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Sammanfattning 
En lyckad kravhanteringsprocess är A och O för en lyckad produktutveckling. 
Kravhantering består av aktiviteter som ska se till att det som utvecklas verkligen 
stämmer överrens med kunders krav och förväntningar. Kravhanteringsprocessen 
behöver ständigt ses över, för knappt en sjättedel av alla innovationer erbjudna av 
biltillverkare och leverantörer köps av kunder, och hela 40 procent av bilindustrins 
R&D utgifter går till projekt som misslyckas att uppfylla kunders önskemål (Oliver 
Wyman, 2007). 

Syftet med detta examensarbete är att analysera hur kravhantering balanserar 
utvecklingsprocessen för Human-Machine Interface (HMI) design på ett företag aktivt i 
transportindustrin. I denna rapport ska resultat, slutsatser och förslag på hur 
förbättringar skulle kunna ske presenteras.  

Vår analys baseras på litteraturforskning, externa intervjuer samt interna intervjuer med 
utvecklare och direktörer på studerat företag. 

Som resultatet av detta arbete presenteras iakttagelser på studerat företag och relevant 
forskning skriven i litteratur. Analysen från intervjuerna avslöjade tre utmaningar för 
företaget: (1) otillräcklig kvalitet på krav, (2) svårigheter i att finna alla dokumenterade 
krav som rör HMI design, och (3) indata i lösningar missas. Om detta inte tas itu med 
kan det resultera i ökade utvecklingskostnader för företaget och att slutgiltig HMI 
design innehåller brister. Som ytterligare resultat presenterar vi även två 
lösningsförslag. Det första är en kartläggningsansats för att förbättra samarbetet mellan 
utvecklingsteam för HMI design. Den andra syftar till att skapa en mekanism så att 
information sprids inom företaget. 

Vi anser att resultatet av detta examensarbete är en bra grund för framtida arbete. Syftet 
med de två lösningsförslagen är att skapa ett mer dynamiskt och balanserat samarbete 
mellan utvecklingsteam. Med effektiv kommunikation i detta tvärvetenskapliga 
utvecklande så finns stor potential för att skapa en lyckad och kunduppskattad HMI 
produkt. 
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Abstract 
Practising Requirements Engineering is vital for R&D companies since it addresses 
activities needed to create the right customer- and organization oriented requirements 
and the follow up of these requirements. Constant improvement of Requirements 
Engineering is important as barely one sixth of all innovations offered by auto 
manufacturers are actually bought by the customers and close to 40 percent of R&D 
expenses in the automotive industry go to projects that fail because of weak customer 
acceptance (Oliver Wyman, 2007). 

Therefore, the purpose of this thesis is to analyse how Requirements Engineering is 
balancing the Human Machine Interface design process. The objective is to present 
findings, conclusions and improvement proposals.  

The analysis is based on literature research, external interviews, and interviews and 
workshops with design teams and managers at studied company.  

As a result of this master thesis we present findings from studied company and from 
literature. Our interview analysis revealed three challenges that the studied company are 
facing; (1) inadequate quality of requirements, (2) difficulty to find all documented 
requirements regarding HMI, (3) missing input. Not addressing these challenges can 
result in increased development costs for the company, and inadequate HMI design 
solutions and HMI product. Furthermore, we present two improvement proposals that 
address presented challenges and their root causes. The first proposal is a mapping 
approach to create effective collaboration between development teams for HMI design, 
and the second proposal is to create a mechanism for information communication. 

We believe that the results presented in this master thesis report are a good foundation 
for future work. The purposes of the two presented improvement proposals are to create 
a more dynamic and balanced collaboration between teams. With effective 
communication for interdisciplinary development, the HMI product will achieve a high 
customer value and customer satisfaction. 
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1 Introduction 
This introducing chapter describes the problem area and its context. It will provide the 
reader general insights on the concerning areas: customer focused development, 
Requirements Engineering and Human-Machine Interface (HMI) design. Subsequently 
the master thesis scope and delimitations will be presented, and why the thesis was 
initiated.  

1.1 Problem Description  
Every organisation is dependent on upon its customers. Despite the financial objectives, 
the purpose of an organisation is to fulfil customer needs, and in return customers make 
it possible for the company to achieve business aims. With today’s technologies and 
production capacity the market is flooded with products that compete for customers’ 
attention and money. A company may know how to make things, but without knowing 
what to make they will not survive in the competitive market. To focus on customer 
needs is essential for the success of a company (Wellings et al, 2009).  

Still, only 17 percent of innovations offered by vehicle manufacturers are bought by the 
customer (Oliver Wyman, 2007). One obvious reason for that is that manufacturers and 
suppliers fail to meet the needs and expectations of the customers. Innovation strategies 
must reflect the trends that today, and in the future, will affect the vehicle. Published in 
Oliver Wyman Journal (Oliver Wyman, 2007, 1b), infotainment and connectivity 
address several predicted technological trends e.g. increasing demand for mobility, 
connectivity and simplicity, as well as increasing demand for safety. It means 
applications and systems that are interacting with the driver will continue to influence 
customer buying patterns. As a consequence of the increased number of indicators and 
displays on the dashboard; Human-Machine Interface design (HMI design) will grow 
even more in importance. Through a HMI design, human and machine meet and interact 
with each other during a given task. For transport industry, it’s essential that 
information is presented and exchanged between driver and vehicle in an efficient and 
intuitive way. 

Full-sized organizations with complex product development and distinct separation of 
labour need agreed and structured methods for communication, decision making and 
development in order to secure projects success (Hood et al, 2008). The process of 
developing products that in the end shall fulfil customer expectations involves many 
steps. For example, the initiating one: identifying customer needs and expectations, and 
industrial constraints. Furthermore, the information of what to develop and how must be 
spread in the company and communicated to all related development teams in the 
development process, and solutions must be synchronized. Therefore, practising 
Requirements Engineering is vital since it addresses the activities needed to create the 
right customer- and organization oriented requirements as well as activities that ensure 
that requirements remain valuable throughout a project. It is the process of eliciting, 
documenting, organising and tracking of requirements and of communicating this 
information across various stakeholders and project teams (OGC, 2009).  

HMI is an interdisciplinary field and consequently in developing processes the divisions 
of responsibilities encompass several functional teams, e.g. software development, 
physical instrument panels and ergonomically constraints. Moreover, development 
involves several systems and subsystems, which means that requirements and solutions 
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constantly need to be balanced through iterations. Because of this complex set of 
development, the HMI design process is very dependent on having a successful process 
methodology. To benefit the most from Requirements Engineering, the process of how 
HMI design and Requirements Engineering are balanced need to be explored. 

1.2 Problem Context  
The studied company in this master thesis is organized in an international business and 
consists of multiple product areas and several supporting business units by which 
efficient utilization of worldwide expertise is ensured. The company is a leading 
supplier for commercial transport solutions and works closely to their customer, 
delivering products for transport industry.  

The transport industry has grown significantly through the last decade (United States 
Department of Labor). This increase covers transport modes such as water, road, air and 
rail. It is a result of factors e.g. globalization, economic, socioeconomic and improved 
living quality of the civilisation. People are in need of transportation to bring in exotic 
vegetables and fruits to enlarge the assortment in department stores; an electronic 
distributor delivers the ordered goods to your door by air; products manufactured in 
China are selling worldwide. Without transports, the world would not function 
normally. 

With increased utilization of transportation, problems are induced. Growing crash 
statistics shows increased financial and social costs on global and national economies.  
A World Health Organization report of road traffic injury prevention reveals that nearly 
90% of road crashes caused by human error (WHO, 2004).  Despite this, human 
behaviour is determined by individual knowledge and skills; it is also affected by the 
environment in which the behaviour takes place (WHO, 2004). Therefore, the Human-
Machine Interface design is essential for preventing road crashes and minimizing driver 
distraction. 

1.3 Scope of Master Thesis 
This subchapter presents the scope of the thesis. We start with introducing why the 
thesis was established followed by the purpose and objective as well as delimitations of 
the thesis. 

1.3.1 Background  
The HMI design development organization at the studied company has a very large and 
complex structure. The involved engineers from different development teams have 
increased significantly as the HMI design has become more complex for the transport 
industry. Since Requirements Engineering is one essential activity that each engineer 
has to get involved with during HMI design process, it is of importance to investigate if 
the HMI design process is balanced with Requirements Engineering at the company. 
Therefore the master thesis was established.  

1.3.2 Purpose and Objective 
In this master thesis an analysis of how HMI design is balanced with Requirements 
Engineering at an automotive company will be presented. The balancing of 
Requirements Engineering in this master thesis is referred to the iterative process where 
the requirements are modified and agreed by various stakeholders. We’ll therefore 
describe: 
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1) How HMI related customer needs/company strategies are broken down into 
targets and requirements, as well as how the requirements are validated/verified. 

2) How changes in targets are synchronized with the HMI design process and 
respectively how changes in HMI design are synchronized with requirements. 

3) The biggest challenges in balancing HMI design and Requirements Engineering. 

4) Related findings from research and literature study. 

5) Improvement proposals for some of the presented company’s challenges in this 
thesis.   

The objective of this master thesis is to present an analysis of how HMI design is 
balanced with Requirements Engineering at the company. This includes presenting 
findings from the studied company and findings from literature research. Interesting 
findings outside the thesis scope will be handed over as open issues. Furthermore, the 
objective is to present conclusions and improvement proposals. Thus, no solutions in 
this thesis will be provided. Analysis and findings from this thesis will be used as a 
foundation for further studies and to provide solutions for the company’s challenges. 

1.4 Delimitations 
Human-Machine Interface is an interdisciplinary area that covers several industries, 
processes, companies and individuals. Therefore this thesis will not embrace the entire 
extent of HMI design. Regarding HMI, no investigation on how to develop a “good” 
HMI based on ergonomically and human factors aspects are considered. The analysis of 
the developing process does not include the studying of communication and 
synchronization with aftermarket services or suppliers. HMI design development is 
much about software development, but this thesis work does not include any deeper 
analysis of the processes or methods of software development. 

To clarify, “HMI design” in this thesis scope refers to the process of developing a 
Human-Machine Interface. It is an iterative process that includes the balancing of both 
restrictions from the technical requirements and HMI design solution itself.  
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2 Methods 
This chapter describes how the execution of the thesis was planned and how this thesis 
work was coordinated, in order to satisfy the objective of the thesis. 

2.2 Project Management  
The 20 weeks available for executing this master thesis were divided into six execution 
blocks (Figure 2.1). Since the initial problem description was too broad to define a 
specified problem from, the master thesis was initiated by a pre-study phase consisting 
of interviews and a concise study of relevant literature. Subsequently, the scope of the 
thesis was defined based on the knowledge obtained from the activities in the pre-study. 
During the interview block, the master thesis involved several channels for inputs. 
Interviews were performed at the studied company to map the current HMI design 
process by identifying stakeholders, work responsibilities and the HMI design 
inputs/outputs at distinct process levels. A workshop with participants from interviews 
was held to discuss the collected material and to improve analysis results. The internal 
analysis at the company was balanced with a literature study and external interviews 
involving research of HMI technology and future trends concerning HMI-design. 

               
Pre-Study              Conclusions                 Interviews                           Scope  &                                 Workshop &     Literature     

 

Figure 2.1   Scheme of the execution of the master thesis. 

2.3 Pre-study 
The purpose of the pre-study was to identify which part of the company to focus on in 
the thesis work regarding HMI design process and Requirements Engineering. It was 
used to define the master thesis scope. Since the initial outline of the thesis was 
relatively broad, information of backgrounds, circumstances and needs for improved 
Human-Machine Interface design process at the studied company needed to be 
identified. Therefore five weeks of work was distributed to this part.  

The methods applied on the pre-study for collecting information were open interviews 
and literature studies. Through literature research, common challenges, current trends 
and dissimilar approaches for HMI design were reviewed, which built a good 
foundation on the subject HMI before the interviews with the company began.  

Subchapter 2.3 (interviews) describes the interview strategy that we chose throughout 
this master thesis. In total, five interviews were conducted in the pre-study phase with 
representatives from three different business areas within the company. The 
questionnaires were designed as open and general questions concerning the HMI design 
development and Requirements Engineering in order to find out what difficulties that 
exist during development of HMI designs in different business areas at the studied 
company. The results and conclusions of pre-study are presented in Appendix 1. 

           Planning                                  Feedback        Research                          
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2.4 Interviews  
An interview is a formal discussion where information is exchanged between two 
parties consisting of interviewers and interviewees. An interview process methodology 
presented by Eva-Lotta Sallnäs (2007) was used in this thesis. The process consists of 
nine steps which are described below. 

Step 1. Create a problem definition 
The problem definition is presented in line with master thesis scope in chapter one. 

Step 2. Specify and concretize what information that needs to be collected 
Due to situation, different types of interview methods are preferable. In this project the 
goal with the interviews was to collect information concerning the way of working and 
difficulties and to identify improvement areas. Accordingly the questions were derived 
from our master thesis scope and allowed an open answer from the respondents. 

Step 3. Decide selection of interviewees 
In total, 34 people were interviewed; 26 were employed at chosen product development 
organization in the company, five at another business unit in same company, and three 
external researchers closely familiar with HMI design in the automotive industry. This 
is illustrated in Figure 2.2.  

 
Figure 2.2   The number of interviewees placed in the business context where they are 

active.  

To obtain a holistic view a fairly wide selection of respondents were chosen with 
representatives from different disciplines as well as work positions. The strategy was to 
identify key-players “along the way” whereas interviewees were asked who they 
thought could contribute to this thesis. Figure 2.3 illustrates the final selection of 
interviewees. 

 
Figure 2.3   Interviewees at studied business unit. 
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Step 4. Form a plan for the interview 
As mentioned above, the questions were determined based on our master thesis scope 
and allowed an open answer from the respondents. Some questions listed below were 
consistent in the questionnaire and asked to all respondents, e.g.  

• How are you involved in the development process of HMI design? 

• How do you ensure that customer focus is obtained? 

• How is HMI design verified? 

• What is the biggest challenge that you encounter when participating in the HMI 
design development process? 

Then there were tailored questions based on the work discipline and the position of the 
respondent.  

Step 5. Carry out data collection 
The interviews were located in the respondent’s environment and participants at each 
interview were two interviewers and one/two respondents. The interviews were 
managed so that one interviewer led the interview while the other took notes. 

Step 6. Transcribe 
The interviews were not audio recorded and therefore there was no formal transcription. 
Instead each interview was summarized, based on the written notes. 

Step 7. Analyze 
Figure 2.4 shows the analysis methodology presented by Sallnäs (2007) that was used 
as a guideline for the analysis. 

Data reduction 

Form dimensions 

Inspect conclusions 

Search for patterns 

Data collection 

Figure 2.4   Sallnäs (2007) illustration of an analysis methodology that was used as a 
guideline for the analysis of collected data. 

Data collected from interviews was reduced for the first time when the interviews were 
summarized. After that the data was categorized in expressed -challenges, -requests, -
complaints, and -improvements. To form dimensions and search for patterns, expressed 
problems were grouped department-wise and organized in areas and subareas. For 
example, the area “Requirements Engineering” was divided into subareas such as 
requirements specification, requirements tools. The area “Development Process” had 
subareas such as communication, time plan and decision making. This created an 
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overview of frequently expressed challenges and similar difficulties, as well as an 
overview of common challenges at the diverse departments.  

Step 8. Interpret the result  
To inspect conclusions identified problem were separated into symptoms and their root 
causes. The conclusions were presented at a workshop, and received feedback was used 
to interpret the result and improve the collected analysis data further.  

Step 9. Report 
Findings from interviews are presented in chapter 4, Result: State of Practise, and 
findings from the literature research in chapter 5, Result: State of the Art. 

2.5 Workshops  
The purpose of the workshop, as mentioned above, was to discuss and confirm the 
material collected from interviews at studied product development organization and to 
improve the material for further analysis. A workshop is an effective way to get 
feedback on the material from people with diverse experience and knowledge at the 
same time. Everyone that had participated in prior interviews at studied product 
development organization was invited to take part in the workshop. Figure 2.5 shows an 
illustration of attendances at the workshop.  

 
Figure 2.5   Attendances at the workshop. 

2.6 Literature Study 
The internal study at the company was balanced with literature study. The objective of 
this study was to understand the problem context and examine subjects regarding thesis 
scope “Balancing HMI design and Requirements Engineering”. Relevant research 
articles provided an understanding of what general challenges the automotive industry is 
facing and what the industry is doing to cope with the challenges. 

14 
 



3 Theory 
This chapter provides readers the theory behind the two main areas in this master 
thesis, namely Requirements Engineering and HMI design. A theory section about 
Systems Engineering (SE) is also added to this chapter as Requirements Engineering is 
a sub discipline of SE.  

3.1 Requirements Engineering 
This objective of this subchapter is to describe Requirements Engineering. Therefore, 
this subchapter starts by defining the term “requirement” and a brief description of the 
importance of requirements as a tool in development processes. After that, 
Requirements Engineering will be explained. 

3.1.1 What Is a Requirement? 
To fully understand the processes that encompass requirements, the term requirement 
itself must be explained. A requirement states something that the product should fulfil 
in order to be successful on the market (Stechert et al, 2008). The IEEE definition of the 
term requirement is following; 

1) A condition or capability needed by a user to solve a problem or achieve an 
objective. 

2) A condition or capability that must be met or possessed by a system or system 
component to satisfy a contract, standard, specification, or other formally 
imposed document. 

3) A documented representation of a condition or capability as in (1) or (2). 

Robertson (2006) describes that requirements can be differentiated into functional 
requirements and non-functional requirements. Those of functional character are 
essential and fundamental for the existing of the product, and express the main task, i.e. 
what the product must do. Non-functional requirements describe the qualities and 
features needed in the product, and accordingly control the usability of the product. The 
properties described by non-functional requirements can involve look and feel as well as 
security and legal restrictions. Robertson (2006) also illustrates how these requirements 
can vary by three examples. The first one is an example of a non-functional requirement 
critical to the product’s success; the second is a requirement that enhances the product 
and the third to make the product usable: 

Ex. 1) The product shall be able to determine “friend or foe” in less than 0.25 
second. 

Ex. 2) The product shall be recognized as an Atlantic Systems Guild product. 

Ex. 3) The product shall be able to be used by travelers in the arrivals hall who do 
not speak the home language. 

Most often these requirements are determined by the functional requirements of the 
product. To avoid the influence of requirements on the design of a solution they are 
usually expressed in a technological and neutral way. “A requirement is a pure 
statement of business needs” (Robertson, 2006). Techniques applied to generate 
requirements can be interviews, brainstorming, questionnaires and quality function 
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deployment (OGC, 2009). In information technology, requirements are often 
distinguished by functionality, usability, reliability, performance and supportability. In 
mechanical engineering a usual approach is to differentiate requirements as fixed, 
limited or desired requirements (Stechert et al, 2008). 

3.1.2 Why Use Requirements? 
Requirements are used to handle complex technical ideas. Human communications are 
imprecise and it is nearly impossible for us to understand each other completely. Young 
(2004) associates it with the game called “Whispers”, in which a statement is passed 
forward by whispering it from one’s ear to another’s. After a few transfers, it is most 
likely impossible to recognise the origin statement as a completely new one has been 
formed. Thereby, Young (2004) concludes that requirements can be described as a form 
of communication between humans, used to transfer complex ideas from one mind to 
another. 

In addition, Young (2004) presented three essential roles of requirements.  

• Contractor tool 

• Configuration management tool 

• Engineering tool 

First, the role of a contractor tool is the most commonly understood purpose. Hence, 
requirements define the technical scope and a development contract is agreed by the 
contractors. This role is of major importance in a legal context and can determine the 
adjudication result. Second, requirements contain a role as configuration management 
tool as they control the configuration definition. Requirements define the configuration 
of the systems due to their exact form and relationship to each other. Third, 
requirements have an important role as engineering tool. Young (2004) declares that 
requirements are most powerful in an engineering context, as they are a communication 
tool between members of development teams. Requirements serve the describing and 
understanding of operational needs, and capture decisions regarding technical solutions, 
defining product architecture and verifying completion of product. 

3.1.3 Requirements Engineering Introduction 
Requirements Engineering is practised in every organization that is offering a product or 
a service. All organizations have a relationship between customer and contractor, and 
customers pay the contractor for a product or service to satisfy the needs (Hood et al, 
2008). The RE process is essential through all development phases to keep the goals of 
the project as it enforces that information is captured, stored, managed and disseminated 
(OGC, 2009). Requirements Engineering is frequently mentioned in the context of 
software development, since software developer cannot model a computer program 
without understanding what to model.   

Implementing Requirements Engineering is essential for organizations which expand 
rapidly, and whose products increase in complexity, resulting in more distinct 
separation of labour. The need for agreed structured methods and processes is vital. In 
small enterprises that develop rather simple products the teams can work tight together, 
escaping communication problems or coordination difficulties, and can therefore 
manage the development more easily (Hood et al, 2008).  
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Results in surveys enhance the importance of Requirements Engineering, especially in 
software development. The OGC (2009) presents a general survey based on 
approximately 300 projects from car manufacturing, telecoms and aerospace industries. 
The result of the survey indicates that management and requirements issues are the 
major causes for project failures. The OGC (2009) also refers to a research done by the 
Swedish Group describing that 31 % of software projects are cancelled before the 
product is delivered, and 53% of projects exceed planned budgets up to costing 189%. 
Also revealed is that poor requirements cause 40-60% of the software defects and 
failures. 

3.1.4 Definition  
Requirements Engineering is the process concerned with “understanding what you 
intend to build before you’re done building it” (Wiegers, 2000). There exist diverse 
opinions of what the accurate definition is. In this thesis, the illustration provided by 
Wiegers (2000) will be used. As illustrated in Figure 3.1 Requirements Engineering 
consists of the two sub-disciplines: Requirements Development and Requirements 
Management. 

 
Figure 3.1   Requirements Engineering is defined to consist of the two sub disciplines 

Requirements Management and Requirements Development (Wiegers, 2000). 

The effort to find out what actually shall be built is termed Requirements Development, 
while the effort to ensure that the data is structured systematically, communicated to all 
stakeholders and kept up to date over the product lifecycle is termed Requirements 
Management. Thus, Requirements Development addresses the activities needed to 
create the right, customer- and organization oriented requirements. This is done by 
producing and analysing customer, product, and product-component requirements 
(Hood et al, 2008). 

Requirements Management is the process that supports the development of 
requirements and manages modification, configuration and traceability of requirements. 
Activities concerning modification and configuration of requirements involve agreeing 
upon and documenting a process of how to submit changes, evaluate changes and 
decide upon changes. When requirements are iteratively being modified and refined, the 
original requirements evolve and are sometimes also transformed or become 
recombined (Wiegers, 2000). Traceability is about structuring requirements to assure 
that the right product is built. Each individual requirement shall be traceable to its 
original customer need, to the detailed product solutions and to the verifications means 
(Wiegers 2000). 
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3.2 Systems Engineering 
Requirements Engineering is a sub discipline of Systems Engineering. Similar with RE, 
Systems Engineering is an interdisciplinary approach which focuses on attaining a 
holistic perspective early in the development cycle and to provide a product that meets 
the user needs. That by early defining customer needs and required functionality. 
Systems Engineering considers both business and technical needs of all stakeholders 
and integrates interdisciplinary teams in all development phases (INCOSE). 

The approach of Systems Engineering is to manage a complex set of interacting 
components or systems and to control that the overall design, implementation and 
integration meet the needs of all users (Sydenham, 2004). Complex projects consist of 
numerous essential activities upon which the success of the project is depended. 
Categorizing these activities into different process areas (see Figure 3.2) eases the 
complexity, as well as facilitates labour optimization since suitable expertises can be 
administered to each process area.  

 
Figure 3.2   One approach of Systems Engineering is to separate complex projects into 

process areas. 

3.2.1 Breakdown of Requirements 
The Systems Engineering V-model (Figure 3.3) describes how customer needs ideally 
are broken down into requirements, evolved and verified. The user needs and 
expectations are defined on the upper left side of the “V”, followed by a break down of 
requirements; from stakeholder targets to precise component requirements. 
Verifications activities supporting each defined development level are shown on the 
right side of the “V”. 
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Figure 3.3   The System Engineering V-model. 

First, project prerequisites, often expressing project targets, are translated into product 
requirements. Together the requirements express the Product Architecture. Based on 
product requirements, systems requirements are created and the procedure continues to 
detailed requirements for component development. When requirements are distributed 
and defined at system and component level, the solutions are balanced to an agreed 
solution concept. At a certain development phase, the prerequisites for the project are 
frozen, and an agreed concept solution defined through iterations and negotiation should 
exist. 

The verification activities are illustrated in the right side of the “V” in Figure 3.3 above. 
Components are verified through documented component requirements, as well as 
developed systems are verified in the same way, by using documented system 
requirements. The result of the actual developed system can then be determined. 
Product verification is done based on the product requirements and at last delivered 
product is reviewed and evaluated through all stakeholders’ targets expressed in project 
prerequisites. 

3.3 HMI Design 
The term Human-Machine Interface is essential for this thesis; the entire subchapter is 
for gaining knowledge of HMI design and related areas, in order to understand the 
balancing of HMI design and Requirements Engineering for the analysis. Therefore, this 
chapter starts to introduce definitions of Human-Machine Interface and related areas. 
Main challenges of HMI designs that exist in today’s automotive industry will be 
presented. Moreover, HMI trends chapter will present where HMI design is heading in 
the future and which future HMI technologies that possibly will be applied in 
automotive industry. Finally, the chapter ends with a brief introduction of user-centred 
design and describes the reason why many product developers use this approach at 
elicitation of new products.  

The HMI design for this thesis work covers both definitions of Human-Machine 
Interface and Human Machine Interaction. Human-Machine Interface design is often 
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referred to the physical designs of a user interface e.g. buttons, displays and controllers, 
which serves the information exchange between human and machine. Whereas Human 
Machine Interaction concerns how communication between human and machine is 
carried out.  

3.3.1 Definitions 
Human-Machine Interface 

Human-Machine Interface is a complex discipline that challenges numerous of 
industries. A noticeable phenomenon is the number of various definitions of HMI. As 
nowadays HMI is being used in everyday life through diverse products, it becomes 
more complicated because this term is used to describe both the function and the 
physical appearance of the product.  

HMI has existed as long as humans have been in the position of operating a device 
through a user interface, even though the interface only might have consisted of a few 
controllers or a knob. One precise descriptions of HMI which is considered as the 
definition of Human-Machine Interface in this thesis were mentioned by Baumann and 
Lanz as well by Charwat (EU-OSHA, 2009). They describe that HMI serves for the 
information exchange between human and machine and is a part of the electronic 
machine or device. Furthermore a HMI consists of three elements; operating elements, 
displays and inner structure. The operating elements deliver information from the 
user/operator to the machine via for instance push buttons, switches and adjusting 
knobs. Displays, i.e. graphic displays, illustrate and transfer information about the 
machine to the user/operator. The inner structure of a HMI includes both hardware and 
software e.g. electronic circuits and computer programmes (EU-OSHA, 2009). 

However, there is lack of a universal definition for Human-Machine Interface. 
Depending on the classes of industries, processes and organizations the definition 
differentiates. Additional HMI definitions can be found in Appendix II. 

Human Machine Interaction 

The term Human Machine Interaction is strongly related to Human-Machine Interface. 
The abbreviations of both terms are HMI, but the meanings are not equivalent. The 
definition of Human Machine Interaction was introduced by Lalanne and Kohlas 
(2009), who claimed: “Human Machine Interaction (HMI), or more commonly Human 
Computer Interaction (HCI), is the study of the interaction between people and 
computers. It is an interdisciplinary field, connecting computer science with many other 
disciplines such as psychology, sociology and the arts.”  

The major difference between these two HMIs can be described as Human-Machine 
Interface focuses on the physical platform through which human interacts with the 
machine, whilst Human Machine Interaction concerns how communication and 
integration between human and machine take place. When humans and machines 
interact, they relate to and affect one another. In this context, humans can only interact 
with machines through physical input devices, such as buttons, key-broad, computer 
mouse, or touch screen. When machines respond the users’ inputs, information can be 
delivered right back to the user visually e.g. pictures and characters, acoustically e.g. 
verbal or nonverbal or physically e.g. vibrations. However, the interaction between 
humans and machines is limited since human has natural intelligence, which allows 
human to react and interpret situations according to circumstances. Most machines on 
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the other hand do not have the ability to adapt to unforeseen conditions. For instance, 
software cannot be designed for machines to adapt to the given situation and react 
similar to a human. Therefore humans tend to get frustrated when computers or 
machines cannot communicate in the same way as they do (European Agency for Safety 
and Health at Work, 2009). 

Usability  

Another related area is usability. The International Engineering Consortium (IEC, 2007) 
describes that the acceptance of the user interface can be predicted through the 
effectiveness of HMI designs. A number of components are being considered when 
measuring the effectiveness of HMI, such as learnability and productivity. These 
components are classified under the category of usability. 

As far as consumers are concerned, the HMI design is the product that the user 
experiences. User-centred design is an essential factor to the success of Human Machine 
Interfaces design. A poorly designed HMI could cause unnecessary economic lost; a 
badly designed HMI could initiate catastrophic human errors through confusion, 
misleading presentation of information, or misinterpretation.   

“Usability” is defined in the norm ISO 9241-115 as the “extent to which a product can 
be used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use" (IEC, 2007). Thus, as it’s mentioned by the 
European Agency for Safety and Health at Work (EU-OSHA, 2009), usability is an 
essential part of (cognitive) ergonomics and applicable to HMI design which allows 
humans to interact with machine in an effective, efficient and satisfying way claimed by 
Sarodnick & Brau (2006).  

3.3.2 Main Challenges in the Automotive Industry 
The vehicles that people drive today are not the same as twenty years ago. A car is not a 
vehicle that only performs its primary task as means of transport. Nowadays, numerous 
tasks, communication or experiences can be executed and perceived via the vehicle. The 
vehicle has become more personal than ever. More people are familiar with situations as 
multitasking both for business and personal purposes (Figure 3.4). Call a friend while 
driving the car; find the right turn-off while trying to put on some pleasurable music. 
People are doing more than just drive while driving due to social stress. 

. 

Figure 3.4   Multitasking while driving. (iStockphoto.com) 
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The rapid development of technology has resulted in that various products are being 
delivered to the market in a short period of time. It is apparent that the amount of 
electronic control systems on the dashboard are increasing, ranging from intuitive driver 
assist systems to comfort enhancing applications. Entertainment systems and nomadic 
devices such as navigation systems and mobile phones are just some of the emerging 
functions that today are accessible to the driver. The increasing amount of messages 
generated from each system sets even more demands on the driver. A safety 
disadvantage of this situation is that each user interface is designed by individual 
supplier and many new devices have become standard equipments, see Figure 3.5. The 
traditional methods of ensuring the safety of the vehicle and equipment through 
regulation are being challenged. There are no mandatory guidelines or standards to 
confirm that every design has been developed with concern to distraction (Pickering et 
al, 2007).  

 
Figure 3.5   Various user interface of navigation guidance by different supplier. 

(Garmin.com Nüvi, Panasonic.com GP50) 

One of the challenges as a consequence of above-mentioned fast development of 
technology is the need of the automotive industry to take control over the impact on 
safety generated by portable devices (SBD, 2006). Since lack of standardization and 
guidelines on HMI design for electronic devices, vehicle manufactures need to find a 
way to cope with the emerging number of equipments in vehicle in order to minimize 
driver’s workload and distraction. To succeed, it requires an intelligent electronics 
integration to enhance the reliability of the system. To control these applications an 
effective and efficient Human-Machine Interface is needed (Frost & Sullivan research, 
2009). 

There are two main approaches that vehicle manufactures have launched in the design 
of in-vehicle information systems (Comunicar 2005). The first one, additive approach, 
involves the operating of a specific input/output (I/O) per each provided function. The 
main advantage of this approach is a direct and easy access to the involved function. 
The main disadvantage would be the emerging amount of controls which deteriorates 
driving safety. The second one, integrated approach, aims to handle several functions by 
a small amount of controls. Through this integrated design a simpler dashboard is 
provided to the driver. On the other hand, this leads vehicle manufactures to face an 
additional challenge of having a complex homogeneous Human-Machine Interface, 
where the key point is to retain the easiness for accessing the various functions. 
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Unfortunately the second approach has not solved the negative impact on driving safety 
which could be caused by such system. 

Vehicle manufactures invest a great amount of resources to develop and design the most 
sophisticated in-vehicle systems for their customers. In the meanwhile, an increased 
awareness of minimizing the negative impact on safety is rising. The challenge for 
vehicle manufactures is to design equipment with Human-Machine Interface that is 
simple and intuitive to use, and at the same time attractive and affordable for the 
customer (Mecel news, 2007) (SBD, 2006). A published report from SBD in 2006 
pointed out that a number of different approaches had been adopted and all were well-
reasoned. For instance, a driver-forced HMI for operating the embedded systems, 
clustering controls on and around the steering wheel and increasing information volume 
in the instrument cluster display.  However, not all yet succeeded fully in addressing all 
key issues.   

The challenge for OEMs (Origin Equipment Manufacturer) is to keep developing an 
innovative and affordable HMI solution due to the limitation of standardization of 
output options through legislation. As many HMI developers provide several output 
solutions to the customer, the learning curve for the customer to adapt to the new 
systems will increase due to ineffective user interface. This may have an affect on 
customer’s perception and attitudes in a negative way. For instance, the safety 
application Blind Spot Detection (BSD) transfers the information to the driver through 
visual output either on the A-pillar, see Figure 3.6, or on the exterior rear view mirror 
(ERVM), see Figure 3.7.  

Figure 3.6   Volvo Cars Blind Spot Information System (BLIS) on A-pillar. 
(canranddriver.com) 

 
Figure 3.7   BMW Active blindspot detection on exterior rear view mirror (BMW 7 

Series). 
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In addition, SBD completed an analysis of the HMI trends and solutions that have been 
implemented or are under development by automotive industry (SBD, 2006). The study 
proves that, not only do most of today’s HMI designs fall short in striking the right 
balance between safety and functionality;  none of those present or future technologies 
are likely to achieve significant improvements. The analysis indicates that the future 
design of HMI tend to get more complex for the driver.  

3.3.3 HMI Trends 
Human-Machine Interface will possibly play an essential role in brand differentiation 
and continue to influence consumers buying patterns (Frost & Sullivan research, 2009, 
1a). To obtain the uniqueness, each brand should ideally have a different look and feel. 
This causes increased complexity and costs for vehicle manufacturers.  

HMI trends are focused on the design and solution on central controllers and touch 
screens (SBD, 2006). BMW was first to introduce the central controller concept, while 
Lexus launched the touch-screen technology. These approaches have reduced the 
amount of buttons on the dashboard and have been adopted by a number of brands. But 
none of the two concepts have limited the driver from operating the control system 
while the vehicle is in motion. It is probably risky to perform any tasks on the system 
since the driver is likely to detract from concentration on the road ahead.  

To make the system safe to operate, vehicle manufacturer chose a new approach to the 
interior design so that the information can be displayed closer to the driver’s normal 
line-of-sight, see Figure 3.8.  

 
Figure 3.8   Dashboard and instrument cluster design of BMW close to the driver’s 

normal line-of-sight (BMW 6 Series Convertible). 

The following three main solutions have been implemented due to the new approach of 
re-designing the dashboard among vehicle manufacturer: 

1. Positioning the display higher on the dashboard. 

2. Duplicating the information in the instrument cluster. For instance, by using 
central display, information from navigation guidance, audio, parking assistant 
and night vision image can be displayed and presented to the driver. 

3. Head-up Displays (HUDs), see Figure 3.9. 
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Figure 3.9   Head-up Display that BMW offers the customer (BMW 6 Series 

Convertible). 

Vehicle manufacturers have seen potentials in future technologies for HMI. The vehicle 
tomorrow may benefit from advanced technologies, such as line-of-sight switches 
which respond to the direction of driver’s eyes on a system menu; Finger-writing 
recognition, which the drivers use to input navigation destinations, texts or emails by a 
sensitive pad; Virtual keyboard, which can be projected on to a flat surface. For output, 
technology such as Organic Light-Emitting Displays (OLEDS) is more flexible and 
versatile than current LCD solution. 

3.3.4 User-Centred Approach in HMI Design 
The best way to meet the customer needs is to understand the user entirely. As 
mentioned in “definitions”, the term “user-centred design” has been adopted to the HMI 
design process to fulfil customer needs. User-centred design (UCD) is an approach to 
design that grounds the process in information about the end-user. With the user in 
focus, UCD processes include planning, design and development of a product. These 
design processes describe how and when the end-user influences in a design of a 
product.  

The involvement of the users varies in user-centred design. For instance, some types of 
UCD engage users in defining their needs and involve them at a specific time during the 
design processes, typically during requirements gathering and user validation. Others 
may allow even more influence from the user and permit the user to assist the designer 
through the entire design process as a partner. 

In the article “User-Centred Design” (Abras, 2004), it was mentioned that the term 
“user-centred design” was first being introduced to the public in 1980s by Donald 
Norman and this design philosophy has become popular since the publication of a co-
authored book entitled: User-centred system Design: New Perspectives on Human-
Computer Interaction. In one of his most celebrated books, The Psychology of Everyday 
Things, Norman built further on the user-centred design concept. In the book, he 
mentioned the importance of involving the user during a design process and the 
usability of the design. There are four recommendations presented on how a design 
should be (Norman, 1988): 

1. Make it easy to determine what actions are possible at any moment. 

2. Make things visible, including the conceptual model of the system, the 
alternative actions, and the results of actions. 

3. Make it easy to evaluate the current state of the system.  
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4. Follow natural mappings between intentions and the required actions; between 
actions and the resulting effect, and between the information that is visible and 
the interpretation of the system state.  

The result of putting users at the centre of a design is that the user should be able to 
make use of the product as intended and with a minimum effort to learn how to use it. 
The design should be intuitive for the user; a long instruction manual is not an attribute 
for user-centred design.  

Many methodologies of user-centred design that are implemented today are expanded 
versions of an international standard. The ISO standard13407: human-centred design 
process, defines a general process for managing human-centred activities throughout the 
life cycle of a computer-based interactive system (UPA, 2009). The objectives of UCD 
according to ISO standard were defined as “enhancing effectiveness and efficiency, 
improving human working conditions, and counteracting possible adverse effects of use 
on human health, safety and performance” (UPA, 2009). In this model, see Figure 3.10, 
the design process initiates by identifying the need for using a human-centred design.  

Identify need for 
human centred 

design 

 

Figure 3.10   ISO standard 13407: human-centred design process. 

Once this task is complete, there are four main activities that support the design-cycle: 

1. Specify the context of use 
Indentify the consumer whom will make use of the product, what they will use it for, 
and under which condition they will use it for. 

2. Specify requirements 
Indentify any business requirements and user needs that the product must fulfil in order 
to be successful. 

Evaluate 
designs 

Produce design 
solutions 

Specify 
requirements 

System satisfies 
specified 

requirements 

Specify context of 
use 
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3. Create design solutions 
This part of process should be iterative, building from a rough concept to a complete 
design. 

4. Evaluate designs  
To evaluate the result of the design solution – ideally through usability testing with real 
users - is as important as quality testing is good to software development. 

The process ends and product can be released once the requirements are met.  

This model presented above is ideal. In practise, the process is never a waterfall. The 
development is iterative, changes in customer needs or requirements affect the design 
decision of HMI as HMI design decisions and constraints limits the technical 
requirements. The requirements and results are refined through iterations. Therefore this 
balancing between requirements and HMI design is essential. 

The major deviation from other interface design philosophies is that user-centred design 
is aimed at optimizing the user interface according to the ability and the need of the 
user, rather than forcing the user to adjust his/her behaviour to accommodate the 
software development approach.   
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4 Result: State of Practise 
This chapter presents findings from the interviews and the workshop. First, the result of 
the analysis outlines how customer needs are broken down into requirements, evolved 
and verified at the studied company. Subsequently, findings related to HMI design, 
Requirements Development and Requirements Management from the real case study 
are illustrated.  

4.1 General RE Process in Practise 
This subchapter starts by defining terms that will be used frequently to describe the 
general Requirements Engineering process at studied company. Then, the result from 
the study of the RE process will be presented. 

4.1.1 Our Definitions 
The following terms will be used frequently in this result section of the report. The 
Systems Engineering V-model (Figure 4.1) is used to illustrate the definitions. 

• Stakeholder – “A person, group or organization that has direct or indirect stake 
in an organization because it can affect or be affected by the organization’s 
actions, objectives, and policies” (Business Dictionary). Example of key 
stakeholders: creditors, customers, directors, employees, owners. 

• Feature Leader – Responsible for a feature in the vehicle e.g. driver interface, 
climate control. This role is essential in the development of HMI design at the 
studied company. 

• Target Level – Level where prerequisites are created (Figure 4.1) 

• Product Level – Consists of Product Requirements and Product Architecture in 
Figure 4.1. 

• System Level – Consists of System Requirements and System Development in 
Figure 4.1. 

• Component Level – Consists of Component Requirements and Component 
Development in Figure 4.1. 
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Figure 4.1   Systems Engineering V-model. 

Departments at the Product Development organization at the studied company that we 
will refer to are: 

• Product Planning Department 

• Cab Engineering Department 

• Electrical Design Department 

• Product Design Department 

4.1.2 Company’s Overall Development Process 
The studied company has an agreed development process. It is a process and project 
control method in which important project documents are defined and described, as well 
as roles and responsibilities, project phases, deliverables, checkpoints and gates. It is 
foremost a guidance for Project Managers and the Steering Committee. The process is a 
set of templates with main objectives and deliverables for each phase. Each phase is 
finished by a gate, where the status of the project is reviewed, requirements followed 
up, etc, before a decision is made whether or not the project is ready to enter next phase. 
This is a chosen strategy to attain effective development, stay competitive and fulfil 
customer expectations. 

4.1.3 Breakdown of Requirements at Studied Company 
A general Systems Engineering breakdown procedure enhances that requirements 
successively should be broken down. This was described in the chapter 3, Theory.  

At the studied company, not all requirements are broken down successively. The 
Electrical Design department at system and component level creates requirements 
directly from project prerequisites. Moreover, the process is meant to be iterative at the 
studied company (Figure 4.2), and not waterfall as the ideal System Engineering V-
model proclaims.  
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Figure 4.2   The breakdown of requirements at the studied company is an iterative 

process, illustrated by the solid arrows. But not all requirements are processed at all 
levels, see dashed arrows. 

Project prerequisites 

“Project prerequisites” is a document used in the company and is meant to express the 
true needs from each individual stakeholder. It is not meant to provide precise 
requirements. It communicates what is needed and wanted, e.g. sales-goals, updates of 
features or functions, wanted competitive position, etc. Developing a complex product 
for the automotive industry could result in an immense number of requirements. The 
applied norm is therefore to carry over characteristics of the reference product to the 
new target product, which implies only changes from the “old” product to the “new” are 
current in the project. 

Customer expectations and needs are identified by performed customer research, both 
quantitative, e.g. surveys, and qualitative, e.g. meetings with end-users and concerned 
professionals. Both buyers and practisers are included.  

At the studied company, project prerequisites are given to a cross-functional team 
whereupon the targets are translated into requirements. 

Product Requirements and Detailed Solutions 

A cross-functional team translates and balances the targets defined in the project 
prerequisites into measurable product requirements. The studied company provides 
accessible guidelines of how to write acceptable requirements. Apart from the well 
known SMART-criteria (Specific, Measurable, Attainable, Relevant and Traceable), the 
documented instructions emphasizes the project requirements also to be unambiguous, 
concise, solution independent and verifiable.  

At Product Level, the first set of requirements is grouped into Vehicle Domains e.g. cab 
or chassis. These requirements are then distributed to each domain where concepts and 
solutions are evaluated at system and component level. The concepts or solutions can 
cover both technical and soft offering solutions. Though, suggested concepts or 
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solutions have to meet the project prerequisites. Specifications at this level does not 
necessary have to be only textual, it can also include simulations and illustrations which 
reveal both function and layout.   

4.1.4 Verification 
At the studied company, a verification and validation plan is created in parallel to 
development of requirements and solutions. In this plan for instance roles of 
responsibilities, verification activities, validation activities are defined.  

Throughout the project, concepts are evaluated by stakeholders in design reviews. 
Requirements regarding customer satisfaction and requirements of non-functional 
characteristics are verified or validated through client clinics. Usability testing for 
example executes and evaluates by end users both through client clinics and on field. 
Typical participating stakeholders are contractor, end users or end buyers.  

Verification responsibilities regarding roles and distinct areas are prescribed and 
documented in guidelines and instruction documents. This means that people are 
assigned and responsible for different verification activities, e.g. translating targets into 
verifiable requirements and later on verify them. 

4.2 General HMI Process in Practise 
One of the main purposes of the HMI design process is to break down the customer 
expectations into more detailed HMI design feature requirements related to technical 
solutions. These features express what qualities a customer or end user would like the 
product or the service to have. Well-reasoned features will result in improved customer 
value. During the breakdown, requirements related to features are expressed at different 
levels; it is a transformation of requirements from a customer viewpoint to the 
designers’ perspective. These feature requirements are collected in requirement 
specifications. To confirm if the customers’ expectations or needs are fulfilled, 
verification and validation activities are performed at different levels during the 
development. The difference between verification and validation is the viewpoint. 
Verification exams if the solution meets the technical or regulatory requirements as 
validation refers to fulfilling the needs of intended user. 

4.2.1 The HMI Design Process in Overview 
The development process of HMI design includes several departments and disciplines. 
The contribution from development departments to HMI development can be illustrated 
as in Figure 4.3. Product planning department sets the targets. The development of 
customer needs persists by feature leaders who perform this task at product level. For 
products that are as complex as in this case, systems and components are developed in 
parallel to cope with the company’s formal development process. The main involved 
development teams for the systems and components development regarding HMI 
designs are stakeholders Cab Engineering, Electrical Design and Product Design. 
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Figure 4.3   Involved HMI development teams at different levels. 

Initially, customers’ expectations and needs, as well as targets from other stakeholders 
are collected and documented in the project prerequisites by product planning 
department. This text document is accessible for all development teams. Since HMI is 
interdisciplinary, targets concerning HMI are disseminated in several different chapters 
in the project prerequisites. Feature leaders take on the responsibility of gathering all 
information regarding HMI design from the project prerequisites. Thereafter with all 
needed information, feature leaders translate the targets into verifiable and measurable 
feature requirements which are distributed to function owners and component owners in 
various development teams. In project requirements, requirements concerning HMI 
features are involved as well, but here the requirements are normally very general 
compared to feature requirements. While solution concepts evolve, feature requirements 
are balanced. The development of more detailed technical requirements performed by 
development teams at system and component level continues under the influence of 
three documents: feature requirement specification, project prerequisites and project 
requirements, see Figure 4.4. 

Figure 4.4   Involved requirements documentations at different levels; requirement 
specification develops under influences of three documents. 

Regarding verification and validation, each team has specified roles during the 
development. At target level, client clinics are organized in order to get feedback on the 
solutions from both stakeholder and end-users. Another main task of feature leader 
except defining feature requirements is to set up and document verification and 
validation activities. Feature leader can verify and validate if set requirements and 
customer expectations are fulfilled through simulators, design reviews and real contact 
with actual users. The HMI team at Electrical Design department mainly verifies the 
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results from the supplier. Functions related to HMI are verified by teams at system, 
subsystem and component level. Moreover, a special validation team were established 
to test how end users operate and interact with the functions. 

4.2.2 HMI Team at Electrical Design Department 
As the number of electrical components and application has increased for the systems, 
the need of effective communication and cooperation between physical component 
engineering and electrical engineering is tremendous. A HMI team at Electrical 
Engineering department has been established to support these increasing needs and 
impress HMI on electrical systems. The HMI team at Electrical Design sets HMI 
requirements together with electrical engineers whom hold the responsibility for 
specified functions. Main tasks of this HMI team are to define the logic and event flow 
of displays, as well deliver the design to various suppliers.  

4.2.3 The Joint HMI Coordination Team 
During the last years, HMI design organization has expanded rapidly at the studied 
company. Effective and efficient communication between teams is vital according to the 
situation.  In order to synchronize the work between main development departments e.g. 
Product Design, Cab Engineering, Electrical Design, see Figure 4.5, and to make sure 
that all involved teams work towards the same direction a joint HMI coordination team 
was founded. Each development team has a representative under the coordination of the 
team leader, and through the representatives the teams communicate, balance and 
collaborate. In this case, Feature Leader represents Cab Engineering department since 
the HMI design components are mostly included in Cab Engineering Design. The 
meetings are held every week for two hours, which provide the team representatives the 
opportunity to exchange ideas, diminish challenges and organize resources for HMI 
design development.  

 

Cab 
Engineering 

Product 
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Electrical 

Design  

 

 

 

Figure 4.5   A joint HMI Coordination team with representatives from Cab 
Engineering, Product Design and Electrical Design. 

The Cab Engineering department is responsible for developing HMI physical 
components in the cab as electrical design department is responsible for electrical 
hardware and supporting software systems. Meanwhile product design department 
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delivers a graphical result and is responsible to retain the feeling as a whole through 
designers’ point of view. As mentioned above, the HMI team at Electrical Design 
department’s main task is to assist function developers with HMI inputs and to define 
and deliver the logic and event flows of displays to suppliers. 

4.3 Findings 
In this part of the thesis, identified challenges regarding the master thesis scope are 
presented, which are based on the interviews and the workshop. More results are 
illustrated under the subchapter additional findings where other challenges or 
phenomenon that we’ve discovered through interviews and workshop.  

4.3.1 Challenges 
The presentation of each challenge consists of a description that explains the present 
situation, and quotes from interviewees. Finally, we’ll describe in brief about possible 
root causes for each challenge.  

Challenge 1 - Inadequate quality of requirements  

Description 
The studied company has several product-related business areas, and for each product or 
service there are many teams involved in the product development. Common ways to 
communicate between teams are via email, telephone calls, instant messaging or project 
meetings. However, requirement is definitely one of the strongest communication tools 
between departments to synchronize and balance the development progress. Though, 
results from the interviews showed that the written requirements were of inadequate 
quality at the studied company. 

In the verification phase, bad quality of requirements is encountered. For instance, 
requirements are expressed with bad choice of words and are of ambiguous character. 
This makes verification activities time consuming and inefficient.  

Interviewees have also expressed that project prerequisites encompass either too 
detailed or too vague directions and information. On one side, engineering 
representatives confirmed at the workshop that too detailed or even solution depended 
prerequisites had been provided by product planning, which limited innovation freedom 
and progress in their design concepts and solutions during product development. After 
all product planning are aimed to providing targets. On the other side, interviewees have 
expressed that information and feedback from client clinics and benchmarking is needed 
for product development. Without the latest input from end users, engineering teams 
have difficulties to design a product that really satisfies all customer expectations and 
with high customer value. Results from benchmarking and surveys would benefit 
engineering work, and redirect resources in a more efficient way. This valuable 
information can be used to create new products and innovations. 

Quotes from interviews and workshop 
System verification engineers claimed that requirements sometimes were hard to verify 
because requirements were expressed in a confusing way.  
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The departments Electrical Design and Cab Engineering explained that project 
prerequisites from product planning sometimes were too detailed; occasionally it 
provided solution rather than targets.  

Product Design and Electrical Design teams have claimed that project pre-requisites 
should be better expressed in terms such as price level, quality expression and 
functionality. Reference products and information from surveys and client clinics 
should be added to the prerequisites. This would ease the work for engineering and 
design teams to provide the product with improved quality and customer value.  

Potential and existing consequences are listed below. 

Consequences 
1. Increased cost, due to 

− ineffective communication 

− extra verification effort 

2. Mismatch in concept and solution since different interpretations of the 
requirements. 

3. Decreased customer value in the product 

Root cause 
Requirements Engineering process is unclearly communicated. Based on the 
organization structure at the studied company, there are different paths for requirement 
breakdowns and these are not synchronized. Since the development processes are 
different, each development team e.g. Cab Engineering, Product Design and Electrical 
Engineering, practises an approach supportive for their requirements development. But 
the inadequate requirements received at verification departments indicate that the 
overall management of requirements is not clearly communicated. 

Challenge 2 – Difficult to find all documented requirements regarding HMI 

Description 
It is complicated to know where to find all needed requirements. Human-Machine 
Interface is interdisciplinary; therefore it is common that requirements regarding HMI 
are distributed to different functions and features in a document. Developers and 
engineers write their requirements separately in different documents during the 
development; it could be a result of different development processes in various 
departments. Too many documents along the process obstruct the work to find the right 
information. Engineers and developers have to be experienced in order to easily find all 
requirements. At the same time, it is difficult to keep a holistic view while various 
documents are concerned. 

Quotes from interviews and workshop 

Feature Leaders: explained that they need to check under several different chapters 
under project prerequisites to find all targets concerning HMI design.  

Engineers: According to the interviewed engineers, HMI requirements are usually 
distributed to different functions which causes problem for interdisciplinary 
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requirements. Once a requirement is missed, it will not be taken into design decisions or 
solutions.  

Electrical Design: Engineers claimed that developers write requirements/use 
cases/information in separate documents.  

Furthermore, “Requirements database for electrical design” is just one collection of 
requirements, and the rest is documented in other data bases.  

Consequences 
Possible results of difficulties to find documentation of requirements regarding HMI 
are: 

1. Unsatisfying result/product  

− Due to incomplete collection of requirements.  

− Lost holistic perspective and vision 

2. Increased cost, due to 

− ineffective communication 

− extra verification effort 

− Late changes 

Root cause:  
HMI is an interdisciplinary field and the present organization structure at the company 
may not be convenient for HMI development. Traditional vehicle manufacturing 
focuses mainly on hardware, the entire vehicle can be divided into numerous physical 
components and functions so the engineers can develop different parts separately and 
efficiently. Thus each engineer has their own responsibility domain. However, this 
traditional approach is not anymore convenient to meet the complexity of today’s 
vehicle. Software has replaced physical components, and the number of functions and 
features in a vehicle has increased drastically. The organization for HMI design 
development has increased drastically due to this rapid development of electronic 
technology, and this is especially noticeable at the Electrical Design department. This 
may result in an inconvenient strategy of requirements documents. Also, due to limited 
time and resources, many valid databases are not updated with e. g. guidelines, which 
also results in that information is stored in several parallel documents. 

Challenge 3 – Missing input  

Description 

HMI design process needs iterations with intended users. If there is not enough time for 
iterations, feedback and new inputs can not be taken into account in the design solution.  

During interviews, one challenge was mentioned frequently. Missing or late inputs from 
development teams, It is causing drawback on both design solutions and development 
costs. Analysis from interviews and workshop implies that not enough time is 
distributed for HMI iterations during the projects; it is a demanding task to match other 
teams’ schedules. Since development teams have different time plans, it is common that 
a project at Electrical Design department has finished before the projects at Cab 
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Engineering department just balanced all requirements. Therefore, late modifications 
and inputs from other engineering teams cannot always be implemented. 

Quotes from interviews and workshop 
Electrical Design: No time for HMI iterations. Electrical Design can not consider all late 
opinions or decisions into solutions once they have passed their deadline.  

Electrical Design: When setting up a new function development, lack of influence from 
HMI responsible result in poor design solutions.  

Electrical Design: There is no time to make mistakes for HMI. 

Feature Leader: Electrical Design occasionally start function development even before 
any requirement and directives are sent out from feature leaders.  

Product Design: Feature leader is not as restricted by contract to a supplier as electrical 
engineering teams are, which results in that some opinions might arrive too late in the 
process.  

Consequences 
The above mentioned issue can possibly result in:  

1. Inadequate HMI design solution, due to 

− Lack of HMI design constraints and inputs 

− Diminished feedback from users 

− Incomplete verification and validation 

2. Increased cost, due to  

− Late changes 

− Ineffective communication  

3. Deficient balancing of requirements 

− Not all requirements are involved during the balancing. 

Root cause  
Shortened project time and unsynchronized time plan between different development 
teams are possible root cause for missing HMI inputs and directives. The reduced 
project time benefits time to market for the product, but not the development itself. Due 
to shortened project times and unsynchronized team collaboration, there is not enough 
time for iterations during the project.  

4.3.2 Additional Findings 
In this subchapter, additional findings will be merely presented as conclusions from the 
interviews and the workshop. 

HMI prerequisites in each project 

Interviews have revealed that there is a need of establishing a joined basis in the 
beginning of projects. Since involved teams have dissimilar development cycles, it is of 
significance that the main involved joint HMI Coordination team members are united to 
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form the priority, goals, plan and activities in each project. Moreover, a well-thought 
HMI design process is needed for the development of future HMI design solutions and 
concepts. 

HMI definitions 

In chapter 3 Theory, both definitions of Human-Machine Interface and Human Machine 
Interaction are explained. It is apparent that various interpretations of HMI exist in 
literature as well as in practise. Besides that, there are often several different “rights” 
dependent on whose perspective to look from. Since each development team has 
different development responsibilities, teams relate to HMI design in various 
approaches which answer for their own area of expertise. For Electrical Design 
department, HMI can not be specified separately from functions. As for Feature Leaders 
of driver interface, HMI is for presentation of functionality or function input/output, and 
does not specify a function itself. As a drawback, the division of responsibilities is 
unclear. 

Company development guidelines  

Many well defined company development guidelines are available and accessible for 
engineers. It is clearly demonstrated in the documents what, when, where and how 
things should be done during the development process. However, the defined guidelines 
do not always seem to be put into practise. For instance, System Engineering guidelines 
are aim to retain a holistic view for product development. In practice, the traditional 
divisions of vehicle in product development are not in cope with the wanted result 
anymore. In addition, the organizations seem to have other decision procedures than the 
one defined in guidelines. As one part of the development teams at the studied company 
manages the balancing of requirements at system engineering level before distributing 
the balanced requirements to subsystems, and the other part at subsystems working 
directly with the targets.  

Database update 

Many valid databases are not updated with for example guidelines. Engineers would 
like them to be, but tight scheduled time and budgeted resources does not allow that. 
The system is working well today, owing to professional and experienced engineers and 
designers from various departments. Professionals possess great skills and knowledge in 
various areas but as mentioned, the workload unable them to update shared databases. 
This could become a hindrance for young professionals and co-workers to gain and 
share knowledge concerning HMI design, and many fine guidelines, professional skills 
and experiences might be lost with time.  

Client clinics 

Client clinic is where designers and engineers get feedback on their design concept or 
solutions. The feedback is a very important and valuable input. For instance, results 
from benchmarking, surveys and reviews are great material for future design solutions. 
Qualitative and frequent client clinics benefit both manufacturers and customers, since 
manufactures are supposed to design a vehicle that fulfils the customer needs and 
expectations. Expressed in interviews, better and more frequent clinics are needed. A 
better selection of customers where various types of end-users and transport firms are 
included is also desired. In addition, one interviewee stressed that it is important to 
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involve users at the right time in the process which will increase the quality and 
outcome of the clinics in the most effective way.  

Information flow 

The information flow does not permeate the whole company. Much data and 
documentations exist, and works are being done parallel. Between departments, teams 
do not always know where and what resources that can be used. Numerous surveys and 
studies are conducted in the company, but the results may not always be accessible and 
visible to the involved teams.  

Successful establishments 

The setup of HMI team at Electrical Design department and joint HMI coordination 
team at the company has certainly had a positive impact for the communication between 
departments. One common view confirmed by the interviewees is that the collaboration 
and communication became much better between the teams. Through the HMI team at 
Electrical Design department, Electrical Design can exchange information with Cab 
Engineering and Product Design division in a more efficient way. This provides each 
team the opportunity to understand other involved teams, their responsibilities, 
constrains and way of working. Since the HMI team at Electrical Design department as 
an organization is relatively young in the company’s product development history, not 
everyone in the organization knows their existence. Through the interviews, it is 
confirmed that HMI team at Electrical Design department needs to make them 
acknowledged of all development teams, which conduces even better results for HMI 
collaborations.  

The joint HMI coordination team meets regularly in order to synchronize the work 
between different teams. Together they define, plan and balance issues regarding HMI 
development. This has improved the communication and synchronization significantly. 
However, this exchange and collaboration should not only attain at this remaining level. 
It is important that the synchronization goes deeper and broader through the whole 
organization, from management to each involved engineer.   

40 
 



5 Result: State of the Art 
This chapter presents findings from the study of research articles and external 
interviews with respect on the scope of this master thesis; Requirements Engineering 
and HMI design. 

5.1 Balancing HMI design & Requirements Engineering 
HMI has increased in both importance and complexity. The following text presents 
current challenges and key factors of HMI development in the automotive industry 
based on the findings from research articles with respect on master thesis scope. Most 
literature enhances HMI design challenges for automobile manufacturers. Articles 
referred to in this chapter address challenges relevant in the automotive industry as well 
as the transport industry. 

5.1.1 Customer Expectations 
In a modern car, the applications and systems that are interacting with the driver have 
increased drastically. “Extra” features such as MP3, GPS and CD-changer are nowadays 
considered as standard functions, and they are immensely affecting the driver’s 
experience and satisfaction. As more value is put into telematics which is the 
combination of telecommunications and information, it indicates that the total value of 
the car is becoming more dependent on the value of its telematic features. For example, 
a customer can be dissatisfied with the driving experience just because the GPS is not 
working (CIMdata, 2006).  

The car manufacturers face challenges in presenting these functionalities to the driver in 
a usable way (Fleischmann, 2007). As shown in Figure 5.1, a great number of functions 
have to be presented in a relatively small area, forcing the development teams to 
immediate cooperation which requires well planned project management. Frost and 
Sullivan believe that “HMI is likely to play an important role in brand differentiation 
and influence consumer buying patterns” (Frost & Sullivan research, 2009, 1b). In order 
to be competitive, besides functionality the design and presentation must be supreme. 
Moreover, a Frost & Sullivan study reveals that 72 percent of automotive consumers 
prefer to use the interface on their nomadic devices as opposed to operate via vehicle. 
This means that the automotive industry consequently needs to compete with companies 
in the electrical market as well (Frost & Sullivan research, 2009, 1b). 

 
Figure 5.1   A great number of functionalities need to be presented to the driver in a 

usable way. 
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However, presenting all innovative functions is not the only challenge that the 
automobile industry is facing. In the article Cars That People Want To Buy published in 
the Oliver Wyman Journal (2007, 1b) presents that there are too many innovations on 
the market that are too complicated and not intuitive enough for the customers. 
Consequently, the customers have knowledge of all functions which the vehicle 
provides are becoming fewer and fewer. Among quested drivers in Germany and the 
U.S, 70 percent of the drivers are familiar with ABS (anti-lock breaking system), but 
merely 40 percent know about ESC (electric stability control). Thus, the automotive 
industry must not only present new innovations with an intuitive HMI, they must also 
improve to ascertain that innovations are in line with customer needs. Close to 40 
percent of R&D expenses in the automotive industry go to projects that never get 
produced in adequate volumes because of weak customer acceptance (Oliver Wyman, 
2007). By some reasons, automotive companies don’t manufacture what the customers 
really is in need of.  

5.1.2 Increasing Complexity of Functions 
The large number of applications available in current vehicles requires intelligent 
electronics integration in order to maintain the reliability of the system. All the 
applications which the driver is meant to interact with also need to have a satisfying 
HMI design. The average cost of electronics in the vehicles today has increased from 
less than five percent of the vehicle cost in late 1970s up to around 22 percent (Frost & 
Sullivan research, 2009, 1b). Especially in the high-end market the costs of electric and 
electronic systems development have escalated and in 2003 addressed one third of all 
development costs in high-end models (see Figure 5.2) according to a research study at 
DaimlerChrystler (Weber et al, 2003). 

 
Figure 5.2   Graphic illustration from a DaimlerChrystler research displaying the ratio 
of electronic development to overall development costs. (Weber, Weisbrod, IEEE 2003) 

However, automotive companies are not organized in consensus to these present 
conditions. Traditionally, development teams delivered mostly mechanical solutions 
and were therefore organised in that manner. Today software-driven electronics have 
become a major part of all new vehicle designs (see Figure 5.3) and this increase does 
not seem to decelerate. It is less expensive to build software than hardware, thus it is 
likely that more mechanical parts will be replaced by software components (CIMdata, 
2006).  
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Figure 5.3   Complexity of Mercedes-Benz S-Class (Grimm, 2003). 

5.1.3 Team Coordination/Synchronizing  
The development process of automotive products has become more complex as the 
organizations are getting larger. Development teams need to be synchronized.  

One challenge is the management of synchronizing products and features to prevent the 
vehicle from becoming obsolete when it is launched to the market. Software solutions 
can be developed in much shorter time and also get obsolete sooner since information 
appliance’s total lifecycle is generally less than a year. The design cycle of a vehicle is 
between three to five years which means that the planned features in the beginning of 
the design cycle will become outmoded within a year in development. Handling this 
mismatch is a real challenge for designers of the automobile (CIMdata, 2006). The 
development process needs to be flexible in order to ensure that the delivered product 
still is competitive by the time it is launched to the market. 

Furthermore, features and specifications expressing what the customers expect from the 
new product are parsed out to different engineering disciplines. The holistic goal and 
view of what the customer needs then becomes dispersed. CIMdata (2006) advocates 
that it is fatal for organizations to loose the holistic perspective, and that design teams 
must act under one virtual roof rather than in serial processes. Moreover, in order to 
tackle the mechatronic organizational issues, the development is dependent on having 
integrated and collaborative design teams and that domain expertise, design processes 
and information tools must be available to all team members at all times (CIMdata, 
2006).  

Companies have in different ways incarnated the idea to create ‘a virtual roof’ that 
unifies development teams and avoids atomistic work. For instance, when Toyota 
developed the product “Prius”, they gathered a team of specialists from diverse 
functional groups, e.g. design, evaluation and manufacturing, in a room where they 
made decisions in real time. This room is known as “obeya” which means big room and 
by practising this development approach on-the-spot decision making became possible, 
decisions were made much earlier in the product lifecycle, and information management 
was severely improved (Liker, 2004). Visual planning is another common known 
method to facilitate information management. Scania is one example of a company 
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where this method has been put into practise. Department managers and project 
managers meet up once a week on a mandatory 45 minutes meeting and together they 
have a run-through of the status of all current projects. The purpose is to make everyone 
aware of the progress in the company and to create a holistic understanding. It is also 
beneficial as a forum for solving problems and utilising the gathered competences. 

5.1.4 Requirements Management 
Traceability of requirements is vital for an effective requirements management process. 
Although, the benefits gained by a complete traceability risk to be exceeded by the 
effort required to achieve it. Hoffman et al. (2004) mean that to be competitive, time-to-
market is a governing factor due to short product lifecycles. In the development process, 
requirements and features change both frequent and late, which results in massive work 
to keep the traceability of requirements. Hoffman et al. (2004) advocates that 
requirement management is a tool of handling the complexity in a time effective way. 
However, too many tools and programs are rejected by engineers due to a poor designed 
user interface. It might be more important to first focus on finding a successful process 
that handles the complexity and then helpful tools. 

Another challenge for the designers in the automobile industry is explained by Weber 
and Weisbrod in their research “Requirements Engineering in Automotive Development: 
Experiences and Challenges”. In the automotive industry a new system is seldom built 
from scratch, it is instead an improvement of the already existing one. This means that 
the new vehicle inherits most functionality from existing ones. When developing only 
new versions of a component, Weber and Weisbrod assert that activities in the 
elicitation phase may be lost since there consequently is no formal elicitation phase. 
Additional reasons of poor elicitation of requirements that need to be addressed by 
requirements Engineering are for instance premature development: development is set 
in motion before requirements are sufficiently agreed and understood; and 
communication problems: difficulties in communication and understanding through e.g. 
lack of a common ‘language’, or how to handle sudden or unplanned changes (OGC). 

To generate requirements of good quality is not an easy task. It challenges those who 
are assigned to the task since they are required to understand the need of the users and 
the constraints and potentials in the market. In addition, requirements have to be kept to 
an appropriate minimum of the changes (OGC). Weber and Weisbrod claim that in 
order to get engineers to write requirements in good acceptance criteria they simply 
need to practise and get experience. This can be managed by providing examples of 
functional requirements which then can be reused and processed by the engineers. The 
non-functional requirements however cannot be expressed satisfyingly in acceptance 
criteria, and therefore according to Weber and Weisbrod these requirements should be 
stepwise refined until they can be implemented as a set of functional requirements.  

5.1.5 HMI Requirements Specification 
Eliciting and specifying requirements are iterative processes. C. Stechert and H.-J. 
Franke (Stechert et al, 2008) writes in their article Managing requirements as the core 
of multi-disciplinary product development (2008) that requirements can normally not be 
fully stated in early phases of development because the final relations are dependent on 
the conclusive realisation of the complete system, which seems to be a unified stance. 
Nevertheless, when developing interdisciplinary products such as HMI ‘products’, the 
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teams’ development phases are on different schedules. This causes a complexity of 
specification activities not manageable by conventional text-processing systems in 
terms of management and tracing functionality (Weber;Weisbrod, 2003). 

In the article Model Based HMI Specification in an Automotive Context the author 
Fleischmann (2007) also highlights the challengers in writing specifications concerning 
HMI. Firstly, according to Fleischmann the paper based specification has shortcomings 
such as causing inconsistent versions of documents due to the constant change of 
specifications during development. This is typically followed by expensive change 
requests. Another drawback presented is the missing simulation resulting in that HMI 
can not be verified by the top management or in a user clinic before the system is nearly 
finished. 

As mentioned before, the distinct differences in the development time between software 
development and the development of a complete vehicle reflect in the challenge not 
only when it comes to synchronizing development teams but strongly when it comes to 
evolve a specification. To keep up with new trends and technology, specifications must 
be flexible (Fleischmann, 2007). 

Today there are tools for a model-based specification of HMI and virtual prototyping 
and simulations, supplied by e.g. Mecel and Elektrobit.  

5.2 Voices from Research Institutes and Specialists 
Apart from the literature study, the study of State of the Art involves interviews with 
specialists at research institutes within the automotive sector. The objective of these 
interviews was to find out more about today’s challenges and future trends concerning 
HMI design and Requirements Engineering.  

Two research institutes were contacted: the Viktoria Institute and VTI. The Viktoria 
Institute is a non-profit IT research institute, focusing on automotive and transport 
informatics (http://www.viktoria.se/). The Swedish National Road and Transport 
Research Institute, VTI, is an independent and international recognized research 
institute within the transport sector (www.vti.se). Interviewees from both institutes are 
closely familiar with automotive industry, automotive related innovations and the 
interaction between human and vehicle. Additionally, an industrial Ph.D attaining over 
fifteen years of experience of working with Human Machine Interaction issues and 
insight from two prominent automotive companies was contacted and shared his 
knowledge. 

5.2.1 What Are the Biggest Challenges, and How Can They Be Solved? 
Below are opinions concerning main challenges in the HMI design process summarized. 

• Up to now, automobile companies only had to compete with companies in the 
same business. However, in pace with the increasing value of in-vehicle 
infotainment, new competing companies have entered the market. These 
companies provide modern electronic devices to customers and due to short 
time-to-market they can be much more sensitive and flexible to adopt new 
trends and technologies into the products. An embedded telephone in the car 
isn’t competitive enough against phones produced in the rapidly evolving 
telematics business by companies such as Nokia. The scenario is the same when 
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it comes to navigation systems. Therefore, the entire automotive industry needs 
to introduce a new way of thinking in order to face the changes in society. 

• Managing an effective Requirements Engineering process is challenging. The 
industry has not yet adapted to the digitalization; development processes and 
organizations are still under deep influence of hardware development. Thus, new 
communication channels are needed and companies need to address the software 
evolution.  

• It is a complex process to write requirements for HMI. For instance, a font size 
needs to vary depending on what message or information that is to be displayed, 
e.g. in a music playlist the font size can be small and several lines can be 
displayed but an alerting message need to written in large readable words and 
with fewer lines of text. Moreover, the actual font size and the size each driver 
perceive is not the same. If all these situations and conditions should be written 
in requirements, the specifications would be of absurd length. Therefore 
companies should focus on finding processes rather than “perfect requirements” 
to make sure that developed products meet customer expectations. Users, 
customers, and testers need to be involved in iterations in all phases of 
development and experts should be involved in development and evaluation 
stages. 

• Some companies focus too much on the computer interaction part, and agree to 
let computer experts design the interaction of HMI. Consequently the human 
aspect will be lost and that might result in a product that delivers a low customer 
acceptance when entering the market. Furthermore, expert assessment and user 
clinics can not be neglected nor agreed procedures.  

5.2.2 Future Trends 
Below are opinions concerning future HMI design trends summarized. 

• New terms such as Friendliness, Satisfaction and Affection are being used in the 
industry. Many researches focus on how to create e.g. an affective design, or 
how to create a stronger bond between the user and the vehicle. 

• Usability and distraction are two major areas for future research.  

• The trends to come are dependent on how the companies act in the following 
years. 
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6 Analysis of State of Practise & State of the 
Art 

The goal of the thesis was to identify how HMI design is balanced with Requirements 
Engineering, and present conclusions and improvement proposals for discovered 
challenge areas. Consequently, this chapter presents conclusions of what the studied 
company needs to improve and suggestions of how that can be done. Our conclusions 
are based on analysis of the material from interviews, presented in State of Practise, 
and from our research study, presented in State of the Art.  

6.1 Conclusion from State of Practise and State of the Art  
In the previous chapters we presented findings from State of Practise and State of the 
Art. In State of Practise the report demonstrated specific challenges and possible 
consequences followed by root causes. Though, the conclusions that we present in this 
chapter are not problem-specific. It is not an incident that the deliberation often turned 
from discussing specific challenges to discussing the cause and more extensive 
obstacles during the interviews and the workshop. Therefore in this chapter, we will 
present three conclusions that address specific challenges as well as root causes and 
obstacles. 

6.1.1 Holistic View 
The company would benefit from attaining a better holistic view. In small 
companies, developers can decide solutions together in a forum. At the studied 
company the development organization is too complex for that and the labour is much 
compartmentalized. Expressed by interviewees, the studied company breaks down 
requirements in parallel and separately too early. As presented in State of the Art 
(chapter 5), when features and specifications are parsed out to different engineering 
disciplines the holistic view gets lost. Therefore it is important to have a good picture of 
the whole system before requirements and specifications are parsed out, and to keep it 
throughout the development. If not, ineffective work, additional requests for late 
changes, additional costs and unsatisfying solutions risks characterizing the project. 
Even though guidelines at the company describe how requirements should be balanced 
and always be traceable to the customer target, far from every team puts that into 
practise. 

Our findings showed that work was done in parallel, as requirements were written in 
parallel. Once parsed out, requirement specifications are written by diverse development 
teams who relate to HMI differently. As mentioned in findings from chapter 4; for 
Electrical Design department, HMI can not be specified separately from functions. As 
for Feature Leader of driver interface, HMI is for presentation of functionality or 
function input/output and it does not specify a function itself. Therefore, the 
development needs to evolve from a common ground.  

Our findings also reveal that when the diverse requirements specifications are united to 
serve as verification protocols to a component or system, the requirements documents 
do not merge in a satisfying way because the quality is too poor. Presented in State of 
the Art, poor requirements elicitation can be caused by premature development, i.e. 
when development work is undertaken before the requirements are sufficiently 
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understood by both the customer and the project teams. A quote from an interview 
reveals; “Often there exist no pre-studies or initial work regarding HMI development. 
Instead innovations are implemented in parallel to project execution”.  

6.1.2 Organization 
The organizational frame seems not to support the explosive growth of Electronic 
departments in HMI development. Findings from internal interviews (chapter 4) 
indicate that the organizational setting is inconvenient for HMI design development at 
studied company. 

Traditional vehicle manufacturing is organized for hardware and mechanical solutions. 
At studied company, the entire vehicle is divided into various vehicle domains based on 
mechanical solutions and functions. However, the domain which provides software and 
electrical solutions has grown significantly at the studied company. The HMI 
development teams are fairly new constellations, but HMI design has grown in 
importance and the company needs to look over how the organization can facilitate and 
obstruct a satisfying development. The organizational frame affects the possibilities for 
synchronization between teams, as well as effective breakdown of requirements and 
iterations. These areas today are not working in a satisfying way when HMI design is 
developed. 

6.1.3 HMI Budget 
It is important to establish a successful HMI design process, and that means that 
the company needs to continue to invest in HMI and allow more resources to HMI 
development. 
It is essential that HMI design meets the customer needs. The delivered HMI design 
should contribute to the product with an intuitive and user-friendly design. But as 
mentioned in chapter 3 (Theory) a disadvantage to user-centred design is the costs that 
follow since the process requires both financial and human resources. But as close to 40 
percent of R&D expenses in the automobile industry go to projects that never get 
produced in adequate volumes because of weak customer acceptance (Oliver Wyman 
2007), therefore this cost is worth taking. 

Fuel consumption is still ranked as a top priority among customers according to an 
Oliver Wyman analysis (2009) and HMI yet cannot compete with that. However, in 
another Oliver Wyman analysis (2007) concerning automobiles infotainment and 
connectivity address several predicted technological trends, e.g. an increasingly demand 
for mobility, demand for connectivity and simplicity, and increasing demand for safety. 
Innovation strategies must reflect the trends that today and in the future will affect the 
automobile. This means applications and systems that are interacting with the driver 
will continue to influence customer buying patterns. 

Expressed at both interviews and the workshop, HMI is a process that needs iterations. 
HMI design significantly affects road safety, and iterations in development are vital in 
order to remain the user in centre of the design. As described in chapter 3, non-
functional requirements control the usability of the product, but most often these 
requirements cannot be decided before the functional requirements of the product are 
(Robertson, 2006). Because requirements concerning HMI often are of non-functional 
characters, solutions cannot either be decided immediately or easily validated.  
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Our findings indicate that the development process of HMI design needs to be 
improved. The process needs to allow iterations of HMI designs, so that mistakes can be 
corrected and solutions can be improved through balancing of constraints. Furthermore, 
our findings reveal that it is difficult for the teams to in time gather all relevant HMI 
inputs and in time distribute further their constraints to other concerned teams. 
Unsynchronization between development teams gambles the success of the project due 
to the risk of loosing important HMI inputs in solutions.  

Finally, investing in future innovations and vehicle concepts that can lead to future 
requirements, it can also improve the foundation of projects and counteract pre-mature 
development. 

6.2 Improvement Proposals 
As one of the objectives of the master thesis, this subchapter presents improvement 
proposals. Our proposals are based on findings from the analysis at the studied company 
and conclusions of the case study and from State of the Art. 

Two improvement proposals will be presented in this chapter. The first one is a HMI 
mapping approach to create effective collaboration between development teams for 
HMI design. The second proposal is to create a mechanism for information 
communication. 

6.2.1 HMI Mapping 
In chapter 4 State of Practise, findings showed that the need of setting up more detailed 
conditions for HMI design development is enormous. More distinct objectives and 
outlines in projects would assist the HMI design process. It is of importance to describe 
and specify what to invest before each project start, thus the budget can be distributed 
fairly for HMI design development and priorities can be set. This mapping approach 
proposal consists of two different activities: improve visual planning and identification 
of HMI design process activities (see Figure 6.1).  

 

Mapping Approach 

Map HMI 
process ac

Improve Visual 
Planning 

 

 

design 
tivities 

 

 

 

 

Figure 6.1   The mapping approach proposal consists of two activities; improve visual 
planning and map HMI design process activities. 

The principle of visual planning is that internal stakeholders, e.g. department directors 
and project managers, together go through projects’ status and progress. At the studied 
company, the HMI design process involves numerous teams and engineers, there exists 
product reviews with stakeholders, but it is important to synchronize teams in early 
stages of development and to involve developers and engineers. Therefore if 
representatives from teams involved in HMI design development, could attend a 

49 
 



regularly meeting aimed to gain knowledge of current projects as well as up-coming 
projects that relate to HMI design, the team collaboration could be improved. The 
activity of gathering projects in an arranged matrix could provide an overview of how 
all current projects are associated with each other. If respective team could better 
understand how time plans concerning current projects at other departments are related 
to their, the probability for a successful collaboration between teams will increase. 
Therefore visual planning could be established to facilitate synchronization between 
HMI development divisions and teams, and to improve communication.  

In identification of HMI design process activities, the proposal is to identify specified 
HMI related activities. This includes a mapping from pre-study phase to the phase 
where all requirements in the final product are decided. Activities included in the 
category are e.g. HMI design goals, main focuses, priorities, time plans and 
stakeholders at various development phases. It would be of benefit to have all involved 
team and engineers to be aware of HMI objectives in each project. For instance, what 
activities need to be done at each product development phase, which departments are 
needed at various HMI design reviews, what resources are needed to prepare for 
verification/validation. Consequently, every involved engineer could get familiar with 
which activities during the HMI design process that is related to him/her. 

6.2.2 Communication Mechanism 
Good communication is an important factor for any successful company. As companies 
become larger, well-functioned communication between departments is the key to 
handle the increased complexity. Findings from interviews and workshop confirmed 
that the communication between development teams was not efficient. For instance, 
information from surveys and client clinic is difficult to find; due to unsynchronized 
time plans, teams may have missed some inputs for HMI design development. 
Therefore, the communication flow for HMI design process needs to go through the 
entire organization.  

Creating requirements reviews could be one way to handle the changes and balancing of 
requirements from different departments. It could improve the quality of requirement 
and facilitate attaining a holistic picture of product development. The HMI product 
development organization should improve to sift out unnecessary information and 
prioritize information, since the interviewees claimed that too many documents and 
guidelines were involved with no prioritization. If information such as change of 
requirements affect many engineers, it needs to be communicated. Such changes cannot 
be only kept between certain stakeholders or in specific development teams, 

Moreover, a more unconventional communication mechanism might be helpful in this 
case. The communication of HMI design development could be exchanged via a movie 
clip, for instance, a recorded video about HMI design decisions at a certain meeting; or 
it could even be a game-inspired communication method that allows interaction and 
contact between teams. In brief, a dynamic communication route will benefit the HMI 
design process for the company.  
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7 Master Thesis Conclusions 
This chapter summarizes and presents conclusions of how the findings and improvement 
proposals in this master thesis can contribute to a solution. The execution of the thesis 
is evaluated and reflected upon as well. 

7.1 Conclusions 
In line with the thesis scope, we provide improvement proposals and conclusions. The 
objective of this thesis was to present an analysis of how HMI design is balanced with 
Requirements Engineering. HMI design process is an iterative process. Requirements 
need to be balanced with HMI design solutions and vice versa. Since HMI design is a 
complex development, an efficient HMI design development is especially dependent on 
having a successful process methodology.  

The result proved that the HMI design process that is used today needs to be improved. 
The iterative process which allows the balancing of both changes in customer needs or 
requirements and changes in HMI designs does not function as desired. 

The following three specific challenges were identified at the studied company (see 
chapter 4: State of Practise). The three challenges are:  

1. Inadequate requirements - For instance, requirements are expressed with 
“bad” choice of words causing time consuming verification activities. Project 
prerequisites, the document from which requirements are created, are by 
interviewees expressed to be composed of either too detailed expressions or too 
vague directions. 

2. Difficult to find all documented requirements regarding HMI - As Human-
Machine Interface is interdisciplinary; requirements regarding HMI design are 
distributed to different functions and features in requirements documents. Too 
many involved documents along the process obstruct the work to find the right 
information.  

3. Missing input - Development teams are unsynchronized in time plan and lack 
opportunities to iterate and implement late inputs in their HMI design solutions. 

For the company, without having these challenges solved could result in: 

1. Increased development cost due to ineffective communication, extra verification 
effort and late changes 

2. Inadequate HMI design solution and HMI product due to unsatisfying 
requirements engineering.  

The root causes for above illustrated challenges are unclearly communicated 
Requirements Engineering process, organization barrier and unsynchronized time plan. 
Unsatisfying Requirements Engineering reflected in duplication of work, since it is 
common that engineers document files, use cases and requirements in parallel without 
communicating. HMI is an interdisciplinary field; one finding was the present company 
organization structure may not be convenient for HMI development. Shortened project 
time and unsynchronized time plans between different development teams also make 
the HMI design process at the studied company ineffective.  
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Conclusions from the analysis showed that obtaining a holistic view is crucial for 
fulfilling the customer needs and expectation. Systems Engineering aims to keep a 
holistic view over the entire product development. Due to different decision procedures 
at the company, the current product development process can not contribute to a 
complete balancing of HMI design and requirements. The company would benefit from 
attaining a better holistic view. In addition, the significant growth of software and 
electronic components cause an organizational barrier for HMI design development. 
The organizational frame at the studied company does not seem to support the explosive 
growth of Electronic Design departments in HMI development. It may also cause a 
drawback on effective breakdown of requirements. Finally, concluded in analysis: it is 
important to establish a successful HMI design process for future success, and that 
means that the company needs to continue to invest in HMI development and allow 
more resources to support HMI development.  

The two improvement proposals: (1) a mapping approach to improve effective 
collaboration between development teams for HMI design and (2) to create a dynamic 
mechanism for information communication, address presented challenges. These 
challenges in synchronization between teams and HMI iterations could diminish by e.g. 
getting an overview of current projects and how they are associated with each other 
during HMI design process, and by getting engineers familiar with which activities 
during the HMI design process are related to him/her,. We believe that the two 
presented improvement proposals are a good foundation for future work to identify 
where the problems exist in HMI design development organization, therefore a more 
convenient HMI design organization could be established. Finally, a communication 
mechanism contributes to a more dynamic and balanced collaboration between teams, 
with effective communication for interdisciplinary development the HMI product will 
achieve a high customer value and customer satisfaction.   

7.2 Reflections of Execution 
Human-Machine Interface is an area concerning numerous disciplines and it’s a rather 
complex area to study. In this chapter we reflect about the execution of the master thesis 
and what it could have been done different. 

Order of execution  

We scheduled the interview phase prior to literature research since we first wanted to 
understand the HMI design process at the company and identify challenges. From that, a 
possible objective was dive deeper into a specific challenge and to focus our literature 
research on that specific area. However, soon we concluded that the HMI design 
process was very complex and we had to focus on the entire process rather than a 
specific challenge. Due to this, a reversed order of execution phases could have been 
beneficial for the result of this thesis work. With more structured questions, our findings 
could for example also have presented statistics results from the interviews. 

Methodology 

There are many methodologies concerning case-studies. Some are applicable to cases 
likewise this thesis. We initiated our work by creating a time plan and identifying 
needed activities, but methodologies and analysis methods were decided along the way. 
We chose that strategy since we wanted to be flexible and since we were unsure of what 
kind of result we finally would deliver. 
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Time plan 

The master thesis contains merely 20 weeks work. Due to the complexity of the HMI 
discipline, more time should have been scheduled for literature study and analysis. 

Complexity 

It was time consuming to gain understanding of the HMI design organization structure 
at the company. We have not yet all information needed to capture a full picture of the 
HMI design process. The complexity of HMI design and the HMI design development 
organization made it difficult to define and identify the processes for HMI design. 
Those who are involved with HMI design know how it works, however only by reading 
guidelines and defined process instructions does not provide complete understanding for 
the HMI design process. It is crucial to identify the “real” process to create a good basis 
for the thesis analysis.   

Thesis scope 

Due to the interdisciplinary area, HMI, the thesis scope was very wide and we could not 
go in too detailed analysis work. For instance, since our interview questionnaires were 
formed with general and open questions, the material gathered from interviews revealed 
wide rather than detailed information. As mentioned above, we focused on the entire 
process (within our scope) rather than a specific challenge and had no time to dive 
deeper into a specific challenge.  
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9 Appendix I 
 
Pre-study 
Findings from literature study and interviews 
Under this chapter a summary of literature study will be presented. The variety of 
complexity on Human-Machine interfaces and the importance of HMI design on 
interactive safety systems are explained.  Followed by the interview summary, diverse 
HMI development needs and HMI development organisation at the studied group are 
explained. 

Literature study 
The design of a Human Machine Interface can be as simple as a button on a control 
panel or as complex as the flight deck on a jumbo jet. Unfortunately, not all products 
have good HMI design. A well-designed HMI must be easy to use and intuitively 
express the functions of the technology. To ensure the success, the intended user or the 
customer need to be involved during the development. Otherwise it could cause high 
cost or even a tragedy which is associated with human error (IEC, 2007).   
 
All vehicle manufactures are striving to find a way to handle the complexity of HMI. In 
this case, a well-designed HMI must minimized negative consequences of the 
increasing functionality in the vehicle while drivers perform their primary task, driving. 
Park- or lane assistant, Adaptive Cruise Control, Advanced Driver Assistant System are 
just some of the technologies have been applied in the transport industry. 
 

Many of the above mentioned safety applications were related to the term “Active 
Safety”. In general, active safety systems can be divided into two categories: 

• Autonomous systems 

• Interactive systems 

Autonomous system e.g. ESP (Electronic Stability Programs discovers and predicts a 
difference from what is classified as the driver’s intended path and estimates any risks 
associated with that path. By controlling the vehicle, any risks or deviations could be 
prevented without involving the driver.  

Interactive systems e.g. FCW (Forward Collision Warning) functions equally as 
autonomous systems, besides this time the driver is involved controlling the vehicle. 
The driver is forced to adjust the situation through the information passed on by the 
system. Since the effectiveness of interaction system depends on how well it integrates 
and interacts with the user, Human-Machine Interface design will play an important role 
for interactive safety systems (Ljung et al, 2007).  

Interviews 
Various profiles from product development departments were selected to ensure an 
overview of HMI development at three different business areas of the studied group. 
The interviewees cover expertises in diverse areas such as product design, engineering 
and project management.  
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At present a great amount of people are working with or towards HMI development at 
the studied group. HMI development organizations have grown enormously since the 
last decade. It is a product of demanding and increasing customer needs for vehicle 
manufactures. Another cause to this expansion is the fast developed technologies, which 
implies that the complexity of systems, subsystems and components will increase in the 
vehicle as well. There is major need of efficient HMI design process at the company’s 
development departments to increase productivity and cooperation at the same time 
reduces development costs. 

Since each business area has rather dissimilar development organizations, the needs and 
issues concerning HMI design are quite different. Starting from the smallest business 
area, the development organization delivers mostly engine and power systems. 
Industrial design and HMI design plays considerably less role. Based on current 
situation the need of HMI design development system will be considered only if this 
organization takes further step on the product design and development of the entire 
product development.    

For the second largest business area, the HMI development team are flexible and small. 
Thus communication between departments is satisfied by both arranged and 
spontaneous telephone calls and meetings. The potential progress for HMI design would 
be establishing a process for managing incoming HMI requirements and changes. 

Finally, the organization of the last business area is distinctly larger and more complex. 
The number of involved teams and organizations cover the responsibilities of the entire 
product development. There is a great need of setting up an efficient and communicative 
HMI design process to handle the existing HMI design challenges in the organizations.  

Conclusions of Pre-study 
Human Machine Interface, HMI, is a multidisciplinary field of research that has a 
tendency to become very complex within product development processes. As a world 
leading group, the company consists of nine product-related business areas and several 
supporting business units. It is noticeable that nowadays HMI design is an essential 
element when it comes to strengthen the brand and keep its uniqueness. The largest 
product development organization presented in the last chapter contains the most 
complex structure making an entire 67% share of the total turnover at the group; 
therefore this organization is chosen as the target organisation for study and analysis of 
HMI design development in this master thesis.  

Human-Machine Interface design results in a feeling, an experience to the end-user and 
it has already become one of the selling factors in automotive industry. Since the 
customer needs and expectations need to be captured by requirements, therefore the 
importance of finding a way to balance HMI design with Requirements Engineering is 
crucial. Without en efficient HMI design process, the company will have difficulty to 
cope with the emerging customer needs and competitive markets.  

As another outcome of pre-study is to identify the scope of the thesis which was 
presented in subchapter “1.3 Scope of the Thesis”. 
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10 Appendix II 
 
HMI definitions: 
A general definition was given by Béla G. Lipták (2003): “Although it can be applied to 
any type of interface device, the term HMI usually refers to display, computer, and 
software that serve as the operator’s interface to a controller or control system” (Lipt’ak, 
1995). 

Other various definitions of HMI are illustrated below (Birds-Eye.Net): 

“…Human-machine interface (HMI): Human-machine interface between user and 
terminal / system that consists of a physical section (electro-acoustic, electro-optic 
transducer, keys, etc.) and a logical section dealing with functional operation states.” by 
ATIS -Alliance for Telecommunications Industry Solutions. 

“…Human Machine Interfaces (HMI) enable the interaction between a human and 
machine; for example control panels.” by lantautomation-technology. 

“…Human and machine cognition are fundamentally different which has been taken 
into consideration when designing the HMI. Especially the modelling and task 
definition are possible only when the operator and the machine are on the same level of 
cognition i.e. they understand the environment and the target objects similarly. The 
robot control is based on human speech and gestures instead of keyboard or joystick 
control. Robot can also respond by using speech and gestures. When both the operator 
and the robot understand the environment and the work objects similarly they can 
communicate easier and the work task can be completed collaboratively. Cognitive HMI 
is tested and demonstrated with WorkPartner – a Centauroid service robot.” by J. 
Suomela, A. Halme Automation Technology Laboratory Helsinki University of 
Technology. 

“…The term user interface is often used in the context of computer systems and 
electronic devices. The user interface of a mechanical system, a vehicle or an industrial 
installation is often referred to as the human-machine interface (HMI). Older, not 
gender-neutral version of the term is man-machine interface (MMI). The abbreviation 
MMI is still in use, but is said to refer to mammal-machine interface. In science fiction, 
HMI or MMI is sometimes used to refer to what is better described as direct neural 
interface. ” by Wikipedia. 

“…(Human Machine Interface) The user interface: the device that allows interaction 
between the user and the machine. The terms HMI and "MMI" (Man Machine Interface) 
are typically used in industrial and process control applications, whereas "user 
interface" is the common term in business information systems. ” by Computer 
Language Company. 
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