeds up instead. The bad behavior of 
other road-users makes her cranky as a truck driver. Many accidents occur in two-lane roundabouts, 
where car drivers often think they can fit in the lane next to the truck, but do not consider that the 
truck cuts corners. 

Cyclists do not show any consideration of other road-users and, according to driver number 7, they 
drive like crazy and think that they have the priority. Driver number 6, on the other hand, said 
that pedestrians and cyclists behave well as long as they are not in the downtown area but adds that 
people can be in a completely different world while on the phone or wearing headphones. He also 
adds that cyclists need to look out more and make sure the drivers have seen them. Sometimes he 
intentionally goes over the line just to give the cyclist a warning. According to driver number 8, 
cyclists think they are immortal while motorcyclists and car drivers seem to understand that they 
are operating a vehicle and therefore need to be a bit careful. Driver number 4 thinks that pedestri-
ans behave well except when in crowded areas and adds that pedestrians with headphones and cell 
phones are people to be extra careful with. Driver number 2 agrees that while on the phone, it is 
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difficult to predict the pedestrians’ next move, but also adds that they can be too hesitant. Pedestri-
ans who do not cross the road on zebra crossings and car drivers who are using their phones while 
driving are dangerous situations, according to driver number 4. Driver number 2 said that cyclists 
think they are pedestrians and that the rules for pedestrians apply to cyclists. He also adds that there 
are not many cyclists that give indication of direction with their arm. 

It is difficult for a truck to change to the right lane due to the blind spot, according to driver num-
ber 6. This action requires extra attention. Driver number 8 said that it is important to plan ahead 
and to see through the windows of a bus or underneath, between the wheels if possible, in order 
to see if a pedestrian is behind the vehicle. He says that eye contact is important. Driver number 
2 agrees that it is important to plan ahead. According to driver number 4, the rearview mirrors 
are too big and obscure too much vision area and that the gap between the mirrors and the truck 
is too small. The mirrors cover the visibility of cars when the truck is entering a main road. On a 
construction site, driver number 4 says that he has to exit the truck to talk to different people in 
order to find out where the containers are that he is supposed to pick up. He also says that there 
are too much construction materials, trucks and cranes in the way that are pointing in all directions 
and driver number 7 agrees that there is much construction material to avoid and adds that due to 
this, the other workers at the construction site need to be his eyes on the outside.

Due to the interviews with the truck drivers, the critical situations are roundabout, complicated 
intersection with many different kinds of road-users, when a truck is changing lanes, traffic jams, 
when a truck comes down a hill to an intersection, when a truck turns right and when a vulnerable 
road-user crosses the truck’s path (Figure 18). 

In roundabouts the truck drivers said that cars tend to sneak into the inner lane when the truck is 
in the outer lane, which results in traffic incidents where the car becomes squeezed by the truck. 
This is due to the fact that the back wheels of the truck cuts corners, especially if the truck is not 
rigid. The need for informing car drivers about this feature of the truck was considered necessary 
in order to avoid these kind of incidents.

At intersections where there are many different types of road-users, the truck drivers explained that 
they need to be very alert to keep track of everyone else. The situation is demanding, and maybe 
even stressful, even if the truck drivers are reluctant to use the word stress themselves. The typical 
intersection of this type is in dense city areas. At intersections where the truck comes down a hill 
was considered as a difficult situation for the truck drivers because car drivers often misinterpret the 
truck, its speed and braking distance. This results in the car driving out in front of the truck without 
knowing if the truck can stop in time. 

When the truck wants to change lanes is also a bit tricky due to the limited sight the truck driver 
has to the right. The truck drivers mentioned that this situation is relevant in all speeds and explains 
that they give the signal of wanting to move to the side early so others have time to notice. They 
then move the truck slowly so that other road-users have time to react and give a signal if necessary, 
for example if the truck starts to move into the right lane and there is a car there, which the truck 
driver has not seen due to the blind spot areas. It could also be that car drivers are distracted during 
this lane changing of the truck, which means that they would not react and give a signal to the 
truck driver in time if the truck changed lanes quickly. 

Figure 18: Chosen traffic situations.

During the interviews the truck drivers were asked what they think about other road-users, such as 
pedestrians, car drivers, cyclists and motorcyclists.  A selection of what the truck drivers said can be 
seen in Figure 19. The truck drivers were in consensus that car drivers are egoistic, only thinking of 
themselves and do not show respect for trucks. The cyclists were the other type of fellow road-user 
that the truck drivers had much to say about. The cyclists act as if they own the road, like they are 
immortal and have the priority in traffic. Knowledge about traffic rules was something that the 
truck drivers thought cyclists had a lack of. 
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Figur 19: Selection of quotes from truck drivers.

The co-rides with observations and interviews were analyzed for needs of the truck drivers. The 
needs were structured into two affinity diagrams, one for the information that the truck drivers 
want to acquire from other road-users and one for what the truck drivers want to give to other 
road-users. The analysis resulted in 13 needs of information that the truck driver wants to receive 
from other road-users (Figure 20) and 24 needs that the truck driver wants to convey to other 
road-users (Figure 21). The critical situations mentioned by the truck drivers were chosen and vi-
sualized by drawings and the needs were matched with the situations (Appendix G).

Figure 20: Information needs from other road-users to truck driver. 

Figure 21: Information to other road-users from truck driver.

5.1.2 SURVEY
The situations and needs expressed from the truck drivers were combined in a survey (Appendix 
D) that was sent to other road-users, mainly via organizations and Facebook groups containing car 
drivers, motorcyclists and cyclists. The survey was also sent to the thesis workers’ universities Face-
book groups, which mainly consists of cyclists and pedestrians. This section presents a thorough 
description of the results of each critical situation mentioned in the survey. 

The situation of roundabout was overall considered as quite neutral, slightly unpleasant with a small 
increase of activeness. The usage of own direction indicators and to look at the truck’s direction 
indicators were the communication methods most frequently used in this situation. The car drivers 
want to know if they have been seen by the truck drivers and if the truck drivers want to change 
lanes (Figure 22). The car drivers want to let the truck driver know where they are and the com-
munication in this situation is considered as quite insufficient today, according to the survey.

For the motorcyclists, the roundabouts are rather unpleasant where they need to be very active and 
feel a bit dominated (Figure 23). The motorcyclists use their own direction indicators as main com-
munication method but they also seek eye contact through the windows of the truck and look at 
the truck’s direction indicators. The most important information the motorcyclists want to receive 
from the truck drivers is if they have been seen and they want to convey to the truck drivers where 
they are, which exit they are going to take and if they want to change lanes. The communication 
between truck drivers and motorcyclists in this situation is, according to the survey, not enough. 
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Figure 22: Roundabout, car.

Figure 23: Roundabout, motorcycle.

The situation of traffic jams for a motorcyclist is regarded as quite unpleasant where they need to 
be active, but they do not feel dominated (Figure 24). To look at the truck’s direction indicators is 
the most frequently used communication method for this situation, closely followed by using their 
own direction indicators. The most important information the motorcyclists want to receive from 
the truck drivers is if they have been seen and they want to convey where they are to the truck 
driver. According to the survey, the communication between truck drivers and motorcyclists is not 
enough in this situation today. 

Car drivers consider the traffic jam situation as neutral where using their own direction indicators 
and look at the truck’s direction indicators are the most frequently used communication methods 
(Figure 25). Information about if the car driver has been seen by the truck driver is most important 
for the car drivers to receive, and they want to convey where they are and if they want to change 
lanes. The survey showed that the communication is neither enough nor sufficient in this situation 
today. 

Figure 24: Traffic jam, motorcycle.

Figure 25: Traffic jam, car.
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The situation of a truck coming down a hill to an intersection was considered as neutral for the 
motorcyclists, where they use eye contact through the windows of the truck and looking at the 
truck’s direction indicators as main communication methods, together with using their own direc-
tion indicators. The motorcyclists want to receive information from the truck driver about if they 
have been seen and where the truck plans to go (Figure 26). They want to convey to the truck 
driver which direction they intend to go. The communication is neither enough nor sufficient in 
this situation, according to the survey. 

For car drivers, the situation is regarded as neutral and the main communication method is by using 
their own direction indicators and look at the truck’s direction indicators (Figure 27). Information 
of whether the car has been seen by the truck driver and where the truck plans to go is the most 
important information for the car driver to receive from the truck driver. The car drivers want to 
convey information to the truck drivers that they have seen the truck coming, which direction 
they are going and if they are going to stop or slow down. In this situation the communication is 
regarded as neither enough nor sufficient between the truck drivers and the car drivers.

Figure 26: Truck coming down a hill, motorcyclist.

Figure 27: Truck coming down a hill, car.

The situation of a turning truck was unpleasant for cyclists where they are very active and feel 
dominated (Figure 28). The main communication method the cyclists use in this situation is to 
look at the truck’s direction indicators. The most important information the cyclists want to receive 
from the truck driver in this situation is to know if they have been seen and where the truck will 
go. The most important information that the cyclists want to convey to the truck driver is where 
they are. According to the survey, the communication between the truck driver and cyclists is not 
enough today. 

For the pedestrians, the situation of a turning truck was considered quite unpleasant where the 
pedestrians were more active and felt a little dominated (Figure 29). The main communication 
methods the pedestrians use for this situation is eye contact through the windows of the truck and 
to look at the truck’s direction indicators. The pedestrians want to know if they have been seen by 
the truck driver and also know how much distance they should keep from the truck. To show the 
truck driver where they are is important information the pedestrians want to convey to the truck 
driver. The communication between the two is considered as neither sufficient nor enough today.  

Figure 28: Turning truck, cyclist.

Figure 29: Turning truck, pedestrian.
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The situation of crossing the truck’s path was quite neutral for the cyclists (Figure 30). The main 
communication method used by the cyclists in this situation is eye contact through the windows 
of the truck. The cyclists want to receive information from the truck driver about if they are seen 
and if the truck is going to stop or slow down and they want to convey where they are to the truck 
driver. According to the survey, the communication between truck drivers and the cyclists are nei-
ther enough nor sufficient in this situation today.

For the pedestrians, the situation of crossing the truck’s path is considered neutral where the main 
communication method is eye contact through the windows of the truck (Figure 31). To know 
if the truck driver has seen them is considered as the most important information the pedestrians 
want from the truck driver and they want to convey to the driver that they have seen the truck 
coming and where they are. The pedestrians agree with the cyclists in this situation that the com-
munication is neither enough nor sufficient between the truck drivers and the pedestrians. 

Figure 30: Crossing truck’s path, cyclist.

Figure 31: Crossing truck’s path, pedestrian.

The situation of encountering a truck at a complicated intersection is for a pedestrian neutral, 
where eye contact through the windows of the truck is the most frequently used communication 
method together with looking at the truck’s direction indicators (Figure 32). The most important 
information that the pedestrians want to receive from the truck driver in this situation is if they are 
seen and they want to convey to the truck driver where they are and if they have seen the truck 
coming. The communication between truck drivers and the pedestrians in this situation is not 
completely enough today, according to the survey. 

For cyclists, this situation was pretty neutral but requiring activeness from the cyclists who felt a little 
dominated (Figure 33). The main communication method in this situation is eye contact through 
the windows of the truck and to look at the truck’s direction indicators. To know if the truck driver 
has seen the cyclists was regarded as the most important information the cyclists wanted to receive 
and they want to show the truck driver where they are and if they see the truck coming. Today, the 
cyclists think the communication between them and truck drivers is neither enough nor sufficient 
in this situation, according to the survey.

Figure 32: Encountering a truck, pedestrian.

Figure 33: Encountering a truck, cyclist.
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The situation of a truck changing lanes was regarded as neutral for the car drivers, where they even 
felt a bit dominant. The communication methods most frequently used in this situation is for the car 
drivers to use their own direction indicators and to look at the truck’s direction indicators (Figure 
34). The information the car drivers want to receive from the truck drivers is if the truck is going 
to change lanes and where the truck plans to go. They want to give information about where they 
are to the truck driver and today, the communication in this situation is neither regarded as enough 
nor sufficient, according to the survey.

Figure 34: Truck changing lanes.

The situation where the truck is not seen was considered as difficult to answer, according to the 
survey comments, because, if they do not see the truck; how do they know how to feel and com-
municate with the truck driver? The pedestrians said that the situation was considered unpleasant 
where they need to be active and feel dominated (Figure 35). Eye contact through the windows of 
the truck is the most frequently used communication method for the situation and the pedestrians 
want to know if the truck driver has seen them. The pedestrians want to convey information of 
whether they have seen the truck coming and where they are to the truck driver.  The communi-
cation between truck drivers and pedestrians is not enough today in this situation. 

Figure 35: Hidden truck.

As an analysis of the results and comments from the survey, the other road-users want to clearly see 
the trucks’ intentions and mainly use eye contact to communicate with truck drivers, but at the 
same time feel that it is difficult to see the truck driver. This is because the truck drivers sit so high 
in their cabs and that the reflections in the windshield hide the driver in the dark cab, as Figure 36 
shows. This result was somewhat expected and the survey showed that all road users seem to want 
to have some better way to see the driver for eye contact or using lights to increase the indication of 
where the truck intends to go.  A selection of the survey answers of other road-users on the question 
of what they want can be seen in Figure 37, and Figure 38 shows improvement suggestions for the 
communication between truck driver and other road-users, given by comments in the survey.

Figure 36: Quotes on today’s difficulties according to other road-users.

Figure 37: Quotes on what other road-users would want.

Figure 38: Quotes about improvement suggestions from other road-users.
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5.1.3 BENCHMARKING AND LITERATURE REVIEW
Searches and information collection in the area of trucks and traffic showed a lack of systems that 
are aimed for the surrounding road-users. The systems, for example ADAS, are only for the driver of 
the truck. This angled the project, together with the truck drivers’ wish to educate other road-users 
about trucks, to aim for a solution that focuses more on informing the surroundings than warning 
the driver.

5.1.4 LIMITATIONS AND REQUIREMENTS
The project description included taking weather conditions into account, but was put aside due to 
accidents most often occurring during fair weather, as Kockum et al. (2017) write.  After discussions 
with the supervisors at Volvo, the project was primarly focused on communication between trucks 
and vulnerable road-users instead of only regarding communication with the surroundings. The 
requirements for the concept solution were also set up to meet the needs of both the truck drivers 
and the other road-users. The needs found from the user studies in the critical situations between 
trucks and other road-users were more of typical needs than connected to a specific type of truck. 
Because of this, a decision was made to find a concept solution for the critical situations no matter 
the truck model. This meant that the project delimitation to only regard the two Volvo truck mod-
els FH and FMX was discarded. 

5.2 RESULTS OF IDEATION
Concept generation gave many ideas based on the needs and situations from the previous phase. 
These ideas were evaluated based on the needs that they could satisfy, information collected from 
literature review and benchmarking, but also on what we thought would be most interesting to 
develop. The concepts were focusing on solving the visual communication needs at intersections 
and at zebra crossings, with roundabouts in mind. Figure 39 shows a few ideas from the ideation.

Figure 39: Picture of ideas from ideation.

During the ideation, ideas that were similar to each other were grouped together. When doing 
the grouping, it was clear that the most frequent ideas concerned the topics of zebra crossings and 
intersections and three main concept parts were discovered. The first concept consisted of a truck 
with more direction indicators, positioned where they are today, above the rear view mirrors and 
along the whole truck side (Figure 40). On the trailer of the truck was a sticker, showing a sketch of 
a truck from above and all the blind spot areas. The idea was that the sticker would only be shown 
when another road-user is in the area of a blind spot, using technology as the hologram stickers 
that are available today. In the front of the truck the concept contained a LED matrix in cyan color, 
which was supposed to show the speed of the truck.

Figure 40: Picture of first concept from workshop.

The second concept was a turning projection (Figure 41, 1) that should project the area that the 
back wheels will cut when the truck is turning. The projection was supposed to adjust depending 
on the angle of the wheels, which means that if the wheels turn more, the projection changes de-
pending on how the back wheels would cut with that specific wheel angle. As an addition to this 
projection were also a projected stop line (Figure 41, 2) and a timer clock (Figure 41, 3), which 
would be projected on the ground by the side of the truck’s rear. The stop line would let a cyclist 
know where to stop and the timer clock would let the cyclist know how long to wait before the 
truck has finished turning. Another idea was to present the information that a cyclist is behind the 
truck for a car, which is on the other side of the truck, by projecting a symbol of a cyclist on the 
truck’s trailer (Figure 41, 4).
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Figure 41: Picture of second concept form workshop.

The third concept contained a Head-Up Display that would highlight other critical road-users for 
the driver on all windows in the cab. This concept would use eye tracking to detect which objects 
the driver has already seen and in that way only show objects that the driver might not have seen. 
Figure 42 and Figure 43 shows a sample of how it would look in the windshield when the HUD 
highlights a road-user which the truck driver should be aware of. 

Figure 42: Picture of third concept.

Figure 43: Picture of third concept.
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5.3 RESULTS OF IMPLEMENTATION
The results from the workshop were ideas about using projectors as headlamps for the projection, 
to combine the three concepts into one complete concept, to look into restrictions of lighting and 
projection and to reduce the amount of information projected on the ground to make it easier to 
interpret. The sticker concept was advised to be left for Volvo to develop further themselves, because 
they already had something similar with a sticker making others aware of the blind spots. The extra 
direction indicators were also something that was about to be legal according to the input from 
the workshop with Volvo employees. This information led to the extra direction indicators and the 
sticker concept being chosen not to go further. 

The result of the user studies and the comments in the survey were kept in mind during the fur-
ther development, especially the comment that it is difficult to see the truck driver. Development 
of the concepts resulted in re-design of the amount of information presented by the projections, 
re-design of projection and the light matrix in the front grille and further benchmarking and lit-
erature reviews within projection technology, interactive systems, head-up displays and legislation 
about color and lights. Animations of the concepts were created in the form of short GIFs, made 
in Photoshop from hand made sketches. These animations were used as an explanation of how the 
concepts were intended to work. The projection was visualized in Blender with a CAD model of 
a Volvo FH provided by Volvo. 

The concepts were evaluated by asking two truck drivers and two other people at Volvo GTT by 
showing visualizations of the concepts and let them say how they interpret them. The point of the 
evaluations was to see if others interpret the concepts in the intended way and if not, ask them for 
suggestions on how the concepts could be changed in order to obtain the right interpretation. The 
two non-truck drivers understood the concepts quite well after seeing the short GIF-videos of the 
concepts a few times. They did not understand the need for showing the speed in the front though. 
The truck drivers had a little harder time understanding the concepts at first, especially to actually 
see that it was a zebra crossing that the truck presented in front of the pedestrian on the road. 

The truck drivers were in disagreement with the HUD. One of the drivers did not want any extra 
help with a HUD, because drivers have everything under control by themselves as it is today. The 
other driver, on the other hand, wanted all help that was possible to get. This driver thought the 
HUD should show other critical road-users with a triangle with an exclamation mark within, just 
to make it more warning-like. The concept of showing the speed with the LED Matrix was difficult 
for both the truck drivers and the other road-users to understand the need. They were unsure of 
why it was needed or necessary to show the speed with lights. One of the truck drivers was quite 
positive to have an extra indication of showing their intention of braking in an intersection for 
example. The blue color was, for one truck driver, connected to emergency vehicles. 

The projection of the zebra crossing in the front was not immediately recognized as a zebra crossing 
for the evaluators. Only one seemed to be guessing the right answer of being a zebra crossing that 
was projected. This concept was considered as dangerous by the evaluators because of the fact that 
the projection makes the pedestrian feel safe to cross when a car might come from behind the truck 
in the next lane. The truck can only take responsibility for its own actions, not for other events such 
as oncoming traffic. 

The turning projection was considered as very necessary by both the truck drivers and the other 
road-users. They were all agreeing that the projected area should be a rectangle, with the argument 
that “you don’t want anybody in this area here”.

The result of the evaluations was discussed with the supervisors at Volvo and adjustments to the 
concepts were done according to the evaluations, with the results from the user studies in mind. The 
scenarios, seen in Appendix G, were updated for showing the benefit of the final concept solution. 

5.4 FINAL RESULT
The final result is a combination of the three smaller concepts of lights and projection in the front, 
projection on the side while turning and the visualization for the truck driver of where other 
road-users are. The concept of the Head-Up Display was changed according to evaluations. 

5.4.1 FRONT LIGHT MATRIX AND FRONT PROJECTION
The front light matrix is supposed to be connected to the speed and show a decreasing flow down-
ward when the truck slows down and show an increasing flow upward when the truck speeds up. 
An illustration of the concept can also be seen in Appendix H, for sequential pictures.

The lights flow in the front grille is shown whenever the truck decelerates or accelerates and the 
frequency of the light is supposed to be adapted to answer to the real speed change of the truck. 
Figure 44 illustrates how the system works when a truck is closing in on a pedestrian crossing 
where a pedestrian wants to cross the street. 

When the truck starts decelerating as Figure 44 shows, the lights are starting from the top of the 
grille and fall downward in a continuous succession. When the speed reduces, the lights start from 
a lower level in the grille. At last, the lights are only in the bottom of the grille and at this point the 
truck is almost at a stop. When the truck has stopped and has no speed, the lights flow changes to 
move horizontally instead. The horizontal flow is supposed to illustrate that the truck is pending, 
still running, but standing still, waiting. To understand the difference between these two directional 
lights flow, it is necessary to see them in the situation, in the whole picture. When the truck arrives 
to the pedestrian crossing, the truck can project a zebra crossing on the ground to show the inten-
tion that the truck has stopped for the pedestrian to cross. At the zebra crossing the truck driver 
presses a button to activate the front projection of a zebra crossing. This action is manual as long 
as there is a driver in the vehicle, but can be done automatically by the truck in the future. The 
intention of projecting the zebra crossing is to show the driver’s intention to stop for the pedestrian 
to cross the road.

The truck has sensors that can detect an approaching car from behind. If the sensors detect one, as 
Figure 44 illustrates, the truck projects a reddish orange stop line on the left side of the projected 
zebra crossing. At the same time as the stop line is projected, the zebra crossing changes color to a 
reddish orange and starts blinking in order to alert and warn the pedestrian. If the approaching car 
stops, as Figure 44 shows in this case, the zebra crossing projection changes the color back to a static 
blueish light and the stop line disappears. The pedestrian is clear to cross the street. 



56 57

Figure 44: Illustration of front light matrix and front projection.

The front projection of a zebra crossing was adjusted according to the feedback that it can trick 
the pedestrian to cross even if a car comes in the next lane, the projection creates an illusion of 
safety. Because of this we decided to add an orange stop line on the left side of the zebra crossing 
projection if a car is detected by the sensors on the truck. When an approaching car is detected, an 
orange stop line is projected at the end of the zebra crossing and the whole zebra crossing starts 
blinking in orange in order to attract attention and alert the pedestrian. If the approaching car has 
passed or stops next to the truck, the orange stop line disappears and the zebra crossing goes back 
to the original color. 

The color of the front projection is chosen to be light blue, similar to xenon headlights due to the 
benchmarking, which showed that blue is a commonly used color in the front of future inspired 
autonomous vehicles. The color was therefore chosen because the concept solution is designed to 
work not only today, but also in the future, acting as a transition aid on the way from today’s way 
of communication. The blue color is, according to Löfvengren (2002), calming and concentrated 
while Ryberg (1991b) describes the cyan, turquoise, color as standing for sharpness and soberness, 
which is more in line with what the front projection is supposed to convey. 

5.4.2 TURNING PROJECTION
The turning projection is an interactive rectangle shaped area along the side of the truck and a tri-
angle shaped area on the opposite side of the rear to show the overhang of the truck when turning. 
The projection color is a reddish orange, similar to the Portland orange used for pedestrian crossing 
signals in the U.S., and is projected when the direction indicator is on and when the truck travels 
in lower speeds.

The interactive projection has three levels, where sensors are used to detect and keep track of the 

detected objects. The sensors calculate the distances and the speed of approaching objects in order 
to decide if the objects are fast approaching or not and thereby decide the safety levels of the system 
and when notifications should be given. Depending on whether the truck has started turning or 
not, the levels and respondence of the system is different, as Figure 45 and Figure 46 shows. 

Figure 45: Levels of turning projection when wheels are not turning.

Figure 46: Levels of turning projection when wheels are turning.

The projection on the side of the truck is interactive, which in this case means that when the system 
detects an approaching object it notifies the driver and, depending on whether the wheels of the 
truck have started turning, displays warning to the approaching object by making the projection 
blink. The projected area starts blinking depending on the calculation of speed relative the distance 
to the projection border. If the object moves towards the projection, the system has a pre-decided 
speed level of when an object is considered to be fast and from that calculate the distance of when 
the blinking starts. The projected area is only interactive for other road-users when the truck wheels 
are turning and the blinking projection is the only information given to the other road-users out-
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side the truck. The truck driver becomes notified if anyone is in the projected area and the first 
notification level depends on whether the approaching object is fast moving or not and whether 
the wheels have started turning. The visual feedback to the driver is a symbol of a truck with a pro-
jected area, seen from the top and the location for the symbol projection depends on if the wheels 
have started turning. If the truck has not started turning the wheels, the projection is presented on 
the windshield (Figure 47). The position for this projection is the same as for a HUD in a passenger 
car due to the fact that the information about someone in the projected area is given to the driver 
as a notification without the need for the driver to look somewhere else. The truck is presented in 
grey and the projected area is in reddish orange, as the outer projection. The design of the HUD 
visualization was decided through discussions, with the evaluations in mind. It was important not 
to use already existing symbols that could confuse or create misinterpretations and therefore a new, 
simple symbol was created. If the wheels are turning, the projection is presented on the right side 
window (Figure 48) because the driver probably has more attention on that side while turning, 
based on information collected from user studies and evaluation with truck drivers.

 

Figure 47:  Visualization of HUD placement when wheels are not turning.

Figure 48:  Visualization of HUD placement when wheels are turning.

Let’s describe the turning projection by taking an example of a truck approaching an intersection 
where it will turn right. A picture sequence of the turning projection can be found in Appendix I. 
The truck will most definitely slow down before taking the turn and drives with the lower speed 
for a few meters before starting to turn the wheels. During this time when the truck drives slowly, 
but has not started turning the wheels, a fast object, a cyclist for example, approaches from behind. 
The system with the sensors detects the object and gives the driver a notification in the HUD when 
the cyclist is at a certain distance away from the truck (Figure 49). Due to that the truck has not 
started turning yet, no further notification is needed.

Figure 49: Illustration of fast approaching object when wheels are not turning.
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If the approaching object is slow instead, a pedestrian for example, while the truck is driving 
straight, the visual notification to the driver is given later, when the approaching object is just about 
to enter the projected area (Figure 50).

Figure 50: Illustration of slow approaching object when wheels are not turning.

When the truck arrives at the intersection, where it is time to start turning the wheels, the system 
reacts in a different way due to the fact that it is in this situation where the most severe and fatal 
accidents occur, according to user studies and Volvo Trucks Safety Report 2017. When the system 
detects a fast approaching object, the driver receives the visual notification combined with a sound 
notification when the approaching object is at a further distance away from the truck, compared to 
when the wheels were straight. At the same time as the driver gets the notifications, the projection 
starts blinking on the outside for the approaching object, as a warning. The reason for the further 
distance and the blinking projection is due to the dangerous situation where the approaching object 
travels long distances in a short time and both the driver and the object need to react in time. If the 
fast approaching object continues towards the projection and enters it, the truck automatically stops 
with the emergency brake (Figure 51). The emergency brake is a safety precaution so the object will 
not end up under a back wheel of the truck and is a feature supported by the ADAS from Bosch 
(n.d.j). The projection continues to blink until the object has stopped.

Figure 51: Illustration of fast approaching object when wheels are turning.
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If the approaching object is slow and the wheels have started turning, the driver receives a visual 
notification when the object is at a certain distance from the truck. If the object continues to ap-
proach the truck, the driver gets a sound notification when the object is just about to enter the 
projected area and at the same time the projected area starts blinking. The emergency brake is 
applied automatically if the slow approaching object continues into the projected area and reaches 
the third level (Figure 52).

Figure 52: Illustration of slow approaching object when wheels are turning.

The turning projection was modified according to the workshop and the evaluations. The truck 
drivers from the evaluations expressed that they do not want to have anyone by the side of the truck 
when about to turn and emphasized that the area should rather be a static rectangular area instead 
of the dynamic area of our first concept. Another projected area was chosen to be added according 
to the motorcyslists’ opinion in the user studies. This additional projection shows the overhang of 
the rear of the truck’s opposite side, but is not interactive. This projection helps the motorcyclists see 
that the truck will turn, which means that the end of the truck will swing out, and lets the motor-
cyclist avoid being hit. The additional projection is considered necessary in order to see further in 
front of the truck because the motorcyclists stated in the survey that it is needed when they cannot 
see the direction indicator of the truck when they are on the truck’s left rear side. 

The color of the projection was chosen to be a red color, almost to the orange area, because the 
projected area is supposed to present an area that is forbidden and signalize danger. The red color 
is, according to Löfvengren (2002), activating and activates the defence mechanism, according to 
Ryberg (1991a), which supports the purpose of the turning projection but also the color change of 
the front projection when a car is approaching from behind. 

The turning projection is automatically turned on when the direction indicator is on, but the pro-
jection is only supposed to be presented when the truck is driving at lower speeds due to it being 
more likely that the truck will turn when in a lower speed than when in a higher speed. The pro-
jection can also be used in roundabouts to aid other road-users to see where not to be. According 
to truck drivers, cars often think they can take the inner lane in a roundabout when a truck is in 
the outer lane, not knowing that the truck will cut in on the inner lane. The turning projection 
could in this case help avoid this particular accident from occurring. The detail discussion resulted 
in a decision not to present the projection when at higher speeds due to the probability of appear-
ing confusing when the truck is just changing lanes. The projection should therefore have a speed 
regulation. 

The final concept solution, with the front light matrix and projection and the turning projection, 
has a base level of automation at SAE International (2016b) level one. This is due to the fact that the 
driver is needed for all driving, at the moment, but the final concept solution is an automatic assis-
tance system in certain situations such as when turning on the direction indicator in lower speeds. 
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6.  Discussion
The thesis has given insight into the truck driver’s everyday work, their perception of other road-us-
ers and what other road-users think about trucks in traffic. The user studies have cast light over 
many details that was, for me, unknown before the thesis and has given me more respect for the 
trucks in traffic. The research for this thesis has awakened my interest for joining the journey on 
developing smart solutions regarding traffic safety, communication and vehicles.

In this chapter the project and the final concept solution and relevance will be discussed together 
with the collected information and theory. The conclusions of the project will also be presented and 
recommendations of further development will be given.

6.1 POSITIONING THE RESULT
This project has regarded many areas and aspects of traffic and communication, which have been 
important to look into in order to get a holistic view for creating a viable solution for improving 
the visual communication in traffic that works today and in the future. The final concept solution is 
mainly created due to the need for improving the communication between truck drivers and other 
road-users. The user studies and benchmarking have been the foundation for the development, 
which has followed the HCD process described by Arvola (2014) and Norman (2005), where the 
human user and usability is in the center. The development has involved ACD (Norman, 2005; 
DesignKit, n.d.; Gee, 2006), where methods have been used in order to find the users’ behaviors 
and needs and interaction and user experience design (Arvola, 2014; Buchanan, 2001; NNgroup, 
2016; Siang, n.d.) have been taken into consideration because there are users who will interpret and 
interact with the concept solution. The UX design did not focus on how users will use and respond 
to the concept solution, but how we wanted the users to respond, which could be considered the 
reversed order of UX design described by Interaction Design Foundation (n.d.b).

As research and benchmarking have shown, there are autonomous vehicles on the entry and the 
technologies for making vehicles smarter, connected and reliable are evolving fast and have been 
the foundation for the final concept solution development.  As IEEE (2014) and Martini (2014a, 
2014b) foresee, the human driver is on the departure and will not be required for driving at all in 
the far future, while Noy, Shinar, & Horrey (2018) claim that the human driver will always have a 
role to play. Frost (2014), on the other hand, writes about car sharing and public transportation for 
sustainability. Perhaps car sharing and public transportation are a possible approach within the closer 
future, but as technology is always inviting development and expansion, the vehicles are going to 
be driverless at some point. Even if private transportation will take turns on the way towards being 
autonomous vehicles, the transport of goods will probably be faster towards implementing driver-
less vehicles, based on what benchmarking has shown. 

Driver assistance systems are becoming more and more advanced and include equally more features 
to aid the human driver. As an example we have Bosch (n.d.j), who is now developing a driver assist 
system for detecting vulnerable road-users in city environments. These driver assisted systems are 
at the same time contributing to making the human driver phase out from being the responsible 
driver and instead the systems take over. Truck manufacturers are developing driver assistance sys-
tems (Nvidia, n.d.; Bosch, n.d.c, n.d.d, n.d.e, n.d.f, n.d.g, n.d.h, n.d.i; Robert Bosch GmbH, n.d.) 
and platooning (Geiss & Wollweber, n.d.) possibilities, which makes it easier for the human driver 
and at the same time reduces the input required from the human driver. When the systems take 
over the driving, other road-users lack the communication possibility they have had with human 
drivers, which means that other methods of communication need to be explored and, as Sirkka 
(RISE Interactive, 2016) says, the current methods via eye contact and gestures can be replaced by 
communication interface.
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The user studies showed that the intentions of the truck need to be easier to interpret. Truck driv-
ers want to clearly show their intentions and other road-users want to have a better indication on 
trucks in order to see and understand their intentions. Mercedes-Benz (n.d.a), Ford (Automotive 
World, 2017) and RISE Interactive (RISE Interactive, n.d.; RISE Interactive, 2015; RISE Inter-
active, 2016) are just a few of those who explore with light as a communication method for the 
driverless vehicles in the future, and have also been the inspiration source for using light to show 
the speed of the truck and in that way help other road-users see the truck’s intentions of slowing 
down or speeding up. Mitsubishi (Mitsubishi Electric Corporation, 2017; Lavars, 2017) have al-
ready created a projection concept for making car’s intentions more clear. Their concept is mainly 
designed for usage during dark hours, which is when 60 % of the fatal accidents with pedestrians 
occur, according to Mitsubishi Electric Corporation (2017). This is a contradiction to what Volvo 
Trucks Safety Report 2017 (Kockum et al., 2017) states, which is based on research and European 
accident statistics. 

Because other road-users stated in the survey that it is difficult to see the truck driver, even though 
the user studies showed that eye contact is what road-users seek for communication, the solution 
had to obstruct that gap. Due to this, and the future of autonomous vehicles, the main priority was 
not to involve the driver in the communication, but to focus on increasing the communication 
between other road-users and the truck itself. As the survey that Barkeman (2017) carried out 
showed, there is a hesitant attitude towards technology, and adapting new ones. With the final con-
cept solution, the communication with other road-users would become a transition aid into auton-
omous vehicles. As Li et al. (2016) write, the discouraging factors of new technology outweighs the 
positive effects, which is seen at the moment in the U.S. where the fatal accident occurred with an 
autonomous car (Aghamn, 2018; Said, 2018; Wakabayashi, 2018). By implementing the final con-
cept solution now, while there are human drivers in the trucks, other road-users would have time 
to build up the trust for the new technology. 

The front projection urges the pedestrian to cross the road but also to be cautious due to the truck‘s 
ability to only be responsible for its own actions, which evaluations pointed out. The intention of 
letting a pedestrian cross the street was decided to be visualized by a projection in the shape of a 
zebra crossing because most people know what the zebra crossing means. The zebra crossing is a 
sign, according to the description by Monö (1997), of which others understand the meaning of 
but not necessarily the reason behind it. Everyone knows what the white stripes on the road mean, 
that it is a place where pedestrians can cross the road, but there are probably not many who know 
why the stripes are white or why stripes at all. The pattern has been accepted by society and is used 
all over the world at pedestrian crossings, also known as zebra crossings. Because of this, the front 
projection was chosen to be a zebra crossing because everyone would be able to interpret what 
is projected no matter the language or culture difference, which is also in line with Monö (1997) 
who says that signs should be unambiguous and designed for easy recognition and understanding. 
By using the projection of an already known sign, it should ease the cognitive process. As Osvalder 
& Ulfvengren (2010) write, perception depends on experience, which means that if a pedestrian, 
who has never encountered a truck equipped with the final concept solution before, meets one, 
this pedestrian would probably not know what to do or what it means. Next time this pedestrian 
encounters a truck with the final concept solution, the pedestrian will know what to do and what it 
means. As Interaction Design Foundation (n.d.b) write, the first, momentary impression will evolve 
and result in a coherent memory, either positive or negative but it will be connected to the situation 
of where the final concept belongs. 

The color of light blue, cyan, was chosen for the front light matrix and front projection because 
it felt most natural after benchmarking for future vehicles, but also to not mix the projection and 
matrix with the regular headlight. Today, the theory is that only white or yellow light is allowed in 
the front of vehicles on the road and only red light is allowed on the back of vehicles, with the only 
exception of white light when required for working, according to the Swedish Transport Agency 

(Transportstyrelsen, 2015). The concept solution of this project is a product of the future, where 
benchmarking has showed that blue lights in the front of autonomous vehicles are common. Fu-
ture Truck 2025 (Mercedes-Benz, n.d.a) can be taken as an example of this with its blue pulsating 
LED mask when driven in autonomous mode. On the other hand, Ford (Automotive World, 2017) 
and RISE Interactive (RISE Interactive n.d.b; RISE Interactive, 2015; RISE Interactive, 2016) use 
white light for their autonomous vehicles in order to show the vehicle intentions, but they have 
chosen to play with the layout and placement of the light and use lights flow instead, which differs 
from today’s conventional vehicles’ lighting. As a conclusion, the rules for vehicle lighting might 
change together with the technical solutions such as autonomous vehicles.

The color choice is important because the color conveys impressions and intentions. If green, it 
could be interpreted as a green, clear signal that it is safe to cross because it gives a similar signal as 
the green traffic lights, as Ryberg (1991a) writes, and also according to the concept evaluations; that 
it is your turn to go. If the projection would be white, it could also be mixed with the American 
traffic lights for pedestrians; that it is okay to walk, as United States Department of Transportation 
- Federal Highway Administration (2009), Levinson (2015) and ITE LED Committee of the Traf-
fic Engineering Council (2010) write. The white projection could also be mixed with the regular 
headlights and thereby not be clear enough what is projected and what is just low beam. The same 
goes for a yellow projection. 

User studies and accident reports such as Volvo Trucks Safety Report 2017 (Kockum et al., 2017) 
showed that severe accidents occur when left-hand driven trucks turn right and when a VRU 
crosses the truck’s path, which also coincided with what truck drivers mentioned as critical situa-
tions. The campaigns of  Volvo (Volvo Trucks, n.d.; Volvo Group, n.d.) were an inspiration to create 
a concept solution for other road-users where focus is on the surrounding road-users and not only 
the driver of the truck. Concepts such as the Smiling Car (Semcon, n.d.), which uses a well-known 
symbol of a smile and Mitsubishi (Mitsubishi Electric Corporation, 2017; Lavars, 2017), which use 
light projection as indicators were also an inspiration due to their ways of showing intentions.

The turning projection urges other road-users to keep their distance from the projected area during 
the time limit that the projection is on. The turning projection was firstly chosen to be dynamic 
and show the current area that the back wheels will cut with the current wheel angle, but this was 
redesigned to a more simple illustration of a rectangular area. This can be supported with what 
Agrawala, Li & Berthouzoz (2011) write about the subway map; that the passengers do not need 
to know the geographical path of the subway, only the stops and transfer points. Other road-users, 
just as the subway passengers, do not need to know the exact area that is crucially dangerous by the 
back wheels cutting corners; they only need to know that they should not be in the projected area, 
for their own safety. 

The automatic brake that is included in the new system for city environment that Bosch (n.d.j) 
write about can reduce or eliminate the accident severity by almost 50 percent. This estimation 
supports the choice of adding the emergency brake level to the turning projection system.

The color of the turning projection was chosen to be a reddish orange color because the color 
spectra of that area is connected to warning and danger and that it activates people. The projection 
color is more red than it is orange because the projection is supposed to be a strong warning signal 
that prevents other road-users from wanting to come too close. Red is the color of power, instinct 
and is activating and revolutionary, according to Ryberg (1991a) and Löfgren (2002). That red ac-
tivates the visual cortex in the brain, as Ryberg (1991a) writes, and trigger the fight-flight response 
(Ryberg, 1991b) in the body qualifies red as the right color for the turning projection, where the 
activation is the wanted response. The activating part of the color is the quality that is required for 
obtaining the right effect of the projection purpose, both for the turning projection and the front 
projection when a car is approaching.
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n.d.) that can select and single out items to illuminate, which could be usable if headlight and 
projection were combined into the same device. For the front projection, this would mean that 
the regular headlight, the low beam, could continue to be on and visible during the projection of 
the zebra crossing, which would mean no deviation or confusion to other road-users apart from 
the additional projection on the ground. The whole interactive system from GestureTek (n.d.), 
Paradiso et al. (2000) and Vertigo systems (n.d.) could possibly be modified to fit this final concept 
solution, especially for the turning projection, to detect, track and give feedback via the projection. 
The modifications would have to regard positioning of sensors and projectors in order to be able to 
detect objects at optimal distances and to project the projection without glare to other road-users 
or become hidden or hindered due to surrounding objects. Another issue regarding the visibility of 
projection during daylight has to be investigated. Possibly, there can be compromises to the design 
of projection on the ground, with the thought that vehicles are more visible with their headlights 
on during daylight, which could be applied to the projection too. 

The connectivity, that Elflein (2014) and Bosch (n.d.b) write about, would support the final con-
cept solution and make it more accurate due to the overall view of where all road-users are, where 
the truck is, what the speed of all road-users are and their planned routes, and thereby be able to 
adjust the traffic flow. If  VRUs could be detected by their smartphones, then the all-knowing sys-
tem would know every road-users’ route, position and speed and with that be able to calculate the 
flow in order to eliminate traffic accidents. The danger with the connectivity is that if something 
goes wrong with the technology, the disaster would be extensive. 

The final concept solution can work as a transition aid for other road-users into the autonomous 
world where the communication with truck drivers becomes exchanged to a communication with 
the truck. At the same time, the amount of accidents can be reduced with the concept solution 
system, especially the severe accidents with VRUs occurring at right turns with trucks. Even though 
the focus of the thesis was on finding a solution where there are human drivers in the trucks, 
benchmarking made it clear that we should take the future into consideration, which means that 
the solution should be adapted for a future without a human driver. This, together with the user 
studies where we found out that the communication with truck drivers is difficult today, lead us to 
take the decision on making the communication regard other road-user to truck instead of other 
road-user to driver. By this decision, the technology trust aspect was also taken into consideration, 
where other road-users can learn how to communicate with the truck while there is a human 
driver inside. The thought was, first of all, to solve the problem of today and find a better way to 
show the truck’s intentions more clearly, and, secondly, use the solution for making the transition 
smoother and possibly make other road-users trust the autonomous vehicles better in the future.

6.2 RELEVANCE
The final concept solution is relevant for the road-users and truck driver due to the improved 
communication and therefore reduced the risk of accidents. The concept helps other road-users 
to understand the truck’s intentions, which was a need in the survey from other road-users. It also 
helps them know and see where to not be when the truck is turning and aids the driver to keep 
track of the other road-users, which was a wish from the interviewed truck drivers. In a larger per-
spective, the concept is relevant for the truck manufacturers due to more “safe” trucks and for the 
society due to fewer accidents related to these accident prone situations. In the long run, this means 
less cost for medical attention and less cost for repairing vehicles or infrastructure. With increased 
communication and knowledge in traffic, the roads become safer.

The physical object or space that Siang (n.d.) writes about is used in the final concept solution by 
projecting a colored area on the ground. The turning projection is a red rectangle on the ground 
next to the truck, projected when the truck drives at low speed and has the direction indicator 
on. This time limit could be connected to what Siang (n.d.) means when writing about the time 
dimension. The front projection could also be connected to this time dimension because it is only 
projected for a certain amount of time, when the driver has decided to wait for a pedestrian to 
cross. The front projection is also a visual representation of an image, a zebra crossing in this case, 
presented on the ground in front of the truck with a certain time limit depending on, today, the 
truck driver.

To notify the driver about interference with the outer turning projection, the notification was 
decided to be given in a HUD. According to research (Jakus, Dicke & Sodnik, 2015; Liu and Wen, 
2004; Liu, 2003), the usage of HUD increases the driving performance by making the driver more 
aware of the surroundings and thereby react faster when necessary, while Green (2008) writes that 
driver assistance systems can distract the driver. This has been taken into consideration by only 
giving visual notification for the driver to be aware when a road-user is close to the turning pro-
jection, due to user studies showing that it is necessary for the drivers to be aware of this area. In 
more critical situations, such as when the wheels are turning, a sound notification has been chosen 
to be added for reducing the driver’s reaction time, which is supported by the research made by 
Jakus, Dicke & Sodnik (2015) who found that audio-visual HUD was the best choice for dynamic 
driving situations. By adding a HUD to the final concept solution, the driver can receive the visual 
notification in a quite simple and easy way compared to if the notification would be an additional 
button or symbol on the dashboard. One possible argument that could be presented against the 
choice of HUD for our concept would be that HUD requires an additional piece of technology 
inside the cab, which could speak for HDD’s advantage due to an infotainment technology that is 
already in place and could possibly be integrated with a HDD. If the cluster or infotainment section 
had been chosen for notification area, it would be disputing the research, which found HDD less 
performance boosting.

The design of the HUD was a design decision made through discussions. Due to the projection 
concept not yet existing, there are no special symbols or indicators for alerting the driver. There-
fore, a new symbol was created, which looks like the turning projection seen from above. The 
color choice was quite simple. The projected area should be the same color as the outer projection 
because it is the projected area on the outside that is important. The truck is solely for the mental 
picture, to make it easier to connect the symbol on the HUD to the projection system.

The choice of having the projection interactive is due to driver assistance systems mainly focuses on 
aiding the driver, not informing other road-users, which was what user studies mainly showed that 
the truck drivers wanted. To use interactive technology for the projection makes it possible to give 
feedback about risky situations to both driver and surrounding road-users. Distraction of drivers is 
often mentioned as the cause of many accidents (NHTSA, 2015; Vegega, Jones, & Monk, 2013) and 
NHTSA (2015) have developed a guide for reducing drivers’ distraction, which is another assist to 
drivers, but other road-users, such as pedestrians, can also be distracted (Kockum et al., 2017) and is 
just as dangerous. This is another reason for why the concept solution with the turning projection 
is aimed towards making other road-users aware. The technology for the system can be inspired by 
the research made by Paradiso et al. (2000) and be combined with different sorts of sensors, radar 
and LiDAR (The Bureau of Meteorology, n.d.; Stevenson, 2016; Bluesky, n.d.; microsonic, n.d.). 
Before the technology is chosen, there has to be a consideration regarding what the aim is, about 
the autonomy level of the vehicle and the surroundings. 

The technology for the front projection regarding combining headlights and projectors can be 
a solution to look further into due to the diversity of application. Benchmarking has shown that 
there are smart, adaptive headlights (Audi, n.d.; Tamburo et al., 2014; Audi, 2013; Mercedes-Benz, 
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7.  Conclusions
The objectives and aims introduced in the beginning of the project will be presented in this chapter, 
together with the answers to the research questions. 

7.1 PROJECT OBJECTIVES AND AIMS
As stated earlier in the report, the project aim has been to investigate the visual communication 
between truck drivers and fellow road-users in order to understand what kind of information the 
drivers need for the communication in typical driving situations. The aim was also to use this un-
derstanding to find a solution to improve the communication and to evaluate the solution with 
end users.

The project has reached the aims where the communication needs and wishes of truck drivers 
and other road-users have been investigated and found through user studies and research. Typical 
driving situations where truck drivers have to be more alert were declared by truck drivers in the 
user studies and verified by other road-users in the survey. A solution that could work as a com-
munication aid for the situations has been developed and evaluated by two truck drivers and two 
other road-users.

7.1.1 RESEARCH QUESTION 1
The first research question was as followed:

•  Which situations are considered as critical, e.g. situations where accidents happen and require  
   more attention, and what are the communication needs in relation to those situations?

The answer to this research question is based on the user studies where truck drivers mentioned 
critical situations, and other road-users verified them.  According to the user studies, the truck 
drivers mentioned six situations as situations where they need to be more alert because of the oc-
curance of accidents. These situations were roundabouts, when changing lanes, in traffic jams, when 
coming down a hill to an intersection, at intersections where there are many different types of 
road-users and when turning right. The other road-users mentioned the situations of turning trucks 
and roundabouts as critical, according to the survey. The situations and the comments from the user 
studies were compared to the accident statistics from Volvo Trucks Safety Report 2017 (Kockum et 
al., 2017) and two situations were chosen to focus on during the project with emphasis on VRUs 
due to the high accident rate for these two situations; the turning truck and intersection when a 
VRU crosses the truck’s path. 

In the critical situations the communication needs are to clearly show the intentions and where 
they are. The truck drivers said that they want to show their intentions to the other road-users 
clearly and that they want to get the same from other road-users. Other road-users want to know 
if they have been seen and show where they are and what their intentions are. The communication 
methods in these situations are mostly through seeking eye contact but according to the comments 
in the survey and in the interviews with the truck drivers, it is difficult to obtain a sufficient con-
firmation via eye contact. The difficulties for the truck driver were mentioned as that VRUs are too 
interested in their phones and do not seem to seek the eye contact confirmation. The difficulties for 
the VRUs were mentioned as that it is difficult to actually see the driver in the cab. 

The resulting answer to this research question would be that there are many situations in traffic that 
are critical in one way or the other, but the important needs are to clearly show the intention of 
each road-user and where they are.

6.3 REFLECTION
The whole project process could have been much more structured and efficient and have had a 
more even flow if the critical steps, such as coming in contact with companies, had been eliminated. 
The project area felt large and difficult to get a grip of in the beginning because there were many 
possible angles to explore in order to make a decision of which path to take. Because of this, the 
project start-up took too much time due to the extensive pre-study of researching the whole area 
of trucks, traffic and accidents and also the time consuming problem of finding trucking companies 
to co-ride with. The foundation for the overall project area became quite solid due to the broad 
research, but it might have been easier to grasp if the project area had been narrower or restricted 
to certain traffic situations. The efficiency could probably have been increased if more time and 
resources could have been invested into the project by stakeholders such as trucking companies 
and Volvo. Thereby time spent on waiting for others’ responses for user studies and feedback could 
have been reduced.

An additional, or a further developed result might have been possible if the project process had been 
more efficient. Due to the two thesis workers not knowing each other or each other’s qualities and 
strengths before the project started, the cooperation was partially comprimised, due to the lack of 
structure, which could also be a contributing factor to the project flow. None of the students was 
used to take the lead and no one had experience of leading a project before. 

The final concept solution is only evaluated by two truck drivers and two non-truck drivers, which 
does not verify the concepts to a trustworthy level. It would be ideal to create prototypes to test 
the concept solution in real environment to see if road-users understand the concept in the right 
context. 

We chose to not develop the concept to only fit the two truck models that were given in the de-
limitations of the project description, because the needs found in the user studies made it more 
relevant to find a solution to an overall truck. The delimitation of focusing on trucks with human 
drivers was also stretched in order to create a solution that would not be limited to today, but to be 
able to work as a communication aid in the future as well.
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lights for the projection need to be investigated regarding positioning and intensity and be tested 
for optimal projection without flickering. The usability and design of the additional button for the 
driver to activate the zebra crossing projection, and if the functionality should be available for the 
turning projection too, would also be a topic of further development. 

The technologies of object detection and tracking sensors and projectors to be used in the concept 
solution need further investigation, modification and development to adapt the currently available 
technologies to this particular usage. Before the technology is chosen, it needs to be decided what 
technology level the final concept solution should have, regarding how exact the measurements of 
the sensor technology should be.  As a start, Radar, which is used in driver assistance systems, would 
be a recommendation to use for this concept solution. It might need modification depending on 
the desired accuracy level. The HUD that Continental have developed for trucks could also be a 
good solution to combine with the final concept solution, but there has to be an additional mod-
ification to the technology in order to make it possible to present the HUD on the side window.  

The focus of the project has only regarded the visual modality, but in situations that are considered 
very critical, sound has been decided to be added. This sound needs to be investigated and designed 
in order to be ergonomic and informative. People with reduced visual capacity have to be consid-
ered when further developing the concept. In that case, additional, special designed sound might 
be a good idea. If sound is added on the outside of the truck, the sound ergonomics need to be 
considered, as well as the sound environment.

7.1.2 RESEARCH QUESTION 2 
The second research question, with sub questions, was as followed:

• How can visual communication aids be designed to support drivers’ communication needs?
 o What visual communication technology is available today, and how will future technology 
    affect visual communication?
 o What sort of information is suitable to be communicated visually?

We answered this question with the help of benchmarking and by developing a concept solution to 
support the truck drivers’ need of showing intention of turning and areas where other road-users 
should not be. Other road-users seek eye contact with the truck driver and the truck driver seeks 
eye contact with other road-users. The problem is that the other road-users said in the survey that it 
is difficult to see the truck driver and thereby difficult to get eye contact with the driver. As a result 
of this, we draw the conclusion that eye contact might not be the best communication method in 
which to foucs. This is why the speed indication in the front grille shows the truck driver’s inten-
tion of slowing down or speeding up, which satisfy the wish from other road-users to more clearly 
see the truck’s intentions. The front projection shows the driver’s intention of letting a road-user 
cross the street and the turning projection shows the intention of turning and areas where other 
road-users should not be close to. 

Benchmarking showed that the available visual communication aids for the found needs are mini-
mal. To show intention of turning, the direction indicators are the only thing. Most systems that are 
available on the market are for the driver, to aid the driver in various situations. The benchmarking 
gave the indication that there are no system for other road-users to understand the truck and the 
truck drivers’ intentions.  According to benchmarking, the future seems to be electric vehicles, 
autonomous vehicles and connectivity, where everything is connected to each other. This meant 
that our concept solution should take this future into consideration, so the solution can work even 
when the world starts changing into vehicles without drivers and where everything is synchronized 
together. If the vehicles are autonomous, there will not be a driver to seek eye contact with, which 
means that the way people communicate in traffic today will have to change. This makes it inevita-
ble to lay focus on developing a communication means that will work in the future, as well as today 
and maybe even create a bridge between today and tomorrow. 

What is suited to be presented visually is information that needs to be communicated but is not 
critical. Something that is communicated visually today could also be what should be communicat-
ed visually in the near future because people are used to certain ways today. According to the user 
studies, communication ways today between truck drivers and other road-users are often visual, 
which means that that sort of information should continue to be presented visually in the closest 
future as well. Unless the information that needs to be communicated is highly important or crit-
ical, it should be presented in a visual way, which is why the final concept solution added sound 
notification at the higher priority levels, before the emergency brake.

7.2 RECOMMENDATIONS
The recommendation is to further investigate legislation and regulations about the usage of colors, 
projection and additional lights on vehicles in traffic environments. User tests and evaluations with 
prototypes should be done in order to make a trustworthy and accurate design, which obtains the 
sought reactions. 

In further development it should be decided at what level the solution should be and take the 
autonomous levels into consideration. The turning projection levels need further investigation of 
what distances and speeds are suitable. The interactive projection needs to be further developed re-
garding when it is appropriate to start being interactive and at what frequency it should blink. The 
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 Appendix A: Gantt chart

Introduktion / Introduction 
 

Namn / Name 

Ålder / Age 

Längd / Height 

Kön / Gender 

Använder du glasögon när du kör? (närsynt, långsynt, bifokal) / Do you use glasses while driving? 
(Short-sighted, far-sighted, bifocal?) 

Hur ofta kör du lastbil? / How often do you drive a truck? 

Hur länge har du varit lastbilschaufför? / How long have you been a truck driver? 

Vad har du för körkortstyp? (högsta) / What driver’s license do you currently have? (state highest) 

Hur många kilometer kör du årligen? (ungefär) / How many kilometers do you drive per year on 
average? (estimate) 

Vilka typer av fordon kör du vanligtvis? (märke, lastbilsstorlek/modell) / What types of vehicle do you 
normally drive? (brand, truck size/model) 

Beskriv en typisk dag som lastbilschaufför / Describe a typical day as a truck driver 

Vad är svårast med att vara lastbilschaufför? / What is most difficult with being a truck driver? 

Omgivning / Surrounding 
 

Var kör du mestadels? I stadsmiljö? Vägarbetsområden? Beskriv områdena du ofta kör i. Vad Tänker 
du om skillnaderna mellan dessa områden? / Where do you usually drive? In the city? In construction 
sites? Describe a bit about these places. How do you think of the difference? 

Hur skulle du beskriva medtrafikanterna, såsom fotgängare, cyklister, mc-förare, bilförare? Vad skulle 
du vilja säga om dem? / How do you describe other road-users, such as pedestrians, cyclists, 
motorcycles, cars? What would you say about them? 

Som lastbilschaufför, vilken/vilka situationer anser du som mest “farliga”? Varför? / As a truck driver, 
which situation do you consider as the most ”dangerous”? Why? 

Använder du dig av annan typ av transport, tex bil, cykel…? Hur uppfattar du kommunikationen i det 
läget, när du inte kör lastbil? Tror du att ditt yrke som lastbilschaufför har någon effekt å dig själv 
som skiljer sig från andra medtrafikanter? / Normally, do you take other transportation on the road? 

Appendix B: Interview questions (1/2)



How’s the feeling, when you are not driving a truck? Do you think your occupation as a truck driver 
has any effect on yourself which differ you from other people/drivers? 

Har du, eller någon du känner, varit med om en trafikolycka involverande en lastbil? Om ja, förklara 
vad som hände. / Have you, or someone you know, been in a traffic accident involving a truck? If yes, 
explain what happened. 

RQ1: What sort of information do the drivers need to communicate 
with other fellow road-users? 

Hur kommunicerar du som lastbilsförare med andra vägtrafikanter? Förklara / 
How do you, as a truck driver, communicate with the fellow road-users? Explain 
 
Tycker du att kommunikationen fungerar bra? Varför/varför inte? / 
Do you think the communication works well? Why/why not? 
 
Anser du att kommunikationen du använder är tillräcklig? Varför/varför inte? / 
Do you feel that the communication you use is enough? Why/why not? 
 
Vad tycker du om den visuella kommunikationen med omgivningen när du kör lastbil? Med 
medtrafikanter? Oskyddade trafikanter? Vid vägarbeten? / 
What do you think about the visual communication with the surroundings when you drive your 
truck? With fellow road-users? Pedestrians? In construction sites? 
 
Finns det situationer då du känner att du inte kan se tillräckligt? Förklara / 
Are there any situations where you feel you don’t see enough? Explain 
 
Finns det situationer då du känner att du får för mycket information? När? Förklara / 
Are there situations where you feel you get too much information? When? Explain 

RQ 2: What visual communication technology is available today and 
how will the technology develop in the future? 
 
Har du tillgång till tekniska hjälpmedel i lastbilen? Vilka? Använder du dig av dem? / 
Do you have access to technical aids in the truck? Which ones? Do you use them? 

RQ 3: What sort of information is suitable to be communicated 
visually? 
 
Vad skulle du vilja ha, för att öka den visuella kommunikationen, om allting var möjligt? / 
What would you want, in order to improve the visual communication, if anything was possible? 
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User Studies  
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Truck Driver Gender Age Truck Model Driving 
License 

Trucking Business 

1 Female ~ 30 Scania P310 C, CE  
1,5 years 

Distribution 

2 Male 27 Volvo FL CE 
7 years 

Distribution 

      
3 Male 44 Scania P360 BE, C, CE, DE 

17 years 
Hook Lift 

4 Male 57 Scania All kinds of 
license 

25 years 

Hook Lift 

      
5 Male 41 Scania P320 C, CE 

7-8 years 
Waste Truck 

6 Male 53 Volvo FM 320 C 
33 years 

Crane Truck 

      
7 Male 49 Volvo FMX 500 C, CE 

28 years 
Construction 

8 Male 45 Volvo CE 
2 years 

Construction 
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Communication Between Trucks and You
 
A truck driver manoeuvres a large vehicle and sits high up from the road. Trucks can cause severe 
damage in accidents and therefore it is very important with the communication between truck drivers 
and other road users. The project we are working on has the aim to improve this communication. 

No matter if you are a pedestrian, a cyclist/moped rider, a motorcyclist or a car driver, your opinion is 
valuable. 
Together, let's go for a safer and more efficient traffic!

Estimated time to complete the survey: 10-15 minutes

Thank you in advance! 
// Emma and Wei 

*Obligatorisk

Fortsätt till frågan 1.

Who are you?

1. Gender *
Markera endast en oval.

 Female

 Male

 Prefer not to say
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2. Age *
Markera endast en oval.

 < 20

 20 - 29

 30 - 39

 40 - 49

 50 - 59

 60 - 69

 > 70

3. Would you like to answer as a... (Choose the alternative you are most often in traffic) *
Markera endast en oval.

 Car Driver Fortsätt till frågan 4.

 Motorcyclist / Moped Rider over 25 km/h, maximum 45 km/h Fortsätt till frågan 44.

 Cyclist / Moped Rider under 25km/h Fortsätt till frågan 74.

 Pedestrian Fortsätt till frågan 104.

Situation A - Roundabouts
You answer as a Car Driver.

You are driving in a roundabout. Beside your car, in the outer
lane, is a truck.

Appendix D: Survey questions (2/45)



 Appendix D: Survey questions (4/45)

2018-01-07 Communication Between Trucks and You

https://docs.google.com/forms/d/1KNRMTOkLkD7FM4SwASuRwFQe5rYE4AFnYLo7Zf2oPvA/edit 4/45

7. A4: In order to smoothly pass around the roundabout, you probably need to receive some
information from the truck driver. Please rank the information from 1(the most important)
to 4(the least important). *
Markera endast en oval per rad.

1 2 3 4

If the truck driver sees me
Which exit the truck is going to
take
The distance I should keep from
the truck
If the truck driver wants to change
lanes

8. A5: Any other information you would like to receive from the truck driver?
 

 

 

 

 

9. A6: In order to smoothly pass around the roundabout, you probably need to convey some
information to the truck driver. Please rank the information from 1(the most important) to
4(the least important). *
Markera endast en oval per rad.

1 2 3 4

Where I am
My current speed
If I want to change lanes
Which exit I'm going to take

10. A7: Any other information you would like to
convey to the truck driver?

11. A8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5

Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at the truck's direction
indicators
Gestures
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4. A1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

5. A2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

6. A3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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14. B1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

15. B2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

16. B3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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12. A9: Is there any other method you use to communicate with the truck driver in this
situation?
 

 

 

 

 

13. A10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 14.

Situation B - A possible lane changing
You answer as a Car Driver.

You are driving on a two-laned road when you catch up with a
truck which seems to be changing lanes in front of you.
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22. B9: Is there any other method you use to
communicate with the truck driver in this
situation?

23. B10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 24.

Situation C - Traffic Jam
You answer as a Car Driver.

You are in a hurry. Traffic is slow and your car is crawling
forward, side by side with a truck. The truck seems to have
some space ahead.
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17. B4: To pass efficiently without driving into the truck , you probably need to receive some
information from the truck driver. Please rank the information from 1 (the most important)
to 5 (the least important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's speed before/after
lane changing
If the truck is going to change
lanes
The distance I should keep from
the truck
Where the truck plans to go

18. B5: Any other information you would like to
receive from the truck driver?

19. B6: To pass efficiently without driving into the truck, you probably need to convey some
information to the truck driver. Please rank the information from 1(the most important) to
5(the least important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck
Where I am
My current speed
Which direction I'm going to
If I'm going to stop/slow down

20. B7: Any other information you would like to convey to the truck driver?
 

 

 

 

 

21. B8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5

Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at truck's direction indicators
Gestures
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27. C4: To avoid conflicts with the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 4 (the least
important). *
Markera endast en oval per rad.

1 2 3 4

If the truck driver sees me
Where the truck plans to go
The distance I should keep from
the truck
If the truck driver wants to change
lanes

28. C5: Any other information you would like to receive from the truck driver?
 

 

 

 

 

29. C6: To avoid conflicts with the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 4 (the least
important). *
Markera endast en oval per rad.

1 2 3 4

Where I am
My current speed
Which direction I'm going to
If I want to change lanes

30. C7: Any other information you would like to convey to the truck driver?
 

 

 

 

 

31. C8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom *
Markera endast en oval per rad.

1 2 3 4 5
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at truck's direction indicators
Gestures
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24. C1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

25. C2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

26. C3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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34. D1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

35. D2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

36. D3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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32. C9: Is there any other method you use to communicate with the truck driver in this
situation?
 

 

 

 

 

33. C10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 34.

Situation D - Intersection
You answer as a Car Driver.

You want to turn left in an intersection. A truck comes down a
hill from the left.
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42. D9: Is there any other method you use to communicate with the truck driver in this
situation?
 

 

 

 

 

43. D10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 144.

Situation A - Roundabouts
You answer as a Motorcyclist or a Moped Rider over 25 km/h under 45 km/h.

You want to turn left, so you are driving your motorcycle in the
inner lane of the roundabout. A truck is entering the
roundabout in the outer lane as shown below.
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37. D4: To avoid conflicts with the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
If the truck is going to stop/slow
down
Braking distance of the truck
Where the truck plans to go

38. D5: Any other information you would like to receive from the truck driver?
 

 

 

 

 

39. D6: To avoid conflicts with the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 4 (the least
important). *
Markera endast en oval per rad.

1 2 3 4

If I see the truck coming
My current speed
Which direction I'm going to
If I am going to stop/slow down

40. D7: Any other information you would like to convey to the truck driver?
 

 

 

 

 

41. D8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at truck's direction indicators
Gestures
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47. A4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 6 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5 6

If the truck driver sees me
The truck's current speed
If the truck is going to slow down
or speed up
Which exit the truck is going to
take
If the truck driver wants to change
lanes
Braking distance of the truck

48. A5: Any other information you would like to receive from the truck driver?
 

 

 

 

 

49. A6: To avoid conflicts with the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 6 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5 6

If I see the truck coming
Where I am
My current speed
If I'm going to slow down or speed
up
Which exit I'm going to take
If I want to change lanes

50. A7: Any other information you would like to convey to the truck driver?
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44. A1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

45. A2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

46. A3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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54. B1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

Appendix D: Survey questions (18/45)

2018-01-07 Communication Between Trucks and You

https://docs.google.com/forms/d/1KNRMTOkLkD7FM4SwASuRwFQe5rYE4AFnYLo7Zf2oPvA/edit 17/45

51. A8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at truck's direction indicators
Gestures

52. A9: Is there any other method you use to communicate with the truck driver in this
situation?
 

 

 

 

 

53. A10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 54.

Situation B - Traffic Jam
You answer as a Motorcyclist or a Moped Rider over 25 km/h under 45 km/h.

You are in a hurry. Traffic is slow and you are crawling forward
on your motorcycle, side by side with a truck. The truck seems
to have some space ahead.

Appendix D: Survey questions (17/45)
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59. B6: To avoid conflicts with the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 4 (the least
important). *
Markera endast en oval per rad.

1 2 3 4

Where I am
My current speed
Which direction I'm going to
If I want to change lanes

60. B7: Any other information you would like to convey to the truck driver?
 

 

 

 

 

61. B8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5

Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at truck's direction indicators
Gestures

62. B9: Is there any other method you use to communicate with the truck driver in this
situation?
 

 

 

 

 

63. B10: In this situation, do you think the communication between you and the truck driver is
enough today?
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 64.

Situation C - Intersection
You answer as a Motorcyclist or a Moped Rider over 25 km/h under 45 km/h.
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55. B2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

56. B3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

57. B4: To avoid conflicts with the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 4 (the least
important). *
Markera endast en oval per rad.

1 2 3 4

If the truck driver sees me
Where the truck plans to go
The distance I should keep from
the truck
If the truck driver wants to change
lanes

58. B5: Any other information you would like to receive from the truck driver?
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65. C2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

66. C3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

67. C4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
If the truck is going to slow
down/speed up
Braking distance of the truck
Where the truck plans to go

68. C5: Any other information you would like to receive from the truck driver?
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64. C1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

You want to turn left. A truck is coming down a hill from the
left.
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74. A1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

When you encounter a truck at a complicated intersection. You
want to go straight. The truck wants to turn right, and thereby
cross your path.
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69. C6: To avoid conflicts with the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 4 (the least
important). *
Markera endast en oval per rad.

1 2 3 4

If I see the truck coming
My current speed
Which direction I'm going to
If I'm going to slow down or speed
up

70. C7: Any other information you would like to convey to the truck driver?
 

 

 

 

 

71. C8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5

Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Using my direction indicators
Look at truck's direction indicators
Gestures

72. C9: Is there any other method you use to communicate with the truck driver in this
situation?
 

 

 

 

 

73. C10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 144.

Situation A - Intersection
You answer as a Cyclist or a Moped Rider under 25 km/h.
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79. A6: To avoid getting hit by the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck coming
Where I am
My current speed
Which direction I'm going to
If I am going to stop/slow down

80. A7: Any other information you would like to
convey to the truck driver?

81. A8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Using my arms as direction
indicators
Other gestures

82. A9: Is there any other method you use to
communicate with the truck driver in this
situation?

83. A10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 84.

Situation B - Truck Turning
You answer as a Cyclist or Moped Rider under 25 km/h.

When a truck seems to be turning in an intersection, crossing
your path.
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75. A2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

76. A3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

77. A4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
Braking distance of the truck
Where the truck plans to go
If the truck is going to stop/slow
down

78. A5: Any other information you would like to
receive from the truck driver?
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85. B2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

86. B3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

87. B4: To avoid conflicts with the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
Where the truck plans to go
If the truck is going to stop/slow
down
The distance I should keep from
the truck

88. B5: Any other information you would like to
receive from the truck driver?
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84. B1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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94. C1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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89. B6: To avoid conflicts with the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck turning
Where I am
My current speed
Which direction I'm going to
If I am going to stop/slow down

90. B7: Any other information you would like to
convey to the truck driver?

91. B8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Using my arms as direction
indicators
Other gestures

92. B9: Is there any other method you use to
communicate with the truck driver in this
situation?

93. B10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 94.

Situation C - Crossing the Road
You answer as a Cyclist or a Moped Rider under 25 km/h.

When you are crossing the truck's path.

Appendix D: Survey questions (29/45)



 

2018-01-07 Communication Between Trucks and You

https://docs.google.com/forms/d/1KNRMTOkLkD7FM4SwASuRwFQe5rYE4AFnYLo7Zf2oPvA/edit 32/45

99. C6: To avoid getting hit by the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck coming
Where I am
My current speed
Which direction I'm going to
If I am going to stop/slow down

100. C7: Any other information you would like to
convey to the truck driver?

101. C8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 5, where 1 is the one you use most often, and 5 is
seldom. *
Markera endast en oval per rad.

1 2 3 4 5
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Using my arms as direction
indicators
Other gestures

102. C9: Is there any other method you use to
communicate with the truck driver in this
situation?

103. C10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 144.

Situation A - Intersection
You answer as a Pedestrian.

When you encounter a truck at a complicated intersection.
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95. C2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

96. C3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

97. C4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
If the truck is going to stop/slow
down
Braking distance of the truck
Where the truck plans to go

98. C5: Any other information you would like to
receive from the truck driver?
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105. A2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

106. A3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

107. A4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
Where the truck plans to go
If the truck is going to stop/slow
down
Braking distance of the truck

108. A5: Any other information you would like to
receive from the truck driver?
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104. A1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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114. B1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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109. A6: To avoid getting hit by the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck coming
Where I am
My current speed
Which direction I'm going to
If I am going to stop/slow down

110. A7: Any other information you would like to
convey to the truck driver?

111. A8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 4, where 1 is the one you use most often, and 4 is
seldom. *
Markera endast en oval per rad.

1 2 3 4
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Gestures

112. A9: Is there any other method you use to
communicate with the truck driver in this
situation?

113. A10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 114.

Situation B - Truck Turning
You answer as a Pedestrian.

When a truck seems to be turning in an intersection, crossing
your path.
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119. B6: To avoid getting hit by the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck turning
Where I am
My current speed
Which direction I'm going to
If I am going to stop/slow down

120. B7: Any other information you would like to
convey to the truck driver?

121. B8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 4, where 1 is the one you use most often, and 4 is
seldom. *
Markera endast en oval per rad.

1 2 3 4
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Gestures

122. B9: Is there any other method you use to
communicate with the truck driver in this
situation?

123. B10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 124.

Situation C - Crossing the Road
You answer as a Pedestrian.

When you are crossing the truck's path
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115. B2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

116. B3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

117. B4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
Where the truck plans to go
If the truck is going to stop/slow
down
The distance I should keep from
the truck

118. B5: Any other information you would like to
receive from the truck driver?
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125. C2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

126. C3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

127. C4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
If the truck is going to stop/slow
down
Braking distance of the truck
Where the truck plans to go

128. C5: Any other information you would like to
receive from the truck driver?
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124. C1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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134. D1: How pleasant are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9
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129. C6: To avoid getting hit by the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck coming
Where I am
My current speed
Which direction I'm going to
If I am going to stop/slow down

130. C7: Any other information you would like to
convey to the truck driver?

131. C8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 4, where 1 is the one you use most often, and 4 is
seldom. *
Markera endast en oval per rad.

1 2 3 4
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Gestures

132. C9: Is there any other method you use to
communicate with the truck driver in this
situation?

133. C10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 134.

Situation D - Hidden Truck
You answer as a Pedestrian.

You are about to cross the street. A bus blocks most of your
view. You don't know there is a truck coming behind the bus.
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139. D6: To avoid getting hit by the truck, you probably need to convey some information to the
truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If I see the truck coming
Where I am
My current speed
My direction
If I'm going to stop

140. D7: Any other information you would like to
convey to the truck driver?

141. D8: Please rank the following communication methods by the frequency you use them in
this particular situation from 1 to 4, where 1 is the one you use most often, and 4 is
seldom. *
Markera endast en oval per rad.

1 2 3 4
Eye contact through the windows
of the truck
Eye contact via the mirrors of the
truck
Look at truck's direction indicators
Gestures

142. D9: Is there any other method you use to
communicate with the truck driver in this
situation?

143. D10: In this situation, do you think the communication between you and the truck driver is
enough today? *
Markera endast en oval.

1 2 3 4 5

No Yes

Fortsätt till frågan 144.

Improvements
Now we want to know about the problem areas in communication with a truck, so we get a hint of 
what we need to improve.

144. 1: What is difficult in the communication with a truck? *
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135. D2: How active/quiet are you feeling in the situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

136. D3: How much in control are you feeling in this situation? *

Markera endast en oval.

1 2 3 4 5 6 7 8 9

137. D4: To avoid getting hit by the truck, you probably need to receive some information from
the truck driver. Please rank the information from 1 (the most important) to 5 (the least
important). *
Markera endast en oval per rad.

1 2 3 4 5

If the truck driver sees me
The truck's current speed
If the truck is going to stop/slow
down
Braking distance of the truck
Where the truck plans to go

138. D5: Any other information you would like to
receive from the truck driver?
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Tillhandahålls av

145. 2: Which part(s) of the truck do you think needs improvements for a better
communication? Why? *
 

 

 

 

 

146. 3: Please describe how a perfect communication would be like, if anything was possible.
The description does not have to take the technology of today into account, think new,
think freely *
 

 

 

 

 

Fortsätt till frågan 147.

Almost done

147. Comments about the survey (optional)
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Scenario 2: Truck in roundabout with car 
It’s Friday, 4 o’clock in the afternoon, and Charlie is on his way home from work. He is tired and 
wants to get home as soon as possible to his children for the weekend. He enters the roundabout 
in his car and wants to turn left. A truck pulls up on his right side.  
 
Peter is on his way back towards his last stop of the day before the weekend. He has been on the 
road distributing goods since 6 o’clock this morning. He is going to cross the roundabout and 
keep to his right in order to give space to the car on his left.  
 
1:  

Charlie tries to hurry past the truck in the roundabout but ends up driving beside it. The 
truck’s trailer gets closer, too close. 

 
Peter wonders where the passenger car went, he thought he had one on his left when he 
was about to enter the roundabout. He don’t know where the car is until the trailer is too 
close to it. 

 
2: 

Peter enters the roundabout and keeps to his right side in order to not cut the inner lane 
too much. He has manually activated the projection to show others where the truck will 
need space. 

 
Charlie wants to pass the truck in the inner lane but sees the projection on the ground in 
front of his car, projected from the truck. He does not want to interfere with whatever 
the projection means, so he stays behind, creeping slowly after the truck, but in the inner 
lane of the roundabout.   

 

  

Appendix F: Scenarios (2/4)

Scenario 1: Turning truck and cyclist 
 
It’s 8 o’clock on a Tuesday morning in the city. Peter drives his truck towards the next stop and 
has to take a right turn into a street leading to a restaurant’s garbage container. When closing in 
on the intersection, he checks the mirrors if the route is clear for a right turn, turns on the 
direction indicators and checks the mirrors once more and starts turning.  
 
Elisabeth is on her way to work. She’s a bit late so she pedals her bike as fast as she can along the 
cyclist lane. At the intersection in front of her she just notices the truck starting to turn, crossing 
her route.  
 
1: 

Peter turns and while doing so, he notices the cyclist right by the right side of the cab, 
way too close.  

 
Elisabeth has too high speed. She did not see that the truck would turn until she was too 
close. 

 
2: 

When Peter turns the wheels in order to turn, a projection lights up an area on the 
ground outside the truck. The projection covers the area where the back wheels will cut 
the corner, and therefore is unsafe to be in.  

 
Elisabeth has a very high speed, but when the projection lights up the ground in front of 
her, she notices the truck’s intentions to turn. She lowers her speed to a stop, outside the 
projected area.  

 
Peter sees the cyclist in mid-turn. He sees the cyclist keeping its distance to the projected 
area, so he uses the projection in the front grille to show that he has seen her and lets her 
pass.  

 
Elisabeth waits for the truck, unsure of whether the truck driver has seen her or not. 
When the lights in the front of the truck projects a zebra crossing, she understands that 
the truck will let her pass first, so she continues her ride to work.  

 
Peter sees the cyclist pass, and he can continue towards the next stop of his route. 
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Scenario 4: Truck comes down a hill with car 
It is Monday morning and Peter is on his way back to a construction site in the city center where he is 
going to unload the gravel he just picked up. The rural road Peter is traveling on goes down a hillside 
and further down is an intersection where a car approaches the rural road, which has the priority. 
The truck Peter drives is heavy and the road is a little slippery from the morning frost. 

Charlie lives just outside the city center and is on his way to work. He closes in on the intersection to 
the bigger road and sees a truck approaching from far up the hill. Charlie thinks that his car is much 
faster than the truck, so he will hurry to enter the road before the truck has reached the intersection. 

1. Charlie makes it to the intersection before the truck and he estimates that he can manage to 
enter the road in front of the truck in time, without interference with the truck. Charlie had 
not thought about that the truck is faster than a car when it comes down the hill. He did not 
take the truck’s weight into consideration, or the slippery road. Charlie is halfway on the 
main road when the truck is too close. 
 
Peter continues down the hill and sees the car on its way to enter the main road. Peter tries 
to slow down when he sees the car trying to hurry in front of the truck, but the asphalt is 
slippery and Peter can’t do anything. 
 

2. Charlie approaches the intersection to the main road and sees the truck coming down the 
hill. He wonders if he can manage to enter the road before the truck and sees the lights flow 
in the truck’s grille. The lights flow is constant flowing from the bottom upwards and a 
volume indicator for increasing volume comes to Charlie’s mind. Charlie decides to wait for 
the truck and soon he realizes how fast the truck approaches and understands that he would 
never have made it before the truck.  

 

Appendix F: Scenarios (4/4)

Scenario 3: Pedestrian crossing truck’s path  
It is Tuesday afternoon and school is over. Elsa is on her way home and walks on the sidewalk next to 
a road, listening to music when the sidewalk is interrupted by a crossing road. Elsa needs to cross the 
road when a truck appears.  

Peter is also on his way back to with the truck in order to finish a little earlier today. He closes in on 
an intersection where he sees a girl approaching the intersection on the sidewalk.  

1. Elsa continues towards the intersection to show that she wants to cross the street and she 
knows that she has the priority over the truck but she also knows that it is not certain that 
the truck driver sees her. She stops just at the edge of the sidewalk, unsure of if the truck 
driver has seen her and will stop, even though the truck’s speed has reduced. She looks up 
on the windshield, trying to seek eye contact with the driver. She can’t see the driver so she 
waits.  
 
Peter has seen the girl and begins to slow down. He sees that she stops half way through a 
step, seeming unsure. He slows down even more and seeks eye contact with the girl, which 
does not seem to know where he is inside the cab. He waves for her in order to show that 
she can cross the street and after a while she seems to understand and crosses. 
 

2. Elsa approaches the crossing street and sees the truck coming towards the intersection. She 
sees the lights flow in the grille flowing downwards and understands that the truck is slowing 
down.  
 
Peter sees the girl at the intersection and he intends to let her cross the street. He slows 
down and stops in front of her so she can pass. He pushes the button to project the zebra 
crossing.  
 
The lights flow changes direction to a horizontal flow and Elsa looks up to the windshield for 
seeking eye contact. She can’t see the driver, but sees the projection of a zebra crossing 
projected on the ground in front of the truck and she understands that it is for her. She 
crosses the street. 
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