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Detta examensarbete studerar de hinder som uppstår vid implementation av Continuous 

Integration (CI), en agil utvecklingsmetod, på autonoma fordon. I och med att CI har blivit allt 

mer populärt, så är det aktuellt att utvärdera om det finns hinder för att använda sig av CI även 

för system som inte bara är rena mjukvarusystem. 

Studien har två frågeställningar: 

Vilka hinder existerar för att implementera Continuous Integration för fordon? 

Vilka hinder existerar för att implementera Continuous Integration för autonoma fordon? 

Studien visar på att det finns ett antal hinder, som kan sorteras in i nivåer, för att implementera 

CI: de man kan förvänta sig vid användning av CI, av CI för Cyber-Fysiska System, och CI för 

fordon. Det visade sig att dessa hinder ackumulerar vid helsystemstestning, och även om CI 

upplevs som fördelaktig av programmerare så blir det en tung belastning för helsystemstestare. 

Gällande CI för autonoma fordon, så är mycket okänt, men mycket tyder på att det som redan 
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This master thesis studies the obstacles that arise when implementing Continuous Integration 

(CI), an agile development method, for autonomous vehicles. As CI has become increasingly 

popular it has become a point of interest to examine whether there are obstacles to Continuous 

Integration for systems, which are not pure software systems. 

The study aims to answer the two questions:  

What are the obstacles for Continuous Integration for vehicles? 

What are the obstacles for Continuous Integration for autonomous vehicles? 

This study shows that there are a number of obstacles, sortable into levels, for CI: Continuous 

Integration for SW, Continuous Integration for Cyber-Physical Systems and CI for vehicles. The 

study shows that the obstacles accumulate for full system testing, and that although CI is viewed 

as positive for the individual coder, it creates a heavy burden for the testers, especially the full 

system testers. Even if much is unknown with regard to autonomous vehicles, the study points to 

the fact that what is experienced as difficulties or obstacles today, such as system complexity, 

will likely be aggravated.  

In the future focus should lie on improving both technical and organizational aspects of 

development processes, e.g. by defining comprehensive test analysis and plans, and what should 

be communicated, to whom, and how. 
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CHAPTER 1  

INTRODUCTION 

1.1 Background 

Cyber-Physical Systems (CPS) provides “integrations of computations with physical 

processes” according to Lee [1]. Embedded systems controls physical processes, and the 

physical processes affect the computations, where timing is an important factor. The 

application potential for this type of systems is great for a variety of domains, among those 

the automotive domain. Vehicles equipped with CPS, so called intelligent vehicles, have the 

potential to increase safety and efficiency. 

A major milestone for “intelligent vehicles” is complete autonomy. The word autonomy has 

no well-defined meaning, but for this thesis the definition provided by the National Highway 

Traffic Safety Administration, NHTSA is used [2]. The definition sees autonomy as a scalable 

concept, from no automation at all to fully self-driving. A further discussion on the 

interpretation of the word autonomy is included in section 2.1.1. 

Several steps have been taken toward autonomy in commercial vehicles by including features 

in vehicles that present some autonomous behaviour. The industry is taking steps to provide 

customers with functions like collision warning, driver assistance, collision avoidance, 

platooning and full vehicle automation.  

Continuous integration is a software development method that has gained in popularity during 

recent years. The aim of the method is to prevent the integration process for the development 

of software systems becoming a complex, uncertain and time-consuming process. Continuous 

integration is based on the principles that frequent, preferably daily, integrations, as opposed 

to waiting with integration until the end of a development project, is preferable. The idea is 

that frequent integrations will greatly diminish the time between the discovery of a software 

bug, and the identification of its location and subsequent removal, and raise the overall quality 

of the software according to Fowler [3].  

1.2 Purpose 

To transfer the positive effects of Continuous Integration (CI) from software development to 

the development of automotive CPS is very interesting from an industry perspective. 

However, due to inherent differences of software systems and CPS, the techniques and tools 

used to manage CI for software systems may not be directly transferable. In this project the 

aim is to identify obstacles for implementing CI for CPS, especially fully autonomous 

automotive CPS. To this end, this thesis focuses on answering these two questions: 

What are the obstacles to implementing Continuous Integration for automotive CPS? 

Are there additional obstacles for the case of autonomous automotive CPS? 

 

The report aims to present the information necessary to follow the arguments made in the 

project, present an accurate image of the steps taken to fulfil the project goals, and present the 
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conclusions drawn and suggestions for further work.  The structure of the report, as well as a 

comprehensive reader’s guide can be found in the section below. 

1.3 Reader’s Guide 

This section contains information about the content in this report. The purpose of this section 

is both to inform the reader of the structure of the report, and to guide the reader to where 

specific information can be found.  

1.3.1 Chapter Chapter 2  

Chapter 2 is a Frame-of-Reference, and will contain information relevant to understand the 

rest of the report. 

Section 2.1 contains information about CPS and automotive CPS.  

Section 2.2 contains information about development processes, and defines terms and 

expressions used in the report.  

Section 2.3 contains information about CI and the CIViT-model, as well as information about 

Continuous Deployment.  

Section 2.4 contains general information about Scania, and Scania’s development process for 

the electrical system. 

1.3.2 Chapter 3 

Chapter Chapter 3 describes how data was gathered, both by literature study as well as 

interviews, and an overview of the data.  

Section 3.1 Explains the purpose of the external analysis of CI for CPS. It contains two 

subsections.  Subsection 3.1.1, which describes the method and purpose for the interviews, as 

well as a presentation of the interview subjects. Subsection 3.1.2 describes the methods and 

purpose of the literature analysis and presents the chosen literature sources.  

Section 3.2 describes the purpose and method for the case study at Scania, as well as 

presenting the interview subjects.  

Section 3.3 describes the aim and the method for the study of autonomous systems and how it 

affects developments process. It contains two subsections. Subsection 3.3.1 contains the 

purpose and method of the interview study for autonomous systems, as well as presenting the 

interview subjects.  The subsection 3.3.2 contains the purpose and method for the literature 

study as well as the literature sources chosen.  

1.3.3 Chapter 4 

Chapter Chapter 4 will describe how the data was analysed and the result of that analysis.  

Section 4.1 contains the external analysis of CI for CPS. Subsection 4.1.1 presents the result 

of the literature analysis. Subsection 4.1.2 presents the 1st and 2nd cycle of the obstacles to CI 

for CPS, as experienced by the interview subjects.  The 1st cycle presents the relevant 

analysed data in its context, and the 2nd cycle condenses that data into a bullet point list, and 

sorts it into categories.  

Section 4.2 presents the data for the case study at Scania. It has been divided into two 

subsections, 1st and 2nd cycle. Subsection 4.2.1 contains the 1st cycle of analysis, which 

describes the change management process for the electrical system at Scania, from the point 
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where a change is suggested, to integration testing. Each description of the processes is 

followed by detailing the obstacles experienced during the processes by the interview 

subjects. This section strives to describe the process and the obstacles in the context the 

interview subject experiences it. Subsection 4.2.2 contains the 2nd cycle of analysis. It 

contains a CIViT-model, which gives an overview the testing activities at Scania and is used 

to evaluate how CI has been implemented. The subsection also contains a bullet point list of 

the obstacles, condensed from the obstacles detailed in subsection 4.2.1.  

Section 4.3 contains the study of how developing autonomous systems affects the 

development process compared to non-autonomous systems. Subsection 4.3.1 contains the 

result of the literature analysis. Subsection 4.3.2 presents the gathered data on the differences 

between non-autonomous and autonomous systems and what additional demands the 

development of autonomous systems put on the development process. Subsection 4.3.3 

presents the obstacles for developing autonomous vehicles in its context. It is divided into two 

parts. The first details the general obstacles that could be expected when developing 

autonomous vehicles. The second details the obstacles, which would be specific for Scania. 

Subsection 4.3.4 contains the 2nd cycle of the analysis, which condenses the obstacles 

identified in subsection 4.3.3 to a bullet point list. 

1.3.4 Chapter 5 

Chapter Chapter 5 will present a discussion based on the result of the analysis of the data 

gathered, as well as conclusions based on those discussions.  

Section 5.1 contains the discussion. The discussion concerns the validity of the study as well 

as a discussion about how the identified obstacles relate to each other and what the 

implications of the obstacles are.  

Section 5.2 presents the conclusions drawn from the discussion. 

1.3.5 Chapter 6 

Chapter 0 will contain recommendations and future work.  

Section 6.1 contains recommendations, both general and specific for Scania.  

Section 6.2 presents’ proposals for future work. 

1.4 Delimitations 

1.4.1  Limitations set by assignment 

To define all the obstacles to implement CI for CPS vehicles as well as autonomous CPS 

vehicels would take more time than a master thesis is allotted. To lessen the scope the 

following limitations have been defined: 

 The processes will be analysed based on a frame-of-reference defined by the theory 

on Software Product Lines. Software Product Lines is a development methodology 

that aims to allow a family of products to share a common core according to Jan 

Bosch [4]. This will improve a company’s ability to manage software variability, 

something that becomes increasingly more difficult as customers demand customer-

specific adaptations of products. The strength of Software Product Lines theory is that 

it addresses business, architecture, process and organizational aspects. From these 
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acknowledged focus points for evaluation of development processes this thesis will 

consider two, architecture and process.  

 The development process will be evaluated with regard to two factors: : speed and 

exactness of identifying origin of fault and product architecture.  

 The processes at Scania will be restricted to the CR-process at Scania. The CR-

process, change request process, is one of the development processes for developing 

the electrical system used in the heavy vehicles developed by Scania. The CR-process 

is used when introducing a new function, when changing existing functionality, when 

changing parameters, when changing signal flows between systems, when changing 

system interfaces, when introducing a new system and introducing new HW.  This 

process does not comprise research for future functionality. Therefor the planning of 

new functionality, research of new functionality etc. will not be considered.  

 The demands autonomy places on development processes will be restricted to those 

concerning verification 

1.5 Methodology  

The result of the thesis will be answered by presenting a list of obstacles, sorted according to 

the relationships to: 

 Implementing CI 

 Implementing CI for CPS 

 Implementing CI for automotive CPS 

 Implementing CI for automotive autonomous CPS 

The questions in Subsection 1.1 will be deemed answered by this list. 

To be able to present such a result, data will be gathered by interviews and literature analysis. 

The data gathering about how CI has been implemented for the development of CPS and CPS 

vehicles will be done by interviews and literature analysis, where the data gathered from the 

interviews will be the centre of the research, and the literature analysis will be used to get an 

overview of the trends of industry and academy. To both get a general view of the obstacles, 

as well as an in depth understanding of the implementation of CI for CPS and CPS vehicles, 

the study will contain two tracks. The first track will study how CI has been implemented for 

CPS and CPS vehicles, as well as the obstacles, in a more general sense by interviewing 

experts, industrial and academic, as well as a literature study. The second track will be an in 

depth case study at Scania. The first track will serve as a reference for the second track, and 

will be referred to in this report as the external analysis of the obstacles for implementing CI 

for CPS vehicles. The case study of Scania will be a case study of the development of the 

electrical systems of the Scania heavy vehicles, and will comprise of interviews with 

employees at Scania. The interviews, both for the external analysis as well as the case study, 

will focus on how CI has been, or can be, implemented, and the obstacles employees have 

experienced in the current development process, especially in the context of getting quick and 

correct feedback, as well as the affect of the product architecture. 

To be able to present data of obstacles for implementing CI for autonomous CPS vehicles an 

interview study and literature analysis will be done. The aim of the literature study will 

similarly as above focus on understanding the current trends of industry and academy, and the 

interview study will be the method of collecting the bulk of information which will be used to 

answer the research questions. Both the interview study and the literature analysis will focus 

on what changes in the verification the development of autonomous systems, especially safety 

critical vehicles, will demand. Therefor the literature study will be centred on the verification 
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of autonomous systems, and the interview study will be centered on the difficulties of 

verification, development and safety analysis of autonomous systems. 

The category “Obstacles for CI” , mentioned above, is relevant as the reasoning behind the 

category is that some of the obstacles are not exclusively related to the other categories, but 

also could occur when implementing CI for software systems. This is to say that the list of 

obstacles sorted under the category will not be a complete list of all the obstacles for 

implementing CI for software systems, but the ones experienced by the interview subjects. 

The interview subjects, both for the interview study of implementing CI for CPS and for 

autonomous vehicles, were chosen together with both the industrial and academic supervisor 

and comprises of experts in their respective fields.  

All interviews will be recorded, transcribed and coded. The coding will be done by going 

through the transcript of the interviews, tagging it with predefined high-level codes. The 

codes are then again tagged with low-level code which is content driven, and not pre-defined. 

The benefit of analysing the interviews this way is that all the interviews will be 

systematically analysed the same way, as well making it easier to go through the material, and 

finding relevant prats of the interview once the analysis has been performed.  

By doing so it will be possible to present how CI has been implemented and the obstacles for 

doing so, both on a general level and a more in depth level at Scania. 

After the initial analysis the identified obstacles will be put through a second cycle of 

analysis, where the obstacles are defined in a condensed form. The obstacles are then sorted 

into the different relevant categories, defined above, they are judged to originate from.  

This list of categorized obstacles will, as described above, be the content of the result of this 

thesis. 

1.5.1 Limitations set by methodology 

There are some limitations set by the chosen methodology, qualitative interviews. 

 Bias 

Bias of the interviewer and the interviewee can affect the interview. To minimize the 

risk of not discovering such bias a number of people will be interviewed, and their 

statements will be compared to each other. Another risk for bias is that during this 

project there is not enough time to interview all the different groups working with 

development of the electrical system, and at Scania there are major differences in how 

development processes are implemented. The risk lies in presenting a picture of how 

the development process is implemented as if it was true for the entire organization, 

while it actually only reflects a section of it. To handle this risk, the industry 

supervisor for the thesis was present for a majority of the interviews. 

 Ethics 

Steps will be taken not to push the interview subject to reveal information that the 

interview subject do not want to release.  
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CHAPTER 2  

FRAME OF REFERENCE 

This chapter explains concepts that will be used in the report. Section 2.1 will explain the 

characteristics of Cyber Physical Systems, and how it differs from pure software systems. It 

also introduces the concept of autonomous automotive Cyber Physical Systems. Section 2.2 

will introduce the reader to development process concepts such as functional safety, 

verification and validation and model based development, which are relevant to understand 

the different stages of development. Section 2.3 describes CI and Continuous Deployment. 

Section 2.4 introduces the automotive company Scania, and gives an overview of the 

development process at Scania. The purpose of this section is to give a frame of reference of 

the activities at Scania, for the rest of the report.  

2.1 Cyber Physical Systems 

Cyber Physical Systems (CPS) are systems that bridges the physical world and the cyber 

world according to Rajkumar et al. [5]. Physical processes are usually monitored and 

controlled by networked agents, such as embedded computers, sensors and actuators as stated 

by Càrdenas et al [6].  

There are many applications for Cyber-Physical Systems, such as in healthcare and medicine, 

energy conservation, communication systems, control of electric power and water resources 

and advanced automotive systems according to Shi et al. [7]. The development of CPS is 

pushed by the availability of low-cost low-energy electronic components and continuous 

improvement in different ways of providing energy. There is also a growing awareness of the 

width of possibilities of the application of these types of systems in sectors such as aerospace, 

critical infrastructure, healthcare etc as stated by Rajkumar et al. [5]. 

To fully realise the potential of CPS, the limitations of the development of CPS must be 

considered. CPS are held at a higher standard as they are often embedded into systems where 

customers don’t expect bugs or the need to reboot according to Lee [1]. CPSs are also used to 

increase safety in certain systems and environments. Therefore, the expectations regarding 

CPS’s reliability are very high.  

In contrast to pure software systems, CPS will not be used in a controlled environment, on the 

contrary – their environments can be very unpredictable. CPS must therefore be robust to that 

unpredictability. If a CPS is safety-critical it must also be designed to act predictably and 

reliably, which is a challenge when designing such a system. A difficulty in managing such a 

design lies in the fact that in most programming languages the timing of the system’s 

execution does not determine if a software system has executed correctly or not, but it does 

determine if a CPS has executed correctly or not according to Lee [1]. 

2.1.1 Cyber-Physical Automotive Systems 

The current trend in the automotive industry is to incorporate embedded software. Features 

such as lane departure registration, collision warning, anti-lock braking systems and automatic 

swerving are available in commercially sold vehicles. These features functions by getting 

information from the environment around the vehicle with sensors such as cameras and laser, 

and computing a response. The modern automobile can be seen as a CPS. 
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There is nothing that indicates that this development will subside. On the contrary, more and 

more companies are building more and more complex systems, with the goal to eventually 

develop autonomous vehicles.  

Autonomy can be seen as an extreme version of an automatic machine. According to 

Parasuraman et al. [8] automaton refers to “…the full or partial replacement of a function 

previously carried out by the human operator”, which indicates that automation is not either 

there or not, but scalable. Parasuraman’s 4 stage model shows this. The model rates a systems 

level of automation according to four factors, namely the level of automation for: 

 Information Acquisition 

 Information Analysis 

 Decision Selection 

 Action Implementation 

If a system is evaluated as high in these four different stages, the system can be seen as 

autonomous. 

The National Highway Traffic Safety Administration, NHTSA, the American government 

body for assuring traffic safety, has in the preliminary statement of policy concerning 

automated vehicles a classification system for the level of automation in vehicles [2]. The 

classification system comprises of 5 different levels 

 Level 0 – No automation 

The driver is in sole and complete control of the vehicle controls.  

 Level 1 – Function Specific Automation 

Automation at this level involves independently operating control functions.  

 Level 2 – Combined Function Automation 

Involves the combined operation of at least two functions, where the functions work 

autonomously.  

 Level 3 – Limited Self-Driving Automation 

At this level the driver can, under certain circumstances, cede total control to the 

vehicle. 

 Level 4 – Full Self Driving Automation 

The vehicle can handle all safety-critical driving functions in all possible conditions 

that might occur in traffic. 

In both definitions from Parasuraman et al. [8] and NHTSA [2] automation or autonomy is a 

scalable concept.  

For this report the definition of the NHTSA is used as it is specifically tailored for vehicles. 

2.2 Development Process 

In this section information is provided about development processes relevant for the rest of 

the thesis regarding development processes, and specific elements during the development 

process. Subsection 2.2.1 describes the V-model, subsection 0 provide a definition of 

verification and validation, subsection 2.2.3 describes the different types of test levels during 

verification and validation, subsection  2.2.4  describes the use of models in testing activities 

and subsection 2.2.5 describes the use of functional safety in the development process as well 

as introduces the safety standard ISO 26262. 
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2.2.1 V-model 

The V-model, depicted in Figure 1, is one of the most commonly known development 

processes, and is mostly applied system and software development according to Priggouris et 

al. [9]. It depicts various stages of system and software development sequential steps as stated 

by Jha [10], and how the verification and validation phases associates with the development 

phases. More specifically it shows how testing activities at specific levels of the system 

relates to the requirements defined at the corresponding design levels. The left side of the V 

represents design phases of the system, such as requirement specification, system and unit 

design and implementation. The right side of the V represents the verification and validation 

of the system, such as unit tests, integration tests and system tests. Therefore, as soon as 

requirements have been formulated, it is possible to start test development. 

 

Figure 1 The V-model, provided by Fredrik Asplund 

 

 

2.2.2 Verification and Validation 

Verification and validation are two separate procedures in the development process meant to 

ensure that the developed object actually fulfils the defined requirements. The definition of 

verification and validation according to IEEE [11] is: 

Verification: “The evaluation of whether or not a product, service, or system complies with a 

regulation, requirement, specification, or imposed condition. It is often an internal process…”  

Validation: “The assurance that a product, service, or system meets the needs of the customer 

and other identified stakeholders. It often involves acceptance and suitability with external 

customers …” 

2.2.3 Different Stages of Tests 

This is usually done in different stages during the verification and validation process. The 

different testing stages are found below. 
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2.2.3.1 Unit Tests 

Unit tests are used to verify the behaviour of small elements of the systems according to 

Duvall et al. [12]. Test environment should be able to stimulate input, and capture the output 

according to Jha [10].  

2.2.3.2 Integration tests 

Aim is to verify that the individual modules of the system functions as specified by the 

requirements. The integration tests that the flow of data between the modules is what they’re 

supposed to be according to Jha [10]. 

2.2.3.3 Systems test 

System tests are performed at system level to test that the system fulfils the system 

requirements according to Jha [10]. Usually this requires stimulating inputs and capturing the 

outputs of the system interface. 

2.2.3.4 Regression tests 

Regression testing is the act of retesting already tested software, after the system has been 

modified according to Harrold [13]. 80 % of the overall testing budget are consumed by 

regression testing. The aim of regression testing is to verify that new changes done to the 

system doesn’t break existing functionality and to improve confidence that the changes works 

as they are meant to. 

2.2.4 X-in-the-Loop 

Because of the aspects inherent to CPS, such as timing and power consumption, development 

is often done with models (e.g. as Model Based Development) using Labview or Simulink or 

another modelling language according to Shokry et al. [14]. By modelling the system, it is 

possible to simulate the system, and verify it by using X-in-the-loop methods. X-in-the-loop 

methods provides four testing configuration. 

The four testing configurations are: 

o MiL – Model in the Loop 

MiL testing is done to analyse the model of together with a plant model. 

o SiL – Software in the Loop 

SiL testing tests system software together with a plant model. The software can be 

generated from the model. 

o PiL – Processor in the Loop 

Here real object codes are tested on a simulated target processor. The input to the 

processor is still simulated by the plant model. 

o HiL – Hardware in the Loop 

Here the system software is flashed into the target ECU-controller. The environment is 

simulated by a real-time simulation system. 

 

2.2.5 Functional Safety 

Functional safety is according to the ISO26262 standard [15] the absence of unreasonable risk 

due to any source of harm caused by hazardous events, which is, among other things, 

influenced by the development process.  

The standard ISO 26262 [15] is according to itself a “…guidance to avoid these risks by 

providing appropriate requirements and processes.” and provides a framework for functional 
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safety of Electrical/Electronic systems (E/E systems), especially for E/E systems installed in 

series production of passenger cars. Among other things it provides and “automotive safety 

life cycle”, which includes management and development, and specifies that functional safety 

is influenced by the development process, which includes activities such as requirement 

specification, design, implementation, integration, verification, validation and configuration. 

Key tasks to manage functional safety is planning, coordinating and documenting the safety 

activities of all phases of the safety life cycle, and to have an active safety culture, which 

supports and encourages the effective achievement of functional safety. 

 

2.3 CI 

CI is according to Fowler [3] a term that originated as one of the twelve Extreme 

Programming development process practices. But the idea of continuously integrating 

software is not new. As the size of software files have grown, so has the complexity of 

integrating them into a system according to Duvall et al. [12]. Nightly build have been around 

as a practice for years, and CI is the next step.  

The general idea is that small changes in the code of a software system are frequently 

integrated into the mainline of the project and “built” as soon as they are committed. The 

build is “… a set of activities to generate, test, inspect and deploy software.” according to 

Duvall et al [12]. This means that the system should be compiled, tested, preferably on a 

separate integration machine, and inspected as soon as a change has been implemented and 

committed.  

As soon as the system has been built feedback should be sent to the developers according to 

van der Storm [16]. The goal for the developers is to keep the status of the system “green”, 

i.e. a state in which the tests hasn’t managed to find any faults; if the system “breaks” then the 

top priority is fix the system as soon as possible.   

There are many advantages to be gained by implementing CI at a high level. Risks that exist 

during software development can be avoided, and software quality can be improved according 

to Duvall et al. [12]. According to Bosch et al. [17] there is a relation between CI and agile 

testing methods, continuous integration is perceived to have a positive effect on 

communication and that continuous integration improves developer productivity. To achieve 

this some key-practices and features have been defined as recommended practice, such as 

automating the processes that can be automated, keeping a common repository and quick 

feedback to the developers.  

The way CI has been implemented differs greatly according to Bosch et al. [18], who further 

states that since the difference in implementation is so great, a simple comparison between 

industries with regard to the result of continuous integrations cannot be done. The benefits of 

continuous integration seem to be uniform, but the practice of continuous integration seems 

not to be.  

The CIViT-model can be used to understand how and to what level of success CI has been 

implemented according to Nilsson et al. [19]. It is a model to visualize the testing activities 

and identifying the next step towards improving the process. 

The model, seen in Figure 2, is constructed as a graph where the horizontal axis represents the 

time interval of the testing, where months are closest to origo and seconds are furthest away 

The vertical axis represents the level at which a test is performed, where unit testing is closest 

to origo and tests at a customer site is farthest way. In between there are subsystem testing, 
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system testing, whole system and installation testing. In this diagram squares containing four 

smaller squares are placed depending on what level testing is done on, and which frequency 

the testing is performed at. The squares represent different testing activities such as legacy 

testing (which tests old functionality), functional testing (which tests new functionality), 

quality attribute testing (which test such non-functional attributes of the system such as 

reliability and safety), and edge testing (which tests unlikely test cases).  

These four squares are coloured differently depending on the test coverage in each square. 

The colour red represents 0 % test coverage, the colour orange represents 10-90 % test 

coverage and green represents 100 % test coverage. Test coverage in this report is seen as 

how much of the requirements are covered by the tests.  

Around the four boxes there is an edge, coloured depending on the level of automation of the 

tests. Red for no automated tests, orange for some automation and green for completely 

automated tests. The level of automation is deemed as the mean value. 

 

Figure 2 Example of the CIViT-model 

2.3.1 Continuous Deployment 

Continuous deployment can be seen as the next level of CI. To be able to implement 

continuous deployment according to Holmström et al. [20], the practices of continuous 

integration must be stable and working well. Continuous deployment is when software 

functionality is regularly deployed by the developer to customers who then also regularly 

fields it. This means that the company is able to learn from real customer usage data. To go 

from continuous integration to continuous deployment requires involvement from other 

organizational units than the R&D department, such as product management.  
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2.4 Scania Development Process 

Scania was founded 1891, according Scania [21]. Today the company mainly manufactures 

trucks and buses, but also diesel engines. Scania is one of the major automotive manufacturers 

in Sweden, as stated on Scania’s website [22]. 

2.4.1 Modularity 

Scania has developed their modular system since the 30s, according to Scania’s website [23]. 

This modular system increases customization possibilities for customers, and makes it 

possible to tailor every truck to the individual customer’s specific needs. The key concepts are 

standardised interfaces, few components and carefully defined steps for each line of 

components [23]. The advantages of the modularised system are tailored vehicles for 

customers, global increase of access to parts, simplified repairs, shortened downtimes and 

assurance of a high quality level at workshops. 

The modularisation system includes the electrical system. Therefore the development the 

electrical system must adjust to the modularisation concept. Additionally, all new 

functionality implemented must be backward compatible, as the electrical system is the same 

for all variations of vehicles, and therefor when implementing new functionality, it must be 

compatible with the rest of the system. 

2.4.2 Introduction of Design Changes 

Every change implemented in the electrical system in a CPS has the potential to affect other 

systems than the one where the change was implemented. At Scania, when a change is 

initiated in the electrical system, there is a process meant to plan and coordinate groups 

responsible for systems that might be affected by the changed. The process, a rough overview 

seen in Figure 3, defines the deliverables and provides grounds for decision to the timing of 

introduction of those changes.  

 

 

The process starts of with the creation of a change request (CR). A CR should be created for 

every change that affects the electrical system, and it should be written as early as possible. A 

CR should be written when a new function is introduced, change of existing functionality, 

change of parameters, change of signal flow between systems, change in system interface, 

introduction of a new system and introduction of new HW.  

After a CR is created, it is presented in a Systems meeting, where the change is described to 

other system or functions owners. It is seen as a forum for informing and discussion the CRs.  

Figure 3 Overview of the CR-process 
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After the systems meeting, there is a start-up meeting. The purpose of the start up meeting is 

to affirm that the resources necessary for examining how the CRs should be implemented are 

available.  

To make an informed estimation of how much resources are necessary to implement the CR, 

the high level requirements and systemization must be defined. Therefore systemization 

meetings are held with system architects and the systems affected by the CR. 

The decision meeting follows the systemization meeting. Now all the affected systems and 

integration testers should have good understanding of how much resources are necessary to 

implement the CR, and can make an informed decision about a realistic deadline. Otherwise a 

new deadline has to be set.  

After the decision meeting the CR is implemented. During the implementation, unit and 

subsystem testing is done. Then, after integration, it is time for integration testing. Integration 

testing is the term used at Scania for full system testing. The integration tests are done every 

four weeks, where two weeks are spent preparing the tests, and two weeks are spent running 

the tests. The groups RESI and REST do the integration tests at Scania. 
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CHAPTER 3  

METHOD 

In this chapter the method of gathering data is presented. The purpose of the data gathering is 

to get the necessary data to be able to answer the research questions “What are the obstacles 

for CI for CPS vehicles” and “Are there additional obstacles for autonomous vehicles”. The 

data gathered in sections 3.1 and 3.2, will be used to answer the first question, and the data 

gathered in section 3.3 will be used to answer the second question. Section 3.1 presents the 

method of gathering data for the study of CI for CPS. Section 3.2 presents the method of 

gathering data for a study of how CI has been implemented at Scania. Section 3.3 presents the 

methods of gathering data for the study of how to implement CI for autonomous vehicles . 

3.1 External Analysis of CI for CPS 

The purpose of the external analysis is to get an overview of the practice of CI for CPS to 

understand what obstacles are experienced when utilizing CI for CPS, from an industrial and 

academic perspective. The data gathered in the external analysis is also used as a frame of 

reference to understand the obstacles discovered in the case study at Scania and relate them to 

the obstacles identified in the external analysis. To do so a literature study and interviews with 

experts in the field were conducted. The sections below will clarify the details of how the 

interviews and the literature analysis were conducted.  

3.1.1 Interviews 

The aim of the interviews was to get an industrial and academic perspective of the field. Since 

the application of CI for CPS systems are rather new, and not much has been written about it, 

it seemed prudent to conduct interviews, and thus gain access to information that hasn’t 

become available in the form of scientific articles. The interview objects where chosen with 

the help of supervisors at both Scania and KTH.  

Before the interviews, a pre-study was performed, were the specific application area of the 

interview object was studied to get an understanding of what area the interview objects were 

experts in. The interviews were constructed around the issues of why continuous integration is 

necessary, what the common obstacles for continuous integration are and whether there is a 

case when continuous integration should not be endeavoured. When possible the interviews 

focused on the interview subjects own experiences when implementing CI.  

The interview was recorded and transcribed at a later point. The interview with Daniel Ståhl 

and Rickard Andersson were conducted in the presence of an industrial supervisor from 

Scania. 

After transcribing the interview recordings, the transcriptions was analysed by meaning 

coding, which is when sections of the interview are tagged with different types of code 

depending on the content, as described by Kvale et al. [24]. The codes can either be pre-

determined, or defined during the analysis. In this case high level codes where pre-defined, 

while lower level codes where defined during the analysis. This was done to ensure that all 

the interviews were analysed systematically and in the same way. By doing so it was possible 

to identify the data collected, and sort it. It also made it possible to quickly and smoothly find 

the relevant information at later stages in the analysis. Additionally, it also ensured that the 

author had a very good knowledge of the data in the interviews. 
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Below there will be a table with the interview subjects’ names and profession. A more in 

depth description of their various roles as well as the in depth focus for the interviews are 

available in Appendix A. 

Name Profession  Company/University 

Jan Bosch Professor in Software Development Chalmers University 

Daniel Ståhl and 

Rickard Andersson 

CI Subject Matter and Software Development 

Researcher 

Ericsson 

Jonn Lantz Technical Expert in Continuous Deployment Volvo Cars 

Table 1 Table of the interview subjects in the external analysis 

3.1.2 Literature Analysis 

The literature analysis’ goal was to get an overview of what articles has been written about 

implementing CI for CPS, and to get an overview of trends in the literature and thereby draw 

conclusions about what is conceived to be obstacles in the implementation of CI for CPS. To 

achieve this two resources for such articles, IEEE Xplore, and Inspec were used.  

The search string used to find the relevant resources were: 

((Real time OR Cyber physical system* OR Embedded system*) AND "CI" )) 

The search string includes the term Cyber Physical Systems, and relevant synonyms, and the 

term CI, since a narrower search string was deemed unlikely to yield many matches. 

The interesting resources where picked by sorting the result of the search by most cited, 

where such option existed. Otherwise the result was sorted by the most recent additions. The 

five most cited text were then chosen and read. This method had to be revised, since it became 

apparent that the term CI not only referred to CI, the development method. Therefor the first 

five resources with relevant content were chosen.   

At IEEE Xplore the result of the search was 17 resources, where the 5 most cited where 

chosen. At Engineering Village; at Inspec the result of the search was 14, where the number 

of sources that were deemed usable was 4. 

The chosen resources are presented below in Table 2, and a detailed description is available in 

Appendix C. 
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Database Title Authors 

IEEE 

Xplore 

Climbing the ”Stairway to Heaven [20] Holmström Olsson, Helena; 

Alahyari, Hiva; Bosch, Jan 

IEEE 

Xplore 

CiCUTS: Combining System Execution Modeling Tools with 

CI Environments [25] 

Hill, James H; Schmidt, 

Douglas C; Porter, Adam A; 

Slaby, John M 

IEEE 

Xplore 

Pushing the Boundries of Testing and CI [26] Cannizzo, Fabrizio; Clutton, 

Robbie; Ramesh, Raghav 

IEEE 

Xplore 

Functional Testing of Complex Event Processing Applications 

[27] 

Weiss, Johannes; Mandl, Peter; 

Schill , Alexander 

IEEE 

Xplore 

A Scalable Autotest Platform For Embedded System [28] Liu, Di; Su, Qiao; Xie, Yan 

Engineering 

Village, 

Inspec 

Exploiting Timed Automata for Conformance Testing of Power 

Measurements [29] 

Woehrle, Matthias; Lampka, 

Kai; Thiele, Lothar 

Engineering 

Village, 

Inspec 

uBuild: Automated Testing and Performance Evaluation of 

Embedded Linux Systems [30] 

Erculiani, Fabio; Abeni, Luca; 

Palopoli, Luigi 

Engineering 

Village, 

Inspec 

Applying Industrial-Strength Testing Techniques to Critical 

Care Medical Equipment [31] 

Woskowski, Christoph 

Engineering 

Village, 

Inspec 

Online and Offline Determination of QT and PR Interval and 

QRS Duration in Electrocardiography [32] 

Bachler, Martin; Mayer, 

Christopher; Hametner, 

Bernhard; Wassertheurer, 

Siegfried; Holzinger, Andreas 

Table 2 Table of results of literature search for implementation of CI for CPS 

3.2 CI at Scania 

To evaluate the level of CI at the development process at Scania, and the existing obstacles, 

the current development process must be evaluated. To get coverage of the development 

processes at Scania, interviews were conducted with employees at Scania, experts of different 

roles of the development phase. The chosen roles where deemed to cover the essential parts of 

the CR-process. Those roles where: 

 System Architect 

 Safety Architect 

 System Owner 

 Function Owner  

 Coder 

 Function Tester 

 Integration Tester 

Before every interview a pre-study was made based on the information available on the 

company intranet about the interviewee’s responsibility and work flow. The aim of the pre-

study was to gain an understanding of how the work process was intended to be, and the aim 

of the interview was to explore the actual process. The pre-study was then used to formulate 

and structure the interview, by going through each stage of the work process defined by the 
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pre-study in the interview. Deviations were noted when the information was inconsistent, or 

not available. Also, since qualitative interviews were conducted, the flow of the interview did 

not always follow the defined questionnaire. The interviewer decided that the flow of the 

interview was more important that to stick to the order of the questions.  

The aim of each interview was to understand the development process, with focus on what, 

how and when each group delivers their deliverable, communication between groups, how CI 

affects the employees, and how the architecture of the system affects the development. 

The interviews were recorded, transcribed and analysed in the same fashion and for the same 

reasons described above in subsection 3.1.1. 

After the interviews preliminary conclusions were defined, and a member check, in the form 

of a workshop, was held where these were verified by the interview subjects from Scania who 

could attend. 

The interview subjects were chosen together with the supervisor at Scania. The interviews 

were recorded and transcribed before analysis. The industrial supervisor was present at all the 

interviews except for those with Anna Beckman and David Ahlstig. The interview subjects 

are listed below in Table 2, and a more in depth description of the interview subjects and their 

respective responsibilities at Scania can be found in Appendix A. 

 

Name Role Group 

Per Roos System Architect RESA 

Anna Beckman Safety Architect RESA 

Viktor Antevski System Owner NEC 

Simon Wretblad Function Owner REVC 

Felix Foborg Function Owner REVC 

Mengxi Hui Coder REVE 

Christoffer Lindblom Function Tester REVT 

Anders Pettersson Integration Tester RESI 

David Ahlstig Integration Tester REST 

Table 3 List of Interview subjects at Scania 

3.3 Autonomous Systems 

The aim of the research focused on autonomous systems was to get an academic and 

industrial perspective on what autonomous systems, and especially autonomous vehicles, 

requires from development processes. To find out whether the current methods of verification, 

safety analysis and development are enough, or if there is a need for changes. In other words, 

are there additional obstacles for implementing CI for autonomous vehicles that does not exist 

for CPS, or are they the same, only put to the extreme.  

3.3.1 Interviews 

Interviews were decided to be the optimal way of getting relevant data, since most of the 

information available in the literature seems concerned with specific methods of verification 

or safety analysis, rather than providing an overview. 
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The interview subjects were chosen together with the supervisors from Scania and KTH. The 

intention was to get both an industrial and an academic perspective. It was also relevant to get 

a general perspective on what autonomous systems might entail to understand the 

implications such a system might have on the development process, as well as more specific 

examples at Scania. Table 4 below lists the interview subjects. A complete list with 

descriptions of the interview subjects as well as the focus for the interviews can be found in 

Appendix A.  

The interviews where recorded, analysed and transcribed in the same way, and for the same 

reasons as described in subsection 3.1.1. 

The interview was prepared by considering the wanted information in respect to the interview 

subject’s area of expertise. The interviews were recorded and then transcribed before analysis.  

 

Name Profession Company/University 

Martin Törngren Professor in Embedded Systems KTH 

Jonas Nilsson Team Leader in Drive Me-project Volvo 

Per Roos Systems Architect Scania 

Anna Beckman Safety Architect Scania 

Table 4 Interview subjects for research of autonomous vehicles 

3.3.2 Literature Analysis 

The aim of the literature analysis was to get an overview of the themes studied with regard to 

autonomous systems. The focus was on methods of verification, because this subject touches 

upon both development processes and safety analysis. 

The search string used for finding resources:  

(((("CPS" OR "Cyber-Physical Systems") OR "Embedded Systems") AND 

"Autonom*") AND verification) 

The resources found were sorted into most cited, or if that wasn’t an alternative after the most 

recently published. Then the top 5 relevant resources were picked to be used in the literature 

analysis.  

The resources chosen will be listen in Table 5, and a more in depth description of the 

resources are available in Appendix C. 
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Database Title Authors 

IEEE Xplore Real-time Property Verification in Organic Computing 

Systems [33] 

Stein, Steffen; Hamann, Arne; 

Ernst, Rolf 

IEEE Xplore HyDI: a language for symbolic hybrid systems with 

discrete interaction [34] 

Cimatti, Alessandro; Mover, 

Sergio; Tonetta, Stefano 

IEEE Xplore Open Problems in Verification and Refinement of 

Autonomous Robotic Systems [35] 

Bresolin, Davide; Guglielmo, 

Luigi Di; Muradore, Riccardo; 

Fiorini, Paolo; Villa, Tiziano 

IEEE Xplore Supporting Heterogeneity in Cyber-Physical Systems 

Architectures  [36] 

Rajhans, Akshay; Bhave, 

Ajinkya; Ruchkin, Ivan; Krogh, 

Bruce H; Garlan, David; Platzer, 

Andre; Schmerl, Bradley 

IEEE Xplore Verifying Cyber-Physical Interactions in Safety-Critical 

Systems [37] 

Mitra, Sayan; Wongpiromsarn, 

Tichakorn; Murray, Richard M 

Engineering 

Village, Inspec 

Obtaining trust in autonomous systems: tools for formal 

model synthesis and validation [38] 

Heitmeyer , Constance L; 

Leonard, Elizabeth I 

Engineering 

Village, Inspec 

Formal methods for semi- autonomous driving [39]  Seshia, Sanjit A; Sadigh, Dorsa; 

Sastry, S Shankar 

Engineering 

Village, Inspec 

A Conceptual Reference Model of Modeling and 

Verification Concepts for Hybrid Systems [40] 

Müller, Andreas; Mitsch, Stefan; 

Retschitzegger, Werner; 

Schwinger, Wieland 

Engineering 

Village, Inspec 

The Role of Parts in the System Behaviour [41] Di Ruscio, Davide; Malavolta, 

Ivano; Pelliccione, Patrizio 

Engineering 

Village, Inspec 

Towards Performance-Aware Engineering of Autonomic 

Component Ensembles [42] 

Bures, Tomas; Horky, Vojtech; 

Michal, Kit; Marek, Lukas; 

Tuma, Petr 

Table 5 Table of result of literature search of verification of autonomous CPS 
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CHAPTER 4  

ANALYSIS 

This chapter will present the how the gathered data was analysed, as well as the result of the 

analysis. The section 4.1 presents the analysis of the data for the external analysis of CI for 

the CPS. The section 4.2 presents the analysis of the case study at Scania. The section 4.3 

presents the analysis of how autonomous CPS will affect CI, and if there will be any 

additional obstacles. 

4.1 External Analysis of CI for CPS 

In this section the analysis of the data gathered for the external analysis of the implementation 

of CI for CPS will be presented. Subsection 4.1.1 will contain the result of the literature 

analysis. Subsection 4.1.2 contains the data from the interviews concerning the obstacles the 

interview subjects experienced when implementing CI. In the analysis of the interviews, there 

was also data concerning of what CI in a CPS context is, how it can be implemented and why 

it is beneficial. As this is not strictly in the scope of this study, it is available is   
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Appendix D. 

4.1.1 Literature Analysis 

The result of the literature analysis, where the aim was to get an overview of the trends within 

this particular field, showed that five of the chosen articles concerned testing. Either it 

highlighted the necessity of high testability of complex event processing applications [27] or 

depicted various difficulties in automating tests for CPS [28] [29] [31] [30].  

Two of the resources were case studies describing the how CI has been implemented in 

various companies, among those systems which are more or less Cyber Physical [26] [20]. 

The remaining two resources discusses how CI environments where used in development of 

CPS, where the development was not seen as CI, but a more continuous testing was desirable. 

[25] [32] The resources discuss the tools very fleetingly. 

Based on the literature analysis it seems safe to assume that a majority of the most high 

profile research concerning CI concerns the automation of testing platforms, and the difficulty 

in doing so for CPS. 

4.1.2 Obstacles to CI for CPS 

The content in this section contains data regarding obstacle to CI for CPS from the interviews 

with the interview subjects mentioned in Subsection 3.1.1. The data has been analysed with 

the same method as described in Subsection 3.1.1, with the codes in Table 6, seen below, 

referring to the obstacles experienced by the interview subjects. A complete list of all the 

codes used in the thesis can be found in Appendix B. 
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High-level Code Low-level Code Description 

[Obst:  Content related to obstacles experienced by the interview 

subject. 

 …: auto] Obstacle related to automation of processes 

 …: saf] Obstacle related to safety issues 

 …: CPS] Obstacles related to CPS 

 …:trac] Obstacles related to traceability 

 …:arch] Obstacles related to systems architecture 

Table 6 Codes used for analysing obstacles in the external analysis 

This section contains the first cycle and second cycle of analysis. The first cycle presents the 

data sorted after the lower level codes. In the second cycle of analysis the obstacles identified 

from the first cycle of analysis is condensed even further, into a bullet point list. By doing this 

it is possible to both present the obstacles in their context, as well as in a more manageable 

form where they can be sorted into the categories presented in Section1.5. It also makes it 

easier to discuss the obstacles and draw conclusions, as presented in Chapter 5.  

4.1.2.1 1st Cycle 

After the first cycle of analysis the data has been sorted after the low-level code they have 

been linked to. 

CPS 

Both Jonn Lantz and Jan Bosch identify cost as a greater obstacle for implementing CI for 

CPS than for traditional pure software systems. This because it is necessary to test not only 

the software, but the software together with the hardware in labs with rigs built for this 

purpose. Jonn Lantz believes that it is more challenging for the automotive industry, due to 

the varying environments an automotive CPS must function in. It must therefore be modelled 

in HiL and MiL rigs, which allows one to “slow down nature” and see how the system reacts. 

The need for physical test rigs has been solved by one company Jan Bosch has worked with 

by making test boards available for developers for testing, and another company has five test 

stands next to each other with different hardware configurations so they can test different 

software configurations. It is also mentioned in the interview with Jonn Lantz that it is an 

obstacle to work with the models throughout different levels of testing: there has been 

difficulty in handling the model file formats, and making different models with different file 

formats work with each other.  

By working with models Jonn Lantz estimates that it is possible to catch 90% of the faults in 

the system. But it is not possible to conclude everything from a model, since it is not possible 

to model effectively enough. So it is still necessary to utilize test vehicles at the same stages 

as before. For example, it just isn’t possible to model the packing of electronics in a car in the 

smallest detail, but it may still have an effect on the car. 

Jonn Lantz also identifies the lack of methods for formal verification of CPS as an obstacle 

for CI. The problem seems to lie in the fact that the code must be verified together with the 

mechatronic system. But in many cases it is enough to do code analysis. He also identifies a 

lack of tools that support regression tests for model based development. There is a lack of 

model based thinking. Too many people think of models as a tool for analysis. It might be 
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because model based development traditionally has been used in industries with longer test 

loops.  

Architecture 

Architecture is challenging when implementing CI, which is apparent in the interviews. All 

the interviews points to the same problem, that the more complex the architecture is the 

costlier the CI. However, the interviewees have different experiences and takes on the 

challenge of handling this.  

Jonn Lantz at Volvo mentions that the developers gamblesthat their change will not affect the 

rest of the system, and do not test on full system level; presumably because it is more difficult 

to do regressions test on full system level.  

Architecture can be an obstacle, since Ericsson at least once had the architecture of the system 

adapted to work better with CI and deployed entire teams only to keeping Continuous 

integration loops going. 

During the interview at Ericsson it was mentioned that it is not possible to work with CI on a 

big monolith because of the change volume. The architecture has therefore been broken down 

into modules. The bigger a project is and the more developers work with the same system, the 

more complex. After a certain point it will no longer be individual revisions being tested, but 

instead batches of revisions. Not only is the probability of a big number of revisions working 

together smaller, it is also difficult to relate a fault to an individual revision in batches of 

revisions. To manage this problem, either the system architecture has to be modular, or one 

has to work with branches. The latter was seen as the disadvantageous choice in this context. 

It was also noticed at Ericsson that the bigger the project was, the more employees are 

required to make sure that the CI machinery goes smoothly. 

At Ericsson it has also been a long-standing problem with big bang functionality. When there 

is a big function which demands input from many different nodes, then it is difficult to test 

before everything is in place. It is difficult to make sure that the functionality doesn’t disturb 

other parts of the system. This is an old problem. 

Jan Bosch identifies highly interconnected systems as something that affects how CI is 

implemented. If a system is highly interconnected, then focus must be on the more expansive 

system testing (mentioned by Ericsson), rather than unit testing. The reason why many 

companies´ architectures are highly interconnected is according to Jan Bosch that the 

architectures have been around for 10 to 20 years. The architectures have evolved since they 

were created, which according to Jan Bosch is difficult to work with, and too costly and too 

slow to develop. If there is a change in a non-safety critical part of the system, and it is 

connected to safety critical parts of the system, the system has to be re-certified. This is 

expensive. He sees a need for system architecture to be simplified and further modularized, 

preferably by separating safety critical from non-safety critical parts of the system entirely. 

This might remain a problem, since according to Jonn Lantz it is not a possible to have 

completely parallel systems that are entirely independent from each other. However, he sees 

the need of simplifying the architecture. At Volvo there is currently research being done on 

evaluating what functionality is actually used by customer: it is entirely possible that current 

systems will be simplified, focusing on the features that customers actually use. This will 

probably be a necessity to be able to handle the growing complexity of automotive systems.  
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Automated Testing 

At Volvo, the current difficulty is to achieve automatic regression tests at full system level in 

the MiL and HiL-rigs, where manual tests of the product are necessary still. An obstacle for 

automating tests mentioned in the interview is that it is difficult to automate testing processes 

with models, since compatibility between file types and file transformation has to be 

considered. If there are any changes to the hardware system, the changes must be handled 

manually.  

At Ericsson the goal is to automate all work tasks that are repetitive. However not all testing 

activity is repetitive, such as exploratory testing. Therefore exploratory testing may be 

difficult to automate. They have also experienced that it is difficult to test new functionality. 

In some parts of the organization they have achieved test driven development, but they stress 

the importance of separating the tests that are meant to fail from the regression test suite, so as 

to not contaminate it. It is very important to have a dependable regression test suite.  

Furthermore, everything should not be automated. In the interview at Ericsson the experts 

specified that repetitive tasks could be automated, but others should not. As an example, 

according to Daniel Ståhl, research has shown that code reviews among colleagues is one of 

the best ways to build in quality in the system.  

It was also stated in the interview that the need to work with exploratory testing still exist. 

There have been engineers who have been very skilful in the craft of testing, but as of the 

introduction of CI they have disappeared. This is bad, since there exists a need of 

collaboration with skilful engineers who work fulltime with trying to break the system. They 

have also noticed that though CI is very helpful for the individual developer, as the developer 

can track his or her code and the tests it fails or passes, it is challenging for the full system 

tester as it is easier to work in branches on full system level, rather than continuously building 

on the main branch. 

Jan Bosch also mentions two obstacles in the interview. Firstly, certification institutes, 

institutes which assesses how well a product conforms to a standard according to Boulanger 

[43], do not allow CI as a development process. Secondly, many companies have difficulties 

with automating tests of graphical user interfaces. Jan Bosch and a graduate student are just 

now developing a solution for the latter problem.  

One obstacle for faster feedback time to the developer is that some test needs to run for a 

longer time. In the interview at Volvo Jonn Lantz mentions that systems containing both 

mechanical and software parts must be tested together, in real time. This means that it is not 

possible to achieve the feedback loop times of Amazon or Ericsson. At Ericsson the experts 

mentions certain types of tests, such a load testing tests or memory leakage, which in some 

cases takes days to run. The ambition to run such tests in suites under 10 minutes is not 

feasible. The risk of this is not only the time it takes for the developer to get feedback, but the 

longer time a test runs, the further back the system has to be backed if a fault is discovered. 

During the interviews the subject of how the focus on feedback time affects the development 

process was brought up. At Ericsson experts identify overconfidence in automated testing as a 

big pitfall in implementing CI. It is not possible to automate all testing, since it is not possible 

to foresee everything that needs to be tested. Also there is a danger in relying too much on the 

results of the automated tests, especially if there is no understanding of the questions the tests 

answers. A related problem is that, when implementing CI, a lot of focus tends to lie on 

minimizing the run time of the tests, rather than understanding what is actually meant to be 

implemented. 
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According to Jan Bosch many companies struggle with automation of tests. Humans tend to 

think that slow manual testing is superior to automated testing. They believe you get a better 

outcome. According to Jan Bosch, there is no evidence of that what so ever. However, some 

safety critical systems require a high testing intensity with a human in the loop, which might 

be unreasonable to have as part of a CI-cycle. 

How important is it to get quick feedback after committing software to test? This question 

was answered differently in the interviews. According to Jonn Lantz it depended on at which 

level the tests were run. It is more important to get quick feedback on unit-level than on 

system level. Even though the test results arrive after 5 seconds on system level, they still 

have to be analysed.  Right now, in the automotive industry there are no economic incentives 

to have faster feedback loops either. However, the best way to improve CI is to pick up the 

speed of the testing loops, since that will reveal the bottlenecks in the development process. 

As a tool for that, it is a good idea to measure how long bug fixes take.  

During the interview at Ericsson they stated that the time of feedback is very important, since 

even if a fault is only three days old, it can still be difficult to follow up. Also the industry 

standard for loop time is shortened so quickly that loop times that previously where seen as 

adequate now are considered to be incredibly slow. 

Traceability 

Documentation and traceability, being able to trace tests to requirements, was discussed in all 

three interviews. According to both Jonn Lantz of Volvo and the experts from Ericsson 

traceability is a necessity to keep track of the information that is provided by the increasing 

feedback CI provides. He also states that if the system is such that it has to be manually 

verified, then the tester must have easy access to the software he/she is testing, from the IO to 

the block model representing the software. At Ericsson they also make the point that it is 

essential to have documentation to understand what answers the automatic test suites 

provides.  

At Ericsson they also make the distinction between documentation of the information from 

the CI environment and product documentation. The former includes what test cases have 

been run, what failed, and what passed, what requirements have been implemented and so on. 

This information has been found to be easier to generate and organise within the CI 

environment. The latter must be up to date with the changes in the software, especially if 

Continuous Deployment is the aim of the CI practice. But the experts seem to agree on that 

handling product documentation is not harder when implementing Continuous integration, 

than when working with more traditional development methods. 

In the interview with Jan Bosch the difficulty of making sure that the amount of information 

is the right one is discussed. He states that there are two types of information needs; one is 

very ad hoc, where you want answers to a specific question; and the other is more of a 

continuous visualization. The amount of information to satisfy these needs are very different: 

in the latter less is more, while for the former it depends on what the question is. He also 

states that the amount of information required varies greatly between companies.  

Jan Bosch states that it is a challenge to manage traceability, but the problem existed before 

CI started to be employed. He also mentions that Daniel Ståhl has a solution for the 

traceability problem, which is used at Ericsson. This might explain why in the interview at 

Ericsson they don’t see traceability as a problem; they even state that CI is helpful in 

managing traceability during the development process.  



Chapter 4 Analysis 

 27 

In the interview at Volvo Jonn Lantz states that automatically generated documentation is a 

necessity to manage documentation for a system constantly under development. The difficulty 

in managing the documentation lies in keeping the different parts of the system together and 

keeping track of all the different variants of the system.  

 

Safety 

None of the interviews states that highly safety critical systems are impossible to develop with 

CI. However, all of the interview subjects point out that testing becomes an even bigger issue 

if the system under development is a safety-critical one. Jonn Lantz believes that the CI parts 

do not have to be changed, but a safety critical system requires a higher level of test coverage. 

For example, redundancies that have been designed into the system must be tested separately. 

In the interview at Ericsson it was mentioned that they have done case studies at Saab on their 

Gripen development and they utilized CI for safety critical systems. The important factor is 

the confidence in the functionality of the test suite, and the real challenge is the system level 

testing. Here it is not possible to test 100 % of the system, so extensive testing analysis is 

important. 

Additionally, Jonn Lantz states that while handling a safety critical system, manual 

verification cannot be excluded. Jan Bosch also mentions similar sentiments, such as that it is 

not possible to include all the tests necessary for highly safety critical software in a CI-cycle, 

because the high test coverage demands that tests must be done with a human in the loop.  

Jan Bosch also believes that it is a problem that companies who develops critical systems 

treats all their software as if it is safety critical, which is not always the case. There exists a 

bias in humans: they tend to believe that slow manual testing is superior to automated testing. 

This might account for why many companies he’s had contact with often does extensive, 

completely manual testing. 

To handle safety critical systems, Jan Bosch states that having a separate release organization 

that does all the safety critical, or really high dependability testing, might be a suitable model. 

He also believes that by simplifying the architecture, and trying to separate non-safety critical 

parts from safety critical parts of the system might make it easier to handle safety critical 

systems.  

4.1.2.2 2nd Cycle  

In the second cycle of the analysis the obstacles discussed in Subsection 4.1.2.1 is condensed 

into bullet point and sorted into the levels: Obstacles for CI, Obstacles for CI for CPS and 

Obstacles for CI for vehicles as defined in section 1.5. The obstacles for CI are the obstacles 

experienced by the interview subjects which are caused by implementing CI, whether it is a 

pure software system or CPS. Obstacles for CI for CPS are the obstacles which originate from 

the system under development being a CPS, the obstacles for CI vehicle are the obstacles 

which originate from the system under development being a vehicle. 

Obstacles for CI  

 Human Bias is an obstacle for how well CI will be received at a workplace due to the: 

o Overreliance on automated testing, which might be even more relevant for 

safety critical systems. 
o Belief that manual testing is superior to automated testing. 

 Architecture Modularity: It is easier to handle a modular system, rather than handling 

a non-modular system. 
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 All testing activities cannot and should not be automated: Repetitive testing should be 

automated if possible, but there is testing that is not repetitive such as exploratory 

testing. 

 Revision handling: The larger the system under development, the greater the number 

of engineers working with the systems, and the bigger difficulty in managing the 
revisions. This is strongly linked to the point above regarding “Architecture 

modularity”, as it is seen as the superior way of handling this obstacle. 

Obstacles for CI for CPS 

 CPS are non-deterministic: A CPS cannot only be tested as if it is deterministic. This 

is strongly linked to “All testing activity cannot and should not be automated”, since 

non-determinism supports the notion of keeping some tests manual. 

 CPS tests are slow: Testing of CPS can be simulated, but must also be performed in 

real time. Such tests are considerably slower than those required for pure software 

development.  

 CI for CPS is costlier than CI for Software. This is due to: 

o The cost of ensuring test platform compatibility. 

o The cost of ensuring a correct model interaction. 

 Model Complexity is linked to “CPS is non-deterministic”, since it becomes difficult 

to model such a system. It is also difficult to model the environment with all the 

variations and details that may be necessary. It might also be difficult to determine 

what level of detail is necessary. 

 Automating tests on system level for CPS is seen as something very difficult, and 

therefore time consuming.  

Obstacles for CI for Vehicles 

 Certifying a safety critical system takes a lot of time, and when it has been achieved 

there is incentive to not change the system. However, as vehicles are now 

interconnected CPS, this might prove to be very difficult; especially if CI is 

implemented, as the whole point of CI is continuous change.  

 A safety critical CPS requires a higher test coverage. This is linked to and strengthen 

“Difficult to automate tests on system level”, “Costs”, ”CPS is slow” and “All testing 

activity should not be automated”. 

4.2 CI at Scania 

Here the analysed data for the interviews of the case study at Scania will be presented. The 

analysis was done in two cycles. In the first cycle the data was analysed from the interview 

transcripts by meaning coding, where the result was process models detailing the CR-process 

at Scania and a text stating the obstacles the test subjects experienced during the process. In 

the second cycle the analysed data from the first cycle is condensed into a more easily read 

form. The data in the process models are used to create a CIViT-model, as described in 

section 2.3, to evaluate the implementation of CI at Scania. This has the same benefits as 

described in Subsection 4.1.2, to both present the obstacles in their context as well as in a 

more manageable way, which makes it easier to compare them to each other, and the 

obstacles in the identified in the external analysis, as presented in Chapter 5. 



Chapter 4 Analysis 

 29 

4.2.1 1st cycle 

The process models are intended as tools to better understand the process of development at 

Scania. To understand the obstacles for CI at Scania, it is important to understand how the 

development process works from the perspective of those who enforce it. This is important, as 

there might be a difference between how processes are described generally and how they 

actually are. Therefore, in this section three process models will be shown, which will explain 

the change management process from when a change is proposed to when it goes through 

integration test. The process models will present events in the development process up to the 

start of production, start of long test drive, and start of customer production. This is called the 

CR-process, where CR stands for Change Request at Scania. 

The process has been modelled in a fashion that follows the Event-driven Process Chains 

notation, which was chosen to focus on the events that occurs in the process as presented by 

Mendling et al. [44]. In Event-driven Process Chains the functions are depicted, as green 

rectangles and represent the tasks in the process that might get executed. Events (the red 

hexagons) describes the function before and after the events. The logical connector, grey 

circles, defines the routing rules for the process. In the models below three types of 

connectors are used: AND (which represents concurring events and functions), XOR (for 

exclusive choice of events and functions), and OR (inclusive choice of events and functions). 

The logical connectors can be placed before exclusive or multiple tasks, and before separate 

paths merges into the same task. Three process models will be supplemented with written 

descriptions of the events, the functions and the logical connectors. 

The obstacles comprise solely of when the interview subject stated that something is 

experienced as an obstacle.  

The data for both the process models and obstacles where analysed by meaning coding, and 

the codes can be seen in Table 7 below. The high level codes where predetermined, while the 

lower level codes where determined during the process of analysis. A complete list of all the 

code words used in the entire analysis in the thesis can be found in Appendix B.  
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Code word Sub-code 

word 

Subsub –

code word 

Subsubsub-

code word 

Explanation 

[Gen: ]    General mention of subject of interest. 

 …:term   Term is explained 

[Pro: ]    Process related data 

 … : ext   External Process: Processes and actions of 

groups outside the interview subject 

 … : int   Internal Process: The process of the group 

of the interview subject 

  … :time  Timing of internal process includes all 

details of when an action of the process is 

performed 

  …: in  Input to process: information that hasn’t 

been generated by an action within the 

process and the group of the interview 

subject. 

  … : dok  Output to process: Information the group 

produces, meant for future internal work or 

external groups. 

  …: dev  Deviation from how the process is 

supposed to be performed. 

  … : act  Action in process: Descriptions of work 

that is done within the process. 

   Meeting When an action is a meeting. 

   prep When action is a preparatory act, including 

systemization and CR handling of 

requirements. 

   design Data related to the design phase of the CR-

process. 

   impl Data related to the implantation phase of 

the CR-process. 

   Test Data related to the test phase of the CR-

process. 

   Analy Data related to the analysis part of the CR-

process 

[Obst:]    Data related to obstacles in the process 

 [exp]   Data related to obstacles experienced by 

the interview subject. 

Table 7 Codes used during analysis of the Scania CR-process 

4.2.1.1 Preparation 

The model and obstacles below describes the actions from the time that the CR goes from the 

concept phase to when it is ready for implementation. The data has been taken from the 

interviews with the Safety Architect, System Architect, Function Owner and System Owner, 

which are mentioned in section 3.2.  
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Process Model 

The model below visualizes the events that lead from the moment a CR is created to the 

decision regarding whether the change request is either approved or denied. 
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Creating CR 

When the function owners are asked what initiates the creation of a CR, they state that they do 

it in response of either of three events: function growth, adjustment to function growth in 

other systems and to correct bugs.  The one who creates a CR is called the CR owner, and is 

most often a function owners or system owners. Included in creating the CR is deciding the 

start of production date, the start of integration testing and a general description of the change 

that is being requested. 

System Meeting 

The system meeting is a weekly meeting going through the CRs that has been submitted the 

week before. It is an opportunity to spread information, and get feedback from the other 

attendees of the meeting, in an informal setting. No decisions are made during the meeting.  

Safety Analysis 

The safety analysis is based on the information provided in JIRA, an issue and project 

tracking platform. The safety analysis comprises of a rough estimation of how dangerous the 

function can become. In many cases it is rated very high, because there are still many question 

marks that has to be answered in how the function should be implemented, but as it gets 

clearer the function can be rated lower.  

Start Up Meeting 

The start up meeting is a meeting with the heads of the different groups okay the use of 

resources to start up investigations of how to implement the change 

Systemization Meeting 

The systemization meeting is part of the investigation of how the functionality should be 

implemented, which primarily concerns the interfaces and allocation elements between the 

ECUs.  

Systemization 

The systemization is done after the systemization meeting, by the system architects. 

Decision Meeting 

During the decision meeting it is decided if the change request can proceed to implementation 

or not, GO or NO GO. It depends on the the availability of resources to implement the change, 

as well as the testability of the change. It is seen as the last instance when concern about the 

implementation of the CR can be raised. 

Obstacles 

According to the safety architect from RESA a difficulty with the CRs are that they are very 

dynamic, they fill many purposes, and it is a continuing discussion if the work with the CRs 

can continue in the same fashion. Both the system owner from NEC and the safety architect 

from RESA commented on the fact that it might be too easy to change the date of when the 

fixed version of the system should be finished, and the date of when it should be integration 

tested. This makes the work of the integration testers more difficult.  

There is an optimization problem that has to be solved when handling the processes: the 

development processes for the different groups are not unified and conformed, since they 

have very different needs. However, it is difficult to coordinate processes that are too different 

according to safety architect. The system architect also states that more rigid processes would 
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probably have negative consequences, but might be the only way to get order in the early 

parts of the CR-process. 

The system architect states that it is a problem that the architects often have to redo their 

models of the system architecture, which he believes is caused by the development process 

allowing premature design decisions. As a consequence, the architects has to spend a lot of 

time redesigning the architecture, and the worst case scenario is that the design that has to be 

redone already is the base for other changes. The system architect stated that a solution might 

be for the tools to not allow any changes to be done outside a certain window of time. So if 

changes have to be made, then new CRs has to be created with the traceability they bring with 

them. The safety architect also believes that the FMEA should be done earlier, but the process 

allows it to be done later. She identifies the cause to be that management does not take an 

interest in the FMEA. 

There are challenges in the information channels at Scania. According to the function owners 

the integration testers have a difficult task as they first hear about a CR when it is introduced, 

then don’t hear anything about it until it is time to test it. They try to help by trying to be clear 

with what changes are to be implemented and how they should be tested, but the safety 

analysis done by the function owners is not included. 

The system owner feels that information is lost and believes that there is probably a lot of 

work of “re-inventing the wheel” at Scania due to the fact many developers work with local 

documents that cannot be accessed or found by anyone at a later stage. There is also 

information lost after meetings, as there is no official way to store notes from meetings. Even 

when the notes are saved, the motivations for decision made during meetings are not 

recorded, making it difficult to understand the reasons for decisions at a later stage. He also 

states that any potential guidelines to remedy this cannot be so strict that they stagnate the 

development process and hinders decisions from being made.  

The variability of the Scania vehicles are not an issue for the system owners, but the backward 

compatibility is difficult as it involves cross-functional work, and increased number of 

functions and CAN-communication to a point where they are hard to keep track of.  

There are currently research projects at Scania to try to understand how testability of a system 

affects the architecture, according to the system architect. He also claims that tests can be 

affected by systemization. It is therefore important to describe systems at the relevant level. 

To handle increased complexity, he believes that it is necessary to understand exactly what is 

tested, what it contributes and what is not tested. 

4.2.1.2 Implementation 

The implementation phase describes the CR-process from when it has been approved for 

implementation up to the point of system testing, the system in this case is the ECU. 

The data for the process model and corresponding obstacles where taken from interviews with 

function owners, system owner, coder and system tester.  
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Process Model 
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Definition of Functional Requirements 

During the interview with the function owners from REVC, it is indicated that specifying 

requirements for the CR is done before it gets GO on the Decision meeting. The high level 

requirements must be specified before the systemization, and there are no obstacles specifying 

the low level requirements afterwards, regardless if the CR has gotten GO or NO GO.  

There are a number of requirements and documents to be specified and written, some are to be 

used during the development process, some are for the production and some are for after-

production. The documents that will be mentioned further in this report are: 

1. AER – Allocation Element Requirement 

AERs are low-level requirements are used by the coder and tester during 

implementation. 

2. MSC – Message Sequence Chart 

The MSC is a signal flow visualization for scenarios. Scenarios are connected to a 

User Function, and describes how the User Function should work. The test cases on 

system integration level are derived from the MSCs. 

Among the documents assembled is a hazard analysis. It should consider the changes 

implemented and discuss dangerous behaviour and failure modes all the way down to the 

signal level. The hazard analysis later makes up a large part of the system FMEA. There is no 

defined timeframe for when the hazard analysis should be completed. The system owner from 

NEC states that the earlier the better, since it forces the developers to think about safety 

implications early in the development. Right now it depends on who performs the safety 

analysis, and the current workload, but he also states that safety is a primary concern for all 

employees. 

Functional Requirements Analysis 

During the function requirement analysis, the CR-owner gets feedback from the coder and 

tester on the clarity and testability of the requirements. The hazard analysis is also reviewed if 

time allows. The feedback is given face to face, and is most commonly noted by hand. The 

function requirement analysis was only discussed with the interview subjects from the REV-

group, and it is entirely possible that the practice is very different in other groups. 

Design 

The software is divided into modules at application level and designed during the design 

phase. There is no clear cut mapping between the code and requirements, and how clear the 

correlation is between them depends on the coder. The design is influenced by testability, 

readability and clarity. 

The test organisation is not involved in the creation of the software, but the software is built 

and tested with automatic regression tests and functional tests continuously during the 

development.  

Implementation 

To handle compatibility between the systems, communication between groups is important. 

There are both official and unofficial channels of communication used at Scania, and 

according to the system owner, the choice of channel depends on the safety criticality of the 

function under development. He states that he feels that the most effective mean of 

communication is informal face to face meeting, but it can lead to information being lost.  

There are no guidelines for how the code should be tagged toward the requirements, and there 

is therefore a lack of conformity. 
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Unit Test 

The unit test is done by the coder, for verification and validation of the low level 

requirements. The testing is to ensure that the code’s logic behave as intended, and is tested, 

both emulated and on a HiL-rig. The emulated tests are run automatically, while the HiL-tests 

are manual. After the test scripts have been created they are added to the regression test suite.  

Any bugs that are uncovered are reported as an issue in the local instance of JIRA. 

After unit testing the change is committed into the system. At this stage, depending on the 

change implemented, code is committed quite often. If the changes consist of tiny fixes, then 

code might be committed several times a day. 

Code Inspection 

All software that is checked into the system is also inspected. If the change is a small, then it 

is enough for a colleague to check it on an informal basis. If it is a major change or 

introduction of completely new functionality, then a meeting is called. The developer and two 

others have a week to prepare. During the meeting they are assigned different quality aspects 

to inspect the code for, such as robustness, performance, safety and so on. 

The code inspection is not done differently depending on if the function is safety critical or 

not. 

System Test 

The system test is the next stage after implementation and is done by a separate testing group. 

The purpose of the system testing is to verify the system, but it is moving toward validation as 

the verification testing is automated. The system in this case extends to the limits of the ECU. 

If time allows the testers try do exploratory and negative testing and to provoke the system. 

According to the system tester from REVT the testers try to know as small knowledge of the 

code to be able to achieve high quality testing. 

The test cases are based on the user function requirements, and should be tagged with the 

corresponding requirements, according to the system owner from NEC. According to the 

tester from REVT the test cases are seen as documentation of the testing. There are guidelines 

for how the test scripts should be written, but not as many as for the coders. The adherence to 

these guidelines depends on the specific tester. The test cases are built around AERs, and the 

testers are very carefully tagged with requirement tags  

The tests are done on SiL and HiL rigs. The HiL rigs and the framework code are identical to 

the integration testers. However, it is unknown if the various technical problems that have to 

be solved to make the rigs functional are solved in the same way as there in no 

communication between the system testers and the integration testers. 

Most tests are automatic, and there is an ambition to automate the remaining manual tests. 

The regression test suite is run twice a day automatically on the SiL-rig, if there have been 

any new test scripts or source code committed. There has been progress made on automating 

the tests on the HiL-rigs, where the ambition is to schedule re-flashing of the rigs.  

At the NE-group software is released in 4 week cycles. The system testers run their tests one 

week before the software is released to integration testing. The disadvantage of this has been 

that it is too easy for developers to push the delivery of the systems later than what was 

previously announced. This makes it difficult for the integration testers. 

If bugs are found during system testing, it is documented in JIRA, and later assembled into a 

test report. The function owner is also notified; the feedback can be face to face or brought up 

during a meeting. According to the system owner from NEC the feedback is received almost 
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instantly after a bug is found, while according to the system tester it depends on the workload. 

A worst case scenario is that feedback is delayed 1-2 weeks. According to the system owner 

from NEC all bugs are not fixed immediately. If a bug has been found that requires special 

hardware for testing, and that hardware is not available the coming integration test weeks, 

then the bug might not be remedied until the next release. 

When asked about if the code coverage, the degree to which the code has been tested, is 

measured during system testing, the system tester states that there is an ambition to do so in 

his group, but there is currently no good metric to do so. They are measuring the requirement 

coverage of their tests, which he states could be better.  

Function Test 

The function owners are responsible for validating the function before it is released for 

integration testing. This is usually done in a vehicle. Historically, there has been no test report 

for this type of testing. Internal issues are reported instead, which state what has been tested 

but not how it has been done. According to the interview with the function owners from 

REVC it is assumed that since the software has been released to integration testing it has been 

sufficiently tested by the function owners. To the best knowledge of the system owner from 

NEC there is no official way of documenting the function testing. 

Integration Test 

The integration testing is the last instance of testing in the CR-process. Before the software is 

released to integration testing it has to be accepted by the coders, the system testers and 

function owners. The function owner states that at this point their job is finished.  

When asked what they expect from the integration testing the function owners responds that 

they don’t expect that much: the system they work with are difficult for the integration testers 

to test, the information received by the integration testers is often substandard and the 

feedback from the integration testers has not been well managed. This has been slightly 

changed by better communication with and more detailed information to the integration 

testers. The coder and system tester states that they expect the system as a whole to be tested; 

the aspects of the systems that cannot be tested by the unit and system tests, such as 

communication between different systems, should also be tested. The system tester also states 

that there is no collaboration between the integration testers and system testers. The system 

owner from NEC is informed of the CR’s that are to be tested by the integration tester, and in 

turn might ask them to keep an eye out if deemed necessary. Some of the CR-owners are 

content with their change not being specifically tested as long as the software has been 

integrated.  

According to the system owner the information given to the integration testers is not always 

correct and up to date. If the information available is too vague, then they have to find the 

information themselves, by calling the people who might have the relevant information. 

Obstacles 

The function owners do not feel like the variability of the Scania vehicles is much of a 

problem, except with regard to the trouble with avoiding unnecessary parameters.  

Obstacles concerning the process are, according to the function owners, that the current 

process is very new, and the expectations on it are very different. The coder feels that there is 

an unambiguity in how the code should be tagged to requirements that has not been made 

clear by the process. 
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There is an obstacle to the ambition of measuring the code coverage, which springs from the 

lack of tools to do so. There is a tool to check the code coverage of the automatically 

generated code, but nothing for the manually written code. 

According to the tester and coder the biggest bottleneck in the process is system testing. This 

seems to be a local problem for the REV group, due to a lack of testers and a rapid growth of 

systems the REV group is responsible to manage. This is a known problem. 

How easily a HiL-rig can be scheduled to do re-flashings depends on hereditary factors, that 

is depending on how the systems framework have been built. 

Another obstacle mentioned by the system tester is that there is no collaboration between 

system testers and integration testers, at least not in the REVT group. This means that there is 

no opportunity to discuss solutions for problems concerning the HiL-rig, as well as no 

opportunity to discuss test analysis. System tester believes that this is due to the integration 

testers lack of resources and time. 

4.2.1.3 Integration Testing 

The integration test process model depicts the phases from the point of when the CR is 

transitioned on to the integration tester, to the point where the integration testers has gone 

through their test phase. 

The data presented below is based on the interviews with the integration testers.  

Process Model 

The integration tests are tests involving more than one control unit, and the focus is to test the 

communication between the different control units. This is done both automatically in a 

simulated environment, by a testing groups named RESI, and manually in vehicles by a 

testing group named REST All the changes introduced in the software for the electrical 

system must go through the integration testing phase and be approved, or get a dispensation. 

If the software passes the integration testing it is approved for field testing. The tests are done 

on full system level, in different vehicle configurations. 

A round of integration testing spans four weeks, where two weeks are dedicated to the 

preparation for the upcoming two weeks of running tests.  

The process model below depicts the flow of events that make up the integration testing. The 

flow is similar for both REST and RESI, but deviations for each of the groups will be noted in 

the description below. The model was informally verified by the integration tester from RESI. 

The model is based on the interviews with testers from REST and RESI. 
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Risk Meeting 

The purpose of the risk meeting is to ensure that the two integration test groups have a 

common approach to the CRs before the decision meeting. The attendees to the meeting are 

representatives from RESI, REST and RESA. The meeting focuses on the CRs that are to be 

integration tested in about three-and-a-half-month time. 

Examining time cost of test preparations 

Half of the RESI groups make estimations on how much time the preparations for the tests 

should take, based on the information available in the CRs. 

There is no mention of this in the interview with the integration tester from REST. 

Investigate time cost of testing each CR 

According to the interview with the integration tester from RESI, the time cost of the actual 

testing time of each CR is investigated in parallel with an examination of the time cost of test 

preparations. The estimations are based on the information available in the CRs. 

Decision Meeting 

The purpose of the decision meeting can be found in section 4.2.1.1. 

However, the integration tester from RESI states that in addition to the CRs presented, old 

CR’s that for different reasons have been deferred have to be included into test rounds with 

short notice.  

Synchronization Meeting 

To keep up with the fluctuations in the CRs to be tested a given integration test week, the 

integration tester from RESI tries to organize synchronization meetings weekly. It is meant as 

an occasion to discuss with REST, assess the list of CRs to be tested during to the week, and 

focus is on dividing CRs to be tested between the two groups. For example, tests that have to 

do with drivability would be better to test in a vehicle and should therefore be tested by 

REST. To keep track of the CRs an excel sheet based on the list created during the risk 

meeting is continuously updated. 

The aim is to have these meeting, starting three and a half months before it is time for 

integration testing. During a later conversation the tester stated that it was difficult to organise 

the meetings with the other integration testing group. 

Prepare Test 

This phase proceeds for two weeks, during which information about the CRs to be tested is 

collected, and test cases prepared. 

The necessary information is usually not provided upfront. The most common approach to 

gathering the necessary information about the CRs is then to contact the CR owner. Even so 

the quality of the information received is very uneven. The information which the test cases is 

based on is user functions, which is the description of a function from a user perspective, and 

the MSC. 

A list of the most safety critical CRs, subsequently the most important test, is summarized by 

a tester in REST. This list is based on his experience and knowledge as an integration tester. 

The choices of which user functions that are to be tested are chosen from this list. When asked 

about if the initial safety analysis of the CRs have an impact on how the CRs are evaluated 

and tested, the integration tester from RESI states that they do not, but they should. 
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In the RESI group preparations partly consists of finding the optimal test configurations, i.e. 

the least number of configurations in which all relevant CRs can be tested in the integration 

lab and in vehicles. The aim of the integration HiL-lab is to be able to run as many 

configurations as possible, but there are problems with getting the test scripts to function with 

the different configurations as well as each other. Tests are also prepared by scripting test 

cases, which are then added to the regression test suite if time allows it. The test cases are 

verified with peer-to-peer reviews. 

The REST groups preparations comprises of determining which vehicles should be used to 

test the CRs, in what environment they should be tested and then to assign them to a tester. 

How the tests are to be run is not necessarily decided at this stage, it is up to the individual 

tester. According to the integration tester from REST, it varies a lot how much the integration 

testers from REST rely on the information in the CR. The more experienced the tester is, the 

less he relies on the user functions and instead draws on his/her knowledge of how the 

functions probably should work. The method of testing is not documented. 

Receive HW+SW 

The software that is to be tested should be delivered to the integration testers at 08:00, 

Monday morning, at the start of the integration testing weeks. This is not a hard limit though: 

if there is a group that has trouble with their implementations they are allowed to deliver later. 

This causes some trouble for the integration testers. 

Though this is not mentioned in the interview with the integration tester from REST, there is 

no indication that there are any differences in this stage between REST and RESI.  

Run Tests 

Tests are run during a two weeks period. New CRs can be added right up to this point in the 

integration testing process. 

RESI runs tests in the integration labs. The aim with the automated tests is to have a baseline 

of regressions tests which contains one test case per scenario. A user function might have 

several scenarios. The estimation by the integration tester from RESI is that there are 300 

active user functions at Scania. Assuming that there are 3 scenarios in every script, it is 

desirable to have about 900 test scripts. The current number of test scripts in the regression 

test baseline is 100. As there often is no time to prepare test scripts, many of the CRs have to 

be tested manually. The automatic regression test suites are run nightly in loops. The 

following day the aborted, approved and failed test cases are noted and handled as such. At 

the same time there is pressure to start to test the CRs. 

REST does manual tests in vehicles. They have regressions tests, which is a list of functions 

that are to be tested every test week. 

Examine if CR is faulty or test case is faulty 

Depending on the outcome of the event described above different test cases are run. If the test 

case is failed, it has to be analysed to determine whether it was the test case or the code that 

was faulty. In some cases it leads to discussions regarding whether the behaviour is actually 

desired or not, and testers and CR-owners might disagree. The analysis in the RESI 

integration test lab consists of running the test suite again, and then test manually from 

different perspectives to examine the presumed fault. 

No event or fault report is written unless a integration tester is 100 percent sure the fault lies 

in the code, and not in the test case itself.  The time it takes to determine if the fault lies with 

the function or with the test script is estimated to be between half an hour and half a day. So, 
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according to the integration tester there is quite a lot of work effort to determine where the 

fault lies. 

Redo Test Script 

If it is deemed that the test script is faulty, it is redone here. 

REST does not go through this phase.  

RE-delivery of Software 

If the fault is determined to lie in the delivered CR-code, then it might be redelivered during 

the test weeks. A discussion is held with the CR owner, if it possible to re-deliver software. If 

a fault is found somewhere else it is unlikely that the fault will be remedied and redelivered 

during that test week. 

Write Test Report 

The result of the test weeks are documented both in a test result database, and in a test report 

where the tested CRs are reported as well as the associated result. Additionally, all the test 

cases that do not pass get an event report which is linked to the system and the CR in JIRA, 

and included in the test report. The CR-owners and system owners can then access the event 

report via JIRA. If the CR-owner don’t get the event report or is not otherwise notified, then 

they assume that their CRs tested okay. 

The test report tracks the number of user functions that have been tested, but not the code 

coverage. Equivalency classes are used in the estimation of the total number of user functions 

tested. There are so many modular pieces that if equivalency classes weren’t used, the number 

of tested function compared to the total number of user functions would be very low. The 

integration tester from RESI believes that the safety architect at RESA is notified of the 

number of tested user functions, and express that it is terrifyingly low. Furthermore, the test 

report indicates what user functions and CRs has been tested in vehicles, but not by whom or 

how. 

Additionally, the test report indicates not only the result of the tests, but also the readiness of 

the user functions for start of production. 

Obstacles 

The obstacles the interview subjects from REST and RESI experiences in this part of the 

development process will be presented in this section. 

The integration tester from RESI believes that there is a misconception about the service that 

should be provided by the integration testers. They have the knowledge of how the system 

works as a whole and how to test it. CR-owners should therefore approach to ask for the 

service of testing specific aspects of the entire system. But this is not how the integration 

testing works, according to the integration tester. He feels that there is a silent agreement that 

if the integration testers don’t speak up, they are probably going to test the CR extensively. In 

reality the integration testing that RESI can provide is very broad but also shallow. He 

therefore tries to point out to every CR-owner that the test results they provide will probably 

not be of interest for the CR-owner. The reaction by the CR-owner to this is often that “It’s 

okay, as long as it is there during the testing of other stuff”. The integration tester believes 

that they mean that it is enough that the newly implemented CR doesn’t destroy any other part 

of the system. This is a sentiment that is troubling for him as a tester. This also connects to the 

fact that the integration testers workload barely allows them to test new functionality. The 

integration tester from REST also mentions that there is a considerable work load, which 

doesn’t allow for any other testing than wide-meshed testing. It has also caused the REST 
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group to diminish the effort they put in test planning, as this is a large effort. He estimates that 

previously the actual testing in vehicles done by the REST integration testing was less than 10 

% of their working hours. The rest of the time was spent on test planning. To remedy this the 

ambitions for test planning was lowered. This has the positive effect of more time spent on 

testing the system, but it relies on experienced testers.  

He also mentions that there is discussion on how RESI should handle new functionality. Some 

mean that that RESI assignment is only to do regression test, and not to test new functionality. 

This would, according to the integration tester, be a waste of resources. In the lab, they don’t 

have to order new vehicles to run tests on a large variety of configurations of vehicles. He 

aims for the integration lab to be a natural part of the development process, and therefore to 

include tests of new functionality. 

A big obstacle for the integration testers at RESI is the difficulty of getting information about 

the systems and functions they are to test. The information they base their tests on, the CR-

form, is often not enough, and the absence of a test plan makes it difficult for the integration 

testers to understand what is essential to test. This lack of information causes the integration 

testers to have to spend time ‘”hunting” for the information that should simply be provided to 

them. The integration tester from REST agrees with the sentiment that the information 

available to the integration testers is not sufficient, and also identifies the same consequences. 

There is no time to do full testing, or negative testing. Different ways of handling this has 

been implemented, such as meetings where these issues are discussed as well as appointing 

individuals to be experts in certain areas. 

There are no information channels between the lower level testers and the integration testers. 

The integration tester from RESI believes there is a work culture-related obstacle in getting 

information about the CRs from the lower level testers. This is caused by the company policy 

of “Right from me”, which entails that when employees hand over work to the next instance 

they have made sure that the work they have done is correct. The interview subject from RESI 

believes that this causes problems, since as full system testers they have a responsibility for 

the quality of the entire system. This means that they should be able to demand proof of 

quality from the lower levels of testers. However, because of the ”Right from me”-principle 

each level of testing is responsible for the quality of their own tests, and the integration testers 

should trust it that they achieve the necessary quality, and therefore should not ask for proof 

that it has been done.  

The integration tester from RESI also states that there is a lack of test planning in the 

preparation for running tests. It is hard to foresee what will be tested during the testing cycles; 

foresee how a delay will affect the testing; and get an overview of what has to be done to get 

the complete system to function correctly. There is also no method of comparing the new CRs 

that are to be tested with the regression test suite to see if any of them might cover a relevant 

test case, and therefor don’t have to be scripted.  

Another major obstacle that prevents them from investing time in preparation of tests is the 

fluctuation of the CRs tagged with a certain test week. He makes an estimation that roughly 

between a third and half of the CRs that are mentioned in the risk meeting will be left to test 

when the preparation for the upcoming integration test round starts. Additionally, some new 

CRs might be added in the list to be tested with very short notice. The reason for this is 

assumed to be that the time needed for the implementation is underestimated. The work 

invested into researching which vehicle configurations will be able to test most CRs is a 

completely a waste of time, since there are so many fluctuations. Currently it is not possible to 

generate a list with the current CRs to be tested together with the current test plan, instead a 
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loose leaf system is used and continuously updated throughout the process. He believes it 

would be very helpful if the loose leaf system could be changed to something more flexible. 

An obstacle might appear if a system that is specifically earmarked for a start of production 

date must be tested separately and therefor branched off. This would mean that testing would 

have to be done on two tracks, and the integration testing groups would have twice as much 

testing to do. This would not impact the testing depth in a favourable way. This has yet to be a 

problem, and is a hypothetical argument, but no solution is mentioned during the interview. 

It is also mentioned during the interview that the variations of the range of heavy vehicles 

developed at Scania is challenging for the RESI integration testing organisation. Theoretically 

they should be able to test all combinations. However, there is always something that does not 

work as intended. Also every time something new is added in a CR, either a new hardware or 

model must be added to the test rig. Hopefully there it can be tested during one test cycle 

before it is to be implemented, but sometimes they are left without full support in the test rig.  

The integration tester from REST also mentions that there are changes introduced in the 

system that don’t have a corresponding CR. This means that there is no information available 

for the testers about this change. This strains their already strained schedule, and makes it 

even more difficult to plan tests. 

There is also a great variation in how well a system has been tested, depending on the group it 

comes from. It is not always possible to communicate with these different organisations. It is 

easier with groups that organize their testing activities in a similar way to REST. 

4.2.2 2nd Cycle 

In the second cycle of analysis the data gathered from the process model is evaluated by 

fashioning a CIViT-model reflecting the current practice of CI at Scania. A list of obstacles 

experienced by the interview subjects condensed into bullet points is also provided. 

CIViT Model 

The CIViT-model will be used to evaluate the testing activities performed during the CR 

process at Scania. [19] It will describe what aspects of the system is tested and to which 

extent the testing activities are automated. The function and purpose of the CIViT-model is 

explained in section 2.3. By doing this it is possible to visualize the implementation of CI, and 

to draw conclusions on the extent to which CI has been implemented, and how well. This also 

presents the development process as a whole, as it combines statements from all interview 

subjects at Scania, and therefor might provide insights, which the individual statements 

cannot. 

To be able to represent the testing activities at Scania a fourth colour was introduced into to 

CIViT-model to represent test coverage. Outside of the green, orange and red, the colour 

black was introduced as a fourth state of test coverage, which is that the test coverage is 

unknown. In other words, individual testers might be aware of what requirements have been 

tested, but it has not been recorded and it is therefore impossible for a third-party to verify to 

test coverage. This was implemented, as the author believes that there is a significant 

difference between choosing to have no test coverage, and it should be distinguished in the 

model.  

The vertical axis has also been adjusted to the specific testing practices at Scania. On 

integration test level the testing is divided between two different organisations, RESI, who 

works solely on HiL-rigs, and REST, who work solely with manual testing on the vehicles.  
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Other than that, the CIViT-model conforms to the same design rules as were defined earlier in 

section 2.3.  

The model was constructed based on the data collected through interviews, and was at a later 

point verified. The verification was in the form of a workshop where the result was presented, 

and then discussed by the participants. The participants consisted of previous interview 

subjects from Scania, and interested parties. Sadly, not all interview subjects from Scania 

could participate, but those who did were able to dispel the question marks that were left.  

A closer explanation for each individual box is presented below. The overview shows no large 

issues when it comes to test frequencies, but a majority of the boxes in the model are black. 

This means that in a majority of the different test cases the requirement coverage is not 

known, which is to be distinguished from when the test coverage is zero percent. Even though 

the test coverage is unknown, it does not necessarily mean that it is low. It means that it is 

unknown for anyone who is not directly involved with the testing activities. 

Unit Test 
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Figure 5 Visualization of testing activities 

, Unit level 

Figure 4 CIViT-model for Scania 
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The tests of new functionality at the unit level test the functionality of the code, which is 

based on the requirements. Requirements are therefore implicitly tested, but not explicitly. 

This means that the coverage is ultimately unknown. The legacy requirements can be assessed 

in the same way, since legacy tests or regression tests are old “new functionality” tests. The 

requirement coverage for the edge cases is also unknown, since they are done on case to case 

basis, if there is time to do so, and not documented. The quality requirement coverage is 

assessed to be between 10-90%, since the code in new functionality is inspected with focus on 

the aspects defined as quality properties. The inspection follows specific guidelines, and if 

there are any deviations from said guidelines they are documented.  

The automation of the test level is mixed, as the emulated unit tests are run automatically, 

while other HiL-tests are run manually, therefor the border is coloured orange. 

Function Test 

 

 

The tests done on this level is mostly concerned with validation, done manually in vehicle, 

and not documented. The requirement coverage is therefore unknown. Since the tests are 

completely manual, the border is coloured red.  

System Test 

 

Figure 7 Visualization of testing activities , System Test Level 

The requirements covered when testing new functionality are measured, and lies in the span 

of 10-90%. According to the interviews it can be better. The legacy tests are old “new 

functionality” tests, and therefore the requirement coverage should be the same for the legacy 

testing as it is for new functionality. The quality requirements are not mentioned in the 

interview, and during the requirement specifications, there is no link between the initial safety 

analysis or FMEA or the requirements. It is therefore assessed to be unknown. The Edge tests 

are performed on a case-by-case basis only if time allows, and they are not documented. 

Therefor they are assessed to be unknown. 
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activities , Function Test Level 
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There are both completely automated regression tests, as well as manual testing. Therefore the 

border is coloured orange. 

 

Integration Test REST 

 

 

The requirement coverage of the integration testing done by REST is judged to be unknown. 

This estimation is based on the fact that the test cases are solely based on the scenarios 

connected to the user functions and not the user function requirement. There is no 

documentation which connects the requirements defined by the functions owners to the test 

cases run during the integration tests, since there is no link between the scenarios and the user 

requirements. The way the tests have been performed, and who was responsible, are not 

recorded either. It is possible to find out, but it requires a considerable effort to track down 

who was in charge of which vehicle. According to the function owner the scenarios does not 

necessarily cover the user function requirements. 

The tests are, as indicated by the border completely manual, and done in the vehicles.  

Integration Test RESI 

 

 

The different blocks are coloured black for the same reason as directly above. There is no 

documentation which connects the requirements defined by the functions owners to the test 

cases actually run during the integration tests, since there is no link between the scenarios and 

the user requirements unless considerable effort is taken to study the test scripts. According to 

the function owner the scenarios does necessarily cover the user function requirements.  
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Figure 8 Visualization of testing activities , 

Integration Test, REST 
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Figure 9 Visualization of testing activities , 

Integration Test, RESI 
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The level of automation varies, as the regression test suite runs automatically, but some of the 

new functionality is tested manually, therefore the border indicates that some of the testing is 

manual, and some is automated. 

Obstacles 

Below, the resulting obstacles from the second cycle of analysis are shown.  

 Current process is new - not clear what to expect 

 Not clear how to achieve traceability 

 Lack of tools for code coverage measurements 

 Lack of system testers  

 Hard to automate HiL-rig testing 

 Role of integration testers ambiguous 

 Staggering workload for integration tester  

 Integration lab is not used to capacity 

 Information to integration tester is not adequate 

 No contact with testers from lower testing levels 

 Lack of test analysis/planning 

 CR’s very dynamic, and changes over time 

 Revision handling 

 Challenging to handle variations 

 Challenging to keep the HiL-rig up to date together with the CRs 

 Quality of lower level testing varying 

 Not all changes implemented goes through the process 

 It is possible to deviate from the process 

 Process encourages decisions on wrong level 

 Difficult spreading information to everyone relevant 

4.3 Autonomous Systems 

In this section the analysis of the data gathered for the analysis of how the development of 

autonomous systems affects development processes, especially verification activities, and 

what additional obstacles it might cause when implementing CI. Subsection 4.1.1 contains the 

result of the literature analysis. Subsection 4.3.2 contains the data regarding the differences 

between autonomous systems and non-autonomous systems from the interview study detailed 

in subsection 3.3.1. Subsection 4.3.3 contains the data regarding the obstacles for developing 

autonomous systems, both from the perspective of industrial and academic experts, as well as 

a more in depth study of the obstacles specific for Scania. Subsection 4.3.4 contains the 

second cycle of analysis for the obstacles identified in subsection 4.3.3. The reason for 

dividing the analysis of the obstacles into two cycles are the same are the one detailed in 

subsection 4.1.2, which is that then it is possible both to present the obstacles in their context 

as well as in a more manageable format.  

4.3.1 Literature Analysis 

The aim of the literature analysis is the same as the literature analysis section 4.1.1, to get an 

overview of the trends in the field. To get an in depth description of each resource, see 

Appendix C. 
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A majority of the sources describe different methods of formal modelling, formal methods or 

formal verification of CPS, where the systems exemplified where either semi-autonomous or 

fully autonomous [36] [40] [39] [38] [35] [33] [37]. The overall aim is to be able to describe 

the different aspects of the models and verification mathematically.  

Two resources considered the development processes specifically. The first proposed a 

methodology for integrating agile development processes while ensuring the resilience of the 

system [41]. The system used as an example is a swarm of autonomous quadrotors. The 

second argues that the performance of the system should be something of concern during the 

entire development lifecycle, as the system performance is not something that can be isolated 

in a part of the system [42]. The article describes how this can be achieved for autonomic 

component assemblies.  

From the result of the literature analysis is seems like a lot of effort by the academic 

community is put into the effort of developing formal methods for CPS, with the argument 

that it will be needed for autonomous CPS.  

4.3.2 Autonomous Systems  

This subsection presents the gathered data on the differences between non-autonomous and 

autonomous systems, what prerequisites autonomous systems demand and how/what safety 

related issues has to be handled while developing autonomous systems. The data is taken from 

the interviews with Martin Törngren, professor at KTH, and Jonas Nilsson, from Volvo, who 

are both experts in the field of autonomous systems. The presented data is comprised of the 

data tagged with the codes in Table 8. All the code words usen in the analysis process for this 

thesis can be found in Appendix B.  

High-level Code Sub-level Code Description 

Auton   

 :saf Safety related aspects of autonomy. 

 :what What is autonomous systems and how is it separate form non-

autonomous sytems 

 :pres What does autonomous systems need to be autonomous 

Table 8 Codes used to analyse the difference between autonomous and non-autonomous 

vehicles 

Both Martin Törngren and Jonas Nilsson states that it is difficult to define what an 

autonomous system is, as there are no clear cut definitions and there exists different 

classifications of autonomy. Martin Törngren mentions that there is an ongoing debate about 

what the difference between autonomy and automation is: there is not yet a consensus of what 

autonomy is. Usually it is said that an autonomous system is something that can collect 

information, process information and handle uncertain situation, in contrast to automated 

machines which have a well-defined task. They both agree that autonomy is not binary, but 

can be graded. The grade of autonomy might depend on many things, since a system may be 

autonomous depending on context. Jonas Nilsson mentions time, environment and 

functionality as different contexts which might affect a systems level of autonomy. At Jonas 

Nilsson´s workplace, in a project to develop autonomous cars, autonomy is seen as a system 

that works entirely without human intervention.  

Both Martin Törngren and Jonas Nilsson, when asked to explain the difference between 

autonomous and non-autonomous systems mentions the absence of the driver. Jonas Nilsson 

explains that in a modern non-autonomous car there is automatic driving functionality, but the 
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driver is there as a backup. For an autonomous car, that backup does not exist, therefore other 

measures must be implemented in form of redundancy of sensors, actuators and control 

systems. The redundancy of the sensors is necessary, as there are currently no sensors that are 

robust enough on their own. Sensors must also be added as the vehicle will have to be able to 

“see” what’s happening around the vehicle. Martin Törngren also stresses that the modern 

non-autonomous car has autonomous functions, but to take the step to autonomy new 

components and functions have to be added. He specifically mentions sensors, an accurate 

model of the environment and decision-making functionality. He also mentions the necessity 

of redundancy for these components.  

Both Martin Törngren and Jonas Nilsson believe that the technological conditions for building 

autonomous systems exist. But they disagree when it comes to safety standards. According to 

Martin Törngren, most safety standards that exist today are created for systems with a human-

in-the-loop, while Jonas Nilsson means that the established methods and safety standards for 

safety critical systems are general enough to be used for developing autonomous safety 

critical systems. However, both agree that ISO 26262 is limited as it presumes that there is a 

driver in the vehicle.  Jonas Nilsson means that the difficulty of creating an autonomous 

vehicle is in assembling the technology needed for the systems: the technological solutions 

exist, but they all have shortcomings. Validating autonomous vehicles are also a challenge. 

Martin Törngren points out that there are several important issues that have to be weighed 

against each other when making an autonomous system available for commercial use. 

Availability and cost effectiveness must be weighed against safety and dependability. There is 

also the question of responsibility, i.e. who is responsible if an autonomous vehicle crashes. 

Furthermore, insurance has to be considered when introducing autonomous systems for 

commercial use.   

4.3.3 Obstacles 

In this section the obstacles for developing autonomous vehicles mentioned during interviews 

will be presented. Section 4.3.3.1 presents general obstacles for the development of 

autonomous vehicles mentioned in the interviews with Jonas Nilsson and Martin Törngren. 

Section 4.3.3.2 presents the obstacles specific for Scania that were mentioned during 

interviews with Anna Bäckman and Per Roos. 

The data concerning those obstacles is presented below, and was identified in the interview 

transcripts by tagging with the codes presented in Table 9. The high level codes where 

identified before starting coding, while the lower levels was chosen during the analysis based 

on the existing material and themes that became apparent in the interview. All the code words 

used for the analysis in this thesis can be found in Appendix B.  

High-level Code Sub -level Code Description 

Obst  Difficulties and challenges while developing autonomous 

systems 

 Arch Architecture 

 Pro Process 

 Test Testing activities 

 Verif Verification 

 :Saf Safety  

 :Cost The Cost of the system 

Table 9 Codes for analysis of obstacles for developing autonomous vehicles 
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The sections are divided according to the low level codes. 

4.3.3.1 General obstacles for development of autonomous vehicles 

Here the result of the analysis of the obstacles for the development of autonomous vehicles 

from the interviews with Jonas Nilsson and Martin Törngren will be presented.  

System Architecture 

Jonas Nilsson states that one obstacle is that a large part of the system architecture becomes 

safety critical. Efforts can be made to minimize the safety critical parts, but it is only possible 

up to a point.  

Both Jonas Nilsson and Martin Törngren mention that the architecture is often a legacy from 

previous projects and needs that might not be suitable for autonomous systems. Martin 

Törngren says that the architecture, particularly when it comes to vehicles, often grows 

“bottom up” and therefore tends to be very interconnected. This has the added disadvantage of 

the possibility of unwanted feature interaction and difficulties related to verification. He 

means that some architectures are easier to verify, more robust and can be constructed so that 

the parts of the system do not affect each other in unwanted ways. This type of architecture 

could be achieved if it is built “top down” with layers and degrees of intelligence.  On the 

other hand Jonas Nilsson stresses the difficulties in building such an architecture, since the 

knowledge of what is required by the architecture is not yet fully understood, and what is 

needed today might be completely different to what is needed in ten years. He believes that 

the development of the autonomous system architecture has to be built iteratively and 

gradually, probably over decades. 

Development Processes 

Both Jonas Nilsson and Martin Törngren seem to believe that the development process must 

become more effective to handle an autonomous system. Martin Törngren specifies that 

improving the methods of combining design and verification is important to reduce 

development costs. Jonas Nilsson stresses that the documentation of the system must only 

contain the essential information, or otherwise it will be too hard to create and use it. Martin 

Törngren also mentions that the development processes must be adjusted to be able to handle 

increasingly complex systems. 

Testing Activities 

Both Jonas Nilsson and Martin Törngren agree that the testing must become more effective to 

be able to develop autonomous vehicles. Both also identify automated testing and relying 

more on simulated environment and vehicles as a solution for this.  

Martin Törngren states that it is impossible to test all possible combinations of test cases, as 

there are too many environmental parameters, the autonomous vehicle itself becomes too 

complex and some subsystems might come from third party developers. Therefor he identifies 

the need for smarter testing. He defines smarter test cases as test cases which allows you to 

place confidence in the system, and which identifies faults that are hard to find or hard to 

handle and thereby removes the necessity of testing every possible test case. Jonas Nilsson 

mentions a similar notion, that for such a magnitude of test cases it is necessary to coordinate 

the testing so that the number of necessary tests can be diminished. Martin Törngren also 

mentions that the smarter test cases should be combined with increased use of formal 

verification, which also could be used to diminish the number of necessary tests. 

Another problem concerning the definition of test cases is the fact that all situations must be 

handled by an autonomous vehicle. This leads to very wide test cases, which according to 
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Jonas Nilsson is solved by trying to generalise test scenarios that are as independent as 

possible, and therefore gives a wide test coverage. For example, a generalised independent 

scenario could be that the vehicle should not drive too close to other vehicles, independent of 

the road it is currently driving on.  However, the complexity of doing this increases with the 

complexity of the system. 

Martin Törngren notes that a pitfall when developing autonomous systems is the belief that is 

will be enough just to increase the number of tests. This is especially true if the approach to 

developing autonomy is to directly develop autonomous vehicle, rather than gradually 

increasing the autonomy. Tests can be used to detect faults, but it is also necessary to pre-

empt the faults. 

Verification 

Both Martin Törngren and Jonas Nilsson note that the current methods of verification will not 

be able to handle autonomous systems. But there also do not seem to be a clear answer to how 

autonomous systems should be verified. Martin Törngren especially mentions that there are 

no currently used safety standards or methods of verification which can be applied to machine 

learning systems, machines which learns and develops during use. Both interview subjects 

notes that it is already difficult to verify the systems of today, and an autonomous system 

means increased complexity, increased number of sensors and actuators and increased 

communication between systems. The environment has to be modelled with more detail. 

Jonas also adds that verification will be needed on all systems levels due to the system being 

safety critical. Both identify combined methods of verification as a solution; Martin Törngren 

means that the verification of different aspects of the autonomous system must be combined 

for a more effective method; Jonas Nilsson means that there exists no one method of 

verification, but different methods must be effectively combined. An example of this is that 

testing the vehicle by driving it cannot be used as the only method of verification as the road 

mileage needed to statistically prove that the system functions is unrealistic and costly. A 

completely simulated environment is not detailed enough, so it doesn’t matter how much road 

mileage you can simulate with it. The solution lies somewhere in between: use collected data, 

simulate it and manipulate it. 

Jonas Nilsson also notes the difficulty in defining the requirements, as the top level 

requirements will be very broad and to break them down into low level requirement is 

complicated - to prove that the broken down requirement add up to the high level requirement 

is difficult. It is also difficult to define requirements that can be verified. 

Martin Törngren notes that the automotive industry will have to look toward and learn from 

the aerospace industry for many of the development and verification methods. He especially 

mentions the handling of fault reports, and that there is much too be learned from them. 

However, there is a problem in the fact that the aerospace standards, though they build very 

safe systems, is very costly to follow. This means that after a system has been verified once, 

you don’t want to change it. 

Safety 

The difficulty when it comes to safety, according to Jonas Nilsson, is that if a function is 

autonomous, then the entire function is safety critical. This becomes a more widely spread 

issue in the context of autonomous vehicle, as there would be no driver in the car. Martin 

Törngren mentions that the difficulty lies in the contraposition between safety and 

availability. Traditionally when handling a potentially dangerous system the safety 

mechanism was to make it unavailable, for example a potentially dangerous industrial 

machine are placed in an enclosed space. This is not possible when it comes to systems that 
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need to be as available as autonomous vehicles would be. There is also the problem that 

building safe systems is very expensive. He also identifies the need for new safety 

methodologies due to the interconnectedness, and the possibility of faults that cannot be 

recreated. The latter includes e.g. stack overflows and bit flips, which autonomous vehicles 

are extra susceptible for (in a non-autonomous vehicle a human would be able to intervene). 

The safety methodologies also need to consider new development methods, such as agile 

development and model based development.  

When asked about how to prove that an autonomous system is safe Martin Törngren answers 

that the developers would have to prove that the system has been developed using best 

practices: in other words, show what has been done to minimize the risk; that the vehicle has 

been tested; that there is code coverage; that there are formal methods to ensure timing 

behaviour; that the architecture has been built to minimize side effects; etc. Process-wise this 

also includes making sure that the developers are competent and have an active safety culture. 

When Jonas Nilsson is asked the same question he explains that a classic safety analysis can 

be used, where the risks are listed, analysed and then broken down to requirements on 

different levels. If the requirements then can be shown to be fulfilled, then the system should 

be safe. There are current research projects to find methods to handle this for autonomous 

systems. The challenging part is the complexity, but the fundamental problem is to define 

what the target is. What does it mean that the car drives safely? This has to be broken down 

and preferably into a mathematical proof, which is not a trivial matter. The safety analysis 

will push towards a less complex system, while the system efficiency will push for a more 

complex system.  

Both Jonas Nilsson and Martin Törngren mention documentation in the context of safety. 

Jonas Nilsson points out that as the system grows more complex it becomes increasingly more 

important to document. This is a big challenge for the development process, if the 

documentation principles are not optimized. Martin Törngren mentions intent specification as 

documents that could be of increasing use. The intent specifications provide the context in 

which requirements are written, since if it is forgotten it can easily lead to failures. 

Certification 

Certification, according to Boulanger [43], is defined as “…producing a certificate which is a 

commitment as to the consistency of a product with a set of standards”. Both Jonas Nilsson 

and Martin Törngren state that the current, applicable safety standard for cars (ISO26262) 

does not cover all the necessary issues for autonomous vehicles. Martin Törngren states that it 

assumes a human in the loop. Furthermore, it does not cover automatically generated code, 

multicore processors or agile development methods. Jonas Nilsson states that ISO26262 does 

not take all dangers into account in the context of autonomous vehicles, like 

miscommunication between driver and vehicle. The standard could be used during 

development, but the developers must be aware of its limitations. He is very adamant on the 

fact that formulating a new safety standard for autonomous vehicles should wait until it is 

clear what an “autonomous vehicle” actually is, and there is a general consensus on what is 

expected from this type of product. He reasons in the same way regarding the possibility of 

laws regulating autonomous vehicles. 

4.3.3.2 Obstacles for developing autonomous CPS at Scania 

In this section the specific obstacles concerning the development of autonomous vehicles at 

Scania will be presented.  
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Architecture  

Both Anna Beckman and Per Roos are convinced that the architecture of the system will 

become increasingly more complex, though Anna Beckman points out that it is unknown 

exactly what will be more complex. 

From Per Roos’ perspective there is a difficulty in the legacy of the architecture. The inherited 

architecture was built in an ad hoc fashion, and is incrementally changed to be able to handle 

future capacity. He especially mentions that there is a need to separate high and low level 

systemization, which would diminish the experienced complexity of the architecture. This 

also has to handle increasingly detailed models of the architecture, according to Anna 

Beckman, as the extra details will be necessary when developing autonomous vehicles.  

To be able to handle the increased complexity, Per Roos believes that there is a need for a 

modelling tool which not only models the architecture but also encourage decision making on 

the appropriate level. Decisions made at the wrong level and time often requires one to redo 

work. 

There might be a need to tailor the architecture to better suit the needs of autonomous 

systems. Anna Beckman mentions that it might be necessary to rethink the modularity system 

concept at Scania. Per Roos mentions that the architecture can affect testing activities in 

different ways. However, he also mentions that it is not probable that a new architecture can 

be introduced without legacy. The changes to the architecture have be introduced gradually, 

and with a great amount of planning. 

Development Process 

When asked about development processes Anna Beckman mentions that keeping track of the 

development processes is incredibly important: it is the only way of making sure that the 

developed code does what has been specified. However, it is important to know where to 

draw the line with regard to how well defined the processes needs to be. It is important to 

consider the bigger picture, that what is delivered from one group is in fact what the receiving 

group needs and that there exists a formal control of this.  It is difficult to define at which 

level this formal control should be, as it has to be tailored to the need of every section at 

Scania. Per Roos mentions that processes must encourage the right decisions to be made at the 

right level, so that work does not have to be redone. 

Another consideration, according to Anna Beckman, is that there are changes continuously 

introduced to the vehicles during production (both in hardware and software). This might be a 

future obstacle for autonomous systems, since they will arguably be more sensitive to both 

software and hardware changes. To handle this, it will probably be important to define which 

changes will affect the system and which will not. It is important that the system owners 

understand that the autonomous vehicle has to be retested when something is changed in the 

system. 

Communication is important according to Anna Beckman. It is necessary to use the official 

channels of communication and decision, as well as the unofficial. Some of the official 

meetings are not always fruitful, and therefore people skip them. Those should therefore be 

suspended, which means that new official channels have to be implemented. The 

consequences of not sharing important information in official channels are overall important, 

but can be graver for autonomous vehicles.  

It will be necessary to document more, states Anna Beckman. Not necessarily because of the 

development of autonomous vehicles, but because there will be more people working together 
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at Scania, they are a part of a larger corporation and the surrounding world demands to see 

documentation. 

There will be a need for more people to handle the complexity. It will become more important 

to consider the entire vehicle rather than the parts. The cross functional groups which keep 

track of the overview of the vehicles have to be allocated more resources and their work must 

be prioritized higher. This is a management problem.  

Testing Activities 

When asked about how testing activities will be affected by the development of autonomous 

vehicles, Per Roos answers that the test analysis will become more important. He feels that 

the mission of the system level testers has to be clarified. There is a lot of time and profit to be 

gained in the long run by understanding what is tested, what the purpose of the tests are, and 

what levels the tests should be done at. This will also be necessary to be able to raise test 

requirement coverage, which both Anna Beckman and Per Roos states will be necessary when 

developing autonomous vehicles. The need of raising test levels is according to Anna 

Beckman necessary because of the absence of a driver. 

Verification 

According to Anna Beckman, there is no possibility of covering all relevant test cases, when 

developing autonomous vehicles. Tests should not be the sole proof of safe systems. 

Therefore it will be important to review the design so that the right thing is built from the 

beginning. However, this can be difficult, since it will not be clear what the right thing is 

before the implementation is finished.  

Another challenge, especially at Scania where changes are introduced in both hardware and 

software continuously, is to know and keep track of which of these changes will affect the 

system, and decide if the effect is acceptable or not. 

Safety 

The challenge of safety analysis for autonomous vehicles is, according to Anna Beckman, the 

fact that to handle autonomy, new rules for accepting risks must be fashioned. The current 

reasoning is built around the driver as safety mechanism. Much of the safety reasoning is that 

a risk can be acceptable as long as the driver can drive to the side of the road and then stop the 

vehicle. This type of reasoning fails if there is no driver in the vehicle. According to Anna 

Beckman it is currently unclear how problematic this will be. 

There will probably be a difficulty concerning the availability of the vehicles: a dangerous 

system should not be too available, but if the system shuts down too often people will start try 

to get around it. There is also the additional problem that the system must be tested 

extensively, since even though humans often is the cause of accidents, humans are so far 

unparalleled when it comes to recognizing and reacting to deviations from a pattern, and can 

therefore handle a massive variety of situations, situation a machine still would have trouble 

to recognize. 

She is sure that new safety analysis methods don’t have to be invented, but it might be 

beneficial to start using other established safety methods such as fault tree analysis. She 

argues that the methodology for building safety critical systems already exists, and that there 

is much to be learned from aerospace and medical systems development. 

Cost 

Concerning the costs of developing autonomous systems, Anna Beckman mentions that it will 

cost a lot to build safety critical and complex systems, and to follow the same methodologies 
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as the aerospace or medical industry. Therefore the development and selling of autonomous 

vehicles might lead to smaller profits for the developing company. On the other hand, driver 

centric systems such as climate systems will not be as necessary, and less money can be spent 

on developing them. However, the gains of developing autonomous vehicles would range 

from customer comfort, to safety to environment aspects. Though the author notes that this 

might be different for cars and heavy vehicles, as autonomy for heavy vehicles mans that 

haulage contractors may omit the driver completely, and the costs related to the driver, and 

therefore the cost of an autonomous heavy vehicle could be considerably higher. 

4.3.4 Second Cycle 

The second cycle of analysis of the data gathered, which condenses the obstacles identified in 

the previous subsection. The second cycle of the analysis provides a bullet points list with 

condensed obstacles, both the obstacles from the external analysis, and those specific for 

Scania. 

 General obstacles for developing autonomous CPS: 

 System becomes increasingly safety critical: 

Autonomy will cause a larger part of the system to be safety critical.  

 Systems will become increasingly complex: 

Autonomy will cause the systems to become increasingly complex and interconnected. 

It follows that the current methods of development and documentation are too 

ineffective. As the complexity increases, so does the amount of information. Therefore 

only the most essential should be documented. 

 Architecture is often not built to handle increased level of complexity: 

Often, especially in the automotive industry, the architecture in question have not been 

built to handle higher levels of complexity. 

 An example of the finished product has not yet been developed: 

There has yet to be a fully autonomous vehicle to be available on the commercial 

market. There is no consensus regarding what such a product should be able to do. 

Therefore there is no knowledge regarding which methods of verification, safety 

analysis and regulatory laws are necessary. 

 Current safety analysis cannot be used: 

The current safety analysis methods and basis for measuring risk is done by limiting 

availability if a system is dangerous and trusting the presence of the driver. For fully 

autonomous vehicles neither of these strategies can be used.  

 Untestable amount of test cases: 

As the systems become even more complex, the number of test cases will increase to a 

number where it is not feasible to test them all. 

 Human belief that raising the test level will be enough for verification: 

There is a belief that safety and verification can be achieved for autonomous systems 

by simply raising the test level, which is not the case.  

 Increased Cost: 

Developing and verifying autonomous systems will be more expensive than non-

autonomous systems. 

 Limitation in the modelling of systems and environment: 

It will be very difficult, maybe impossible, to model the system and the environment 

with all the relevant and necessary details. 
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 Changeability of systems: 

Verification and certification of autonomous systems will be more difficult and costly. 

Therefor there may be reluctance towards introducing changes after finishing 

verification and certification. 

 Goals of safety analysis and designers not congruent: 

The goal of the safety analysis will be to simplify the system as much as possible, 

while the envisioned functionality and efficiency of the system will require an 

increased level of complexity. 

 Ignorance of limitations of the current safety standards: 

Ignorance of developers regarding the limitations of the current safety standards might 

lead to systems which are not safe.  

Scania specific: 

 Documentation will become a necessity: 

It will become necessary to be able to provide documentation, both within the 

company and the surrounding world. 
 Increased demand for resources to handle complexity: 

As it will become more important to consider the entire vehicle rather than the parts, 

cross functional groups must get more resources to keep track of the overview of the 

veicle. 
 Absence of tools to handle complexity: 

At Scania there are currently no tools for handling a more complex system than those 

which are being developed right now.  

 Changeability of the software and hardware: 

Hardware and software changes continuously at Scania. When developing 

autonomous systems it is important to understand which of those changes will affect 

autonomy and which will not, and how to handle this. It is also important that the 

engineers understand when it is necessary to retest the systems. 

 Definition and unification of development processes: 

The development processes have to be well defined and unified, but only up to the 

point that the different ways of working at Scania won’t be hindered.  The processes 

also do not encourage decision making at appropriate levels.  

 The official and unofficial channels of communication: 

While the unofficial channels of communication are necessary for the everyday work, 

if they are too much relied upon, information is lost. Official channels that are 

unpractical and unused should either be discontinued or made more efficient and 

practical. 

 The role of system level testers ambiguous: 

How much they should test, how they should receive information and what they 

should test is undefined. 

 Build correctly from the beginning: 

As there is no possibility of covering all relevant test cases test should not be the sole 

proof of safety, the design should be reviewed to ensure that the system is correctly 

built from the beginning. 

 New rules for accepting risks: 

Due to the absence of a driver, new rules of accepting risks in safety analysis must be 

fashioned. 
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 Availability of the system: 

A dangerous system should not be too available, but a vehicle must have a certain 

level of availability to be commercially attractive. 
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CHAPTER 5  

DISCUSSION AND CONCLUSIONS 

This chapter presents a discussion of the result of the analysis in the previous chapter. It also 

contains the conclusion of the discussion. Section 5.1 contains the discussion of the validity of 

the study as well as a discussion about the obstacles and how they relate to each other. Section 

5.2  presents the result of the discussion, and aims to answer the research questions “What are 

the obstacles to implementing CI for automotive CPS” and “Are there any additional 

obstacles for the case of autonomous automotive  systems?”. 

5.1 Discussion 

The discussion of the result of the analysis ranges from the validity, what can actually be 

concluded by the study, to the relation between and the implication of the identified obstacles. 

5.1.1 Validity 

The validity of the study is important to consider for the interpretation of the result. The 

following section discusses the different types of validity relevant for the thesis.  

5.1.1.1 Internal Validity  

To ensure internal validity the interview subjects were chosen together with both academic 

and industrial supervisors. Efforts were made to both get experts in the field, and, with regard 

to the the CR-process, gather enough data to get good coverage of the process. 

Some bias might exist in the fact that the interview subjects for the study of implementing CI 

know each other. Daniel Ståhl is Jan Bosch’s doctorate student, and Jan Bosch and Jonn Lantz 

know each other, which might mean that their views of CI might be the same, and not reflect 

all the points of views that exist in the field. However, it is apparent in the interviews that 

there are points on which they disagree, such as architecture and loop times.  

The interview subjects at Scania were chosen to get a good coverage of the CR-process, but it 

was not possible to interview members from all the different groups at Scania involved in the 

development of the electrical system. This means that there might be obstacles that are local 

to a certain group and might be over represented in the study, or existing obstacles that are not 

mentioned at all. Therefor it is important to remember that the obstacles identified in the case 

study at Scania are only from a sample of the entire development organization. 

To ensure that the conclusions drawn from the interview study at Scania were valid, frequent 

consultations and discussions with supervisors as well as a member check where previous 

interview subjects verified the preliminary findings, were organised.  

5.1.1.2 External Validity 

The transferability of the obstacles identified in this study varies. The obstacles identified in 

the external analysis, described in section 4.1.2.2, are transferable while the obstacles 

identified at Scania might not be. However, it might be important to point out that the list of 

obstacles in the external analysis might not be complete. The study does not claim to present 

all the possible obstacles that might occur when implementing CI, but the obstacles 

experienced by the interview subjects. To make such a claim a longer, more extensive study 
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should be done, with a larger amount of interview subjects from a larger number of 

companies. 

Similarly, it is important to point out that the obstacles to verifying autonomous vehicles are 

not a complete list of all the obstacles that might occur. The list is comprised of what the 

experts believe will be difficult, considering their current knowledge of the subject. 

The obstacles identified in the case study at Scania are not as general or transferable as the 

obstacles identified in the external analysis, but very specific to Scania. The obstacles at 

Scania are partly comprised of the obstacles identified by the external analysis, which 

supports the notion of transferability, but also heavily influenced by the company culture, 

which limits the claim for transferability. The relation between the obstacles identified in the 

external analysis and the obstacles identified in the case study at Scania can be seen below in 

the section 5.1.3. 

5.1.1.3 Construct Validity 

To ensure construct validity the different scopes of the study was discussed with both the 

industrial and academic supervisors. For the external analysis and case study at Scania 

concerning obstacles for implementing CI, the focus is valid. There might be some issues 

where some interview subjects might interpret it to only focus on the technical obstacles, 

while the process-related obstacles are just as interesting. However, in this study it did not 

seem like it was an issue.  

The construct validity of the study of autonomous verification is not as self-evident. The 

assumption behind it is that the verification of autonomous system will have the biggest 

impact on the development process. This assumption might be proven wrong, and therefore 

the construct validity could be questioned. But, it has been handled by explicitly stating that it 

is the verification aspect of autonomous vehicles that has been examined.  

5.1.2 Relation between the obstacles at Scania Case Study 

While analysing the obstacles for the implementation of CI at Scania, it became apparent that 

the obstacles seem to relate to each other. The relations between the obstacles are important to 

investigate, to understand the root causes. 

The CIViT-model, as seen in Figure 4, indicates that there is a problem concerning 

traceability of requirements at Scania. From the interviews it is indicated that the unit tests up 

to system test, getting an understanding of what requirements are tested and on which level 

they are tested is simply a question of documenting the tests. However, on integration test 

level, the assignment of the integration testers is formulated in such a way that the integration 

tests are not based around the requirements, but the user functions. Therefore, the assignment 

for the integration testers must be changed, a potentially substantial change. There is also an 

issue for the integration testers to have the time to do test analysis before testing. As it is now, 

that time does not exist before testing, and instead has to be done after the tests has been run, 

when the validity of the tests that failed is discussed. 

It seems that the implementation of CI is not the origin for this problem, as the traceability 

problem would have existed whatever development method had been used. However, the lack 

of traceability will definitely cause problems, if it is not causing it already, in the 

implementation of CI: it is mentioned several times in the external analysis of CI that it is 

extremely important to have extensive test coverage, as well as knowledge of the test 

coverage, to ensure the quality and safety of the system.  
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Also when studying the CIViT-model, the frequency of the tests seems to be similar to those 

at Volvo, which of all the companies interviewed is the one which have the most similar 

product to Scania’s. They also seem to struggle with the full system testing, or integration 

testing as it is called at Scania, and nothing indicates in the interview that their test loop is 

quicker than the one at Scania.  

To address the obstacles identified in the case study at Scania, it is important to also 

understand the relation between the obstacles to find the root causes: Figure 10 shows the 

obstacles which are connected to other obstacles, taken from the list of obstacles in 

Subsection 4.2.2, and shows how they are connected. From the relations it can be assumed 

that addressing the lack of test planning and analysis might be more difficult than just 

demanding it to be done, as it originate from a number of other obstacles.  

 

Figure 10 Relations between the obstacles at Scania 

As can be seen, there are a number of obstacles causing lack of test analysis and planning, 

which in turn affects the traceability, and to address the issue, all the underlying causes must 

be addressed as well. 

5.1.3 Relation between external analysis and Case Study 

The obstacles identified in Subsection 4.1.2.2 are seen as generally applicable. But how do 

they affect Scania, and what are their relationships to the obstacles identified in the case 

study? 

Human bias, both for slow testing and automated testing is noted among the list of obstacles. 

At Scania, the danger is especially a bias and a great faith in automated testing. It is pointed 
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out during the interviews that automated testing without test analysis is dangerous, and 

therefore the bias to rely on the automated testing without said analysis is dangerous. At 

Scania there is a lack of test analysis, and therefore the bias toward automates testing pose a 

serious risk. On the other hand, it is noted among the obstacles that there are some tests that 

should not be automated, such as exploratory testing. And at Scania a manual testing is done, 

however there is a need for more extensive test analysis of the division between manual 

versus automated testing. 

Architecture modularity exist at Scania, as it is one of their business concepts. However, there 

are many variations of said modules, which cause difficulty for the integration testers to test 

the different variations of heavy vehicles. It causes problems in the sense that the testers 

maybe don’t have a certain constellation available to test on and adds to the workload put on 

the integration testers.  

Revision handling is also mentioned as an obstacle, and it is an obstacle at Scania. At Scania 

this manifests in that the CR’s are very dynamic and changes over time, which means that the 

integration testers are unaware of what they should test until the test week starts. The 

obstacles that follow from this can be seen in Figure 10. 

Scania is also affected by the fact that CPS is non-deterministic and slow. To handle the non-

determinism testing in HiL-labs and manual testing is necessary. HiL-labs are expensive, and 

difficult to automate tests, and this means that the HiL-labs are not utilized to their full 

potential. It might also be worthwhile to consider utilizing MiLs to larger extent, since it 

would be easier to handle the variations of systems virtually rather than with HiLs.  

Certification, as defined in subsection 4.3.3.1, is definitely an obstacle relevant for Scania. 

Currently, certification is a time consuming process, and when it is finished the companies are 

reluctant to implement changes. CI, at the same time is a development method of 

continuously changing a system.  

Safety critical CPS require higher test coverage, and this is highly relevant at Scania, as it 

currently unknown what the test coverage is.   

5.1.4 Implication of Results – Implementing CI 

What are the implications of the obstacles to implement CI for CPS?  

Even though the obstacles can be identified they cannot always be removed. The obstacles 

concerning model complexity and the needed level of test coverage will always exist. The 

more complex the systems become the more complex models will be necessary, and the fact 

that safety critical systems require higher test coverage will probably never change. Also the 

fact that not all testing activities should not be automated, as well as the fact that testing CPS 

is more time consuming than pure software systems are not obstacles that can simply be 

removed. In fact, with current knowledge and technology all the recounted obstacles cannot 

be removed. Instead it seems it will be necessary to work the processes around them.  

But what is the most important obstacles? The case study indicates that CI is a lot harder for 

full system testing, or integration testing, as it is called at Scania. But it can also be argued to 

be one of the most important test levels, as it is on this level the different assumptions made 

while designing and testing the system on lower levels are tested. Therefore it is important to 

focus on the obstacles connected to the difficulties experienced by the full system tester, both 

purely process related and technical issues like automating full system test. Also, it is 

important to remember that obstacles in earlier part of the development process might affect 

full system test. It can be argued that almost all the obstacles are hardest to handle during full 

system testing. The exception is probably certification, but only since it is not an obstacle for 
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implementing CI, but to the development method as a whole.  But the others, how well the 

architecture has been modularized, the non-determinism of CPSs and handling HiL-rigs to 

name a few, have their worst fallout when the entire system has to be handled as a whole. 

This is strengthened by the results from the case study at Scania which indicated that the 

integration testing is the part of the testing process with the most problems. 

Also certification might become a big issue, as the idea of certification, making sure one 

revision of a product is up to standard, and CI, continuous changes, are important to consider. 

In the introduction it was stated that CI is a development process which is gaining popularity, 

and must be doing so for a reason. If certification does not allow for more AGILE 

development practices, the reasons the companies strive towards AGILE might harm them. At 

the same time, it takes considerable effort to achieve traceability for AGILE practices such as 

CI, and there is a risk of not achieving the necessary test coverage, test analysis and 

traceability. The worst case scenario is a bias towards believing that it is not necessary to try 

to achieve it, which is when the risk of building dangerous products is very real. Certification 

should definitely try to stop such misconceptions, however, if it is possible to build safe 

systems by utilizing CI, certification should allow it.  

5.1.5 Implication of Result of Autonomy study 

What do the obstacles defined in section 4.3.4 imply? 

Many of the obstacles identified are already obstacles to current development practices. For 

example, it is already difficult to handle safety critical systems, as they demand higher test 

coverage and current systems already have a staggering amount of tests to run. However, in 

the case of autonomous vehicles the number of test cases will make the system untestable, as 

the vehicles will be even more complex than the systems under development today. With this, 

it follows that the cost of developing said systems will go up, so companies that develop 

autonomous vehicles must expect lower profitability, and increased difficulty in modelling the 

system. Though it can be argued that with autonomous heavy vehicles, haulage companies 

can omit drivers, and therefore the haulage companies’ driver related costs could be 

eliminated. Therefore, a high price for an autonomous heavy vehicle could be justified, and 

profitability could remain the same, despite the increased development cost. The increased 

complexity will also increase safety criticality which is followed by an increase in importance 

of test analysis. It is not enough to raise the test level without an understanding of what has 

actually been tested.  

It was also mentioned that there is a lot to learn from the aerospace standards when it comes 

to handling safety cases. However, as they are expensive to follow, this might lead to a 

reluctance to change the systems. This also means that not all states of the systems are 

explored and verified, so when the vehicle is commercialized, it is less efficient than it has 

potential to be, and it will potentially remain so for a long time. 

Certification is a big issue for development of autonomous vehicles. It was stated during the 

interviews that CI was a method to handle system complexity, and autonomous vehicles will 

be very complex systems, by continuously developing a system. The certification process, as 

stated above, is very long and after certifying a system, it is customary not to want to change 

it: it then has to be recertified again, which goes against the idea of continuous change and CI 

in general.  

It is still unknown how autonomous vehicles should be certified. According to the interview 

with Jonas Nilsson from Volvo, it might be a good thing as there exist no finished product yet, 

and the methods of how to certify, safety analyse and verify should wait until there is a 

product, it is clear what it is capable of and what the expectations are of it.  
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At Scania, many of the obstacles for developing and verifying autonomous vehicles were 

connected to the ambiguity of the current development process, such a straggling, non-unified 

development process, too many unofficial channels of communication and the roles 

integration testers being obscure.  

 

5.2 Conclusions 

The list of obstacles for implementing CI can be found in sections 4.1.2.2 and 4.2.2, and for 

verifying autonomous vehicles in section 4.3.4. This is part of the conclusion for this thesis. 

This section presents the conclusions from the discussion based on those obstacles and 

thereby completes the conclusions. 

5.2.1 Obstacles to CI for automotive CPS  

The obstacles identified for implementing CI for automotive CPSs can be found in section 

4.1.2.2  and 4.2.2 .  

The conclusions from the discussion are that though the obstacles can be identified, not all 

can be removed. Some obstacles require technical solutions, such as the issues of automating 

tests for HiL-rigs. However, in the absence of potential future innovative solutions, many of 

them have to be handled within the process. One major effect of the process-related obstacles 

is that they are cumulative and cause difficulties during full system testing, or integration 

testing.  

CI should not be seen as a magical cure, that when implemented will take away any problems 

with traceability. On the contrary, ensuring traceability is more important while implementing 

CI.  

Certification is an issue that might cause a lot of trouble in the future. The very idea of CI is 

opposite to that of certification and what is allowed from a certification point of view will 

affect how effectively CI can be used.  

Most of the obstacles identified in the external study affect the implementation of CI at 

Scania, as was presented in the discussion, which strengthens the assumptions that the 

obstacles identified are generally applicable. 

The conclusions that are more Scania focused are that the CIViT-model indicates that though 

the frequency of the test loops are adequate, the fact that the test coverage is unknown to such 

a large extent is very troubling. It should be considered dangerous, especially in a CI context, 

where the importance of test coverage to build safe systems have been stated. The testing 

level where this is most pronounced is the integration test.  

The reason for the difficulties of recording test coverage can be found among the obstacles 

discovered at Scania. The obstacles are highly interconnected, and to get around them it is 

important to identify the root causes.  

With this the research question “What are the obstacles for CI for CPS vehicles?” is deemed 

to have been answered.  

5.2.2 Obstacles for CI for autonomous automotive CPS 

The obstacles for verifying autonomous vehicles can be found in section 4.3.4.  
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It is difficult to speculate on how autonomous vehicles would affect CI. The conclusion of the 

thesis is that what have been identified as obstacles for implementing CI for CPS vehicles, 

such as achieving adequate test coverage and traceability, handling large and complex 

systems, will become even more difficult. The safety criticality for autonomous systems 

would mean that the test coverage and traceability would be even more important. 

Certification for the systems will be an even bigger issue as the autonomous vehicle will be 

safety critical, and the demands for certification will affect to how CI can be implemented. It 

is still unknown how it will affect it though, since how autonomous vehicles will be certified 

is unknown.  

There might be issues for the changeability of autonomous systems as well. The safety 

standards are seen as role models are expensive to follow, and therefore, when the verification 

process is finished, there will probably be a reluctance to change the system, which might lead 

to a substandard and less efficient vehicle in the long run. This of course also goes against the 

idea of CI, as it is a method of development which promotes constant change in small 

increments. 

However, many issues concerning autonomous vehicles are unknown. How autonomous 

vehicles should be verified and safety analysed are unknown and therefor it is not possible to 

know how they could potentially affect the development process.  

At Scania, it is noted that the current issues, such as the unclarity of the development process 

combined with unclarity of the test coverage in today´s process do not create the optimal 

environment for developing autonomous vehicles, and many of the obstacles identified would 

be exaggerated by doing so.  

With this section the question “What are the additional obstacles for CI for autonomous 

vehicles?” is answered. 
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CHAPTER 6  

RECOMMENDATIONS AND FUTURE WORK 

In this chapter, recommendations on more detailed solutions and/or future work in this field 

are presented.  

6.1 Recommendations 

6.1.1 Recommendations for handling Obstacles for CI 

Technical solutions for some of the obstacles might help to alleviate the workload on the 

testers, especially full system/integration testers. But the process related obstacles should not 

be ignored in favour for the technical ones. It is important to create the opportunity for the 

testers to do continuous test analysis, and give them the tools or time to measure tests 

coverage and create traceability. Traceability is necessary to be able to gauge how well the 

implementation of CI has been implemented. The solution to achieve this is not necessary 

technical, it can instead be organizational.  

It is also important to handle the expectations of CI, when attempting to implement it. The 

expectation should not be that CI will be simple to implement, or that issues around 

traceability will not exist when implementing CI.  

It is also highly recommended to look into certification issues. Can CI be used and still pass 

certification? Should CI be allowed for certification? If not, another development process 

should be implemented as soon as possible. 

6.1.2 Recommendation for Scania 

For Scania the recommendation is to focus on traceability and not on shortening the speed of 

the test loops. The focus should lie in measuring test coverage for all the different levels of 

testing, and then analyse what level of test coverage is desired. That is, create an overlying 

testing strategy for the entire system, find the obstacles, remove them or work around them. It 

should be attempted to not let the achieved test overage be based on chance, but instead it 

should be based on a thorough analysis. To this end, the information channels, both the 

existing, and the needed, should be thoroughly examined. 

A lot of focus should lie on integration testing, where there are issues concerning knowledge 

of test coverage and traceability. One important issue would be to build test cases based on 

requirements and not on descriptions of functions. This will probably be a rather radical 

change, which will probably take a while to set. There are other issues affecting the 

traceability at integration test level, such as the fact that the test analysis is lacking.  

To change this, it is important to analyse the obstacles. It should be expected that the attempt 

of handling on obstacles would unearth new ones. It is also important to make sure that it is 

the origins of the obstacle that are handled, and not the symptoms.  

One of the obstacles that should be addressed, which might be integral to solve the issues 

around integration testing, is the instability of the CRs. There is a reason for why they are 

unstable, and it should be determined why. If this issue together with the issue for the 

integration testers to get information about the CRs, it would go a long way towards 

lightening the workload for the integration testers.  
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It might also be a good idea to consider the number of integration testers. One of the reasons 

for the high workload might be the integration testers being understaffed, and signs points to 

that the systems the integration testers are expected to handle will not become any smaller or 

less complex. It would be good to observe the workload over time, and by doing so be able to 

react to trends, so that when the time comes when it definitely will be necessary with an 

increased number of testers, it will not take the company by surprise. It might also be a good 

idea to consider moving some of the testing towards MiL, as it might be easier to handle 

variations of vehicles in a completely simulated environment than working with HiLs. 

The technical difficulties which does not allow the integration lab to be used to its fullest 

potential should also be resolved. The removal of those obstacles would perhaps allow the 

integration testers to focus on making the division between what tests should be run 

automatically and what should be tested manually, and allow that choice to be made based on 

test analysis, and not on what the technology allows. 

6.1.3 Recommendations for Autonomy 

When it comes to the autonomy, many aspects of developing autonomous vehicles are 

unknown. Effort should be taken to clarify these unknowns, to have a well-functioning, stable 

development process, where the test coverage can be adjusted without too much effort, and 

there exist traceability from the definition of requirements to integration testing. This might 

make the transition to developing autonomous vehicles as smooth as possible. 

Certification for autonomous vehicles will also be an issue, and how the certification process 

will work together with the development process as effectively as possible should be 

thoroughly researched, so that the accommodation of certification won’t come as a surprise. 

This of course also applies to Scania. 

6.2  Future work 

There are numerous issues to address during future work.  

One is the various technical issues, such as making it possible to automate HiL-rig testing for 

full system test levels, or how to handle non-determinism in simulations, not to mention the 

various technical difficulties and uncertainties concerning autonomy.  

Another is to examine the expectations of CI, and how it affects the implementation of it. 

Would it be a smoother process of achieving fully functioning CI if the expectations are 

devoid of bias? 

Also, what is the goal for CI, especially in the vehicle industry? Is the goal to take the step to 

Continuous Deployment? It is possible to have an internal customer to which software is 

deployed. Would this be an advantage and what effect would it have on the quality of the 

software. And how would this function together with certification? If laws to certify the 

software in vehicles are reqiured, and the certification does not allow CI, what would the 

effects be on the vehicle industry? Should CI be approved by certifying bodies? 

At Scania, a testing strategy for the entire company should exist. To be able to create one, it is 

necessary to understand the obstacles for achieving traceability and doing test analysis, and 

how those obstacles relate to each other. It is necessary to understand those obstacles to 

implementing CI successfully. One important obstacle is the instability of the CRs. Another is 

the inadequate information channels. This is especially important for the future as the amount 

of information will increase and be harder to handle, and therefore it is important to be 
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proactive and define the information need, and the appropriate channels. If these two 

obstacles can be handled successfully, it would greatly affect the workload of the integration 

testers, which in turn would improve the conditions for test analysis and traceability. 

Lastly, there is a reason for why the obstacles at Scania exists. Especially those related to 

documentation. What is that reason? Is it the company culture? Lack of clarity in the process 

definition? To address the obstacles, it is necessary to understand the cause, and therefore the 

cause should be thoroughly investigated. 
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APPENDIX A 

 

This appendix presents the interview subjects, their name and profession, as well as the focus 

for their interview. The interview subjects are sorted after name.  

David Ahlstig – Scania, REST  

David Ahlstig works in the REST group, a group with the responsibility to test the software 

and the hardware of the entire electrical system by doing manual tests in trucks. He works 

with planning tests and compiling the test report after the tests has been done. The focus of 

the interview was the integration testing part of the CR-process, and how it relates to the rest 

of the process.  

Rickard Andersson, Daniel Ståhl – Ericsson 

Daniel Ståhl is an industrial PhD, and the Continuous Integration Subject Matter Expert at 

Ericsson. Rickard Andersson is a SW Development Researcher at Ericsson. 

The interviewed focused on how and to what extent Continuous integration have been 

implemented at Ericsson, and what obstacles have been observed. At Ericsson the 

implementation of Continuous Integration is permeates the company, but at very different 

levels. For some products Continuous Integration has yet to be achieved, while for some other 

Continuous Deployment has been achieved. 

The interview focuses more on a general level of how Continuous integration has been 

realised than on a specific level exactly how it has been realised. 

Viktor Antevski – NEC  

Viktor Antevski Is the system owner in the group NEC. NEC is the group which develops the 

software for the gearboxes at Scania. He is responsible for the systems under the NEST 

groups responsibility. The focus of the interview was the system owners part of the CR-

process, and how it relates to the rest of the process. 

Anna Beckman – RESA  

Anna Beckman is a technical manager for electrical system safety and is responsible both to 

perfor an initial safety anlaysis for a CR, and go through all the changes in the system before 

start of productions of the same system. She is placed in the RESA-group, which is the group 

who contains software and hardware architectures as well as safety engineers in charge of the 

overall safety of the electrical system. The focus of the interview was how the safety analyses 

affects the CR-process, and how it relates to the rest of the process, as well how autonomous 

vehicles would affect safety analysis.  

Jan Bosch - Chalmers 

Jan Bosch is a professor of software development at Chalmers University. He has written 

about the subject of Continuous Integration and is the director Software Center, a 

collaboration of wight companies and four universities, which strives to make companies 10 

times as efficient, where one of the means to achieve this is through implementation of 

Continuous Integration and Continuous Deployment. 

The interview focused on the implementation of Continuous Integration in very general terms, 

which is to say, the interview didn’t focus on a specific company’s implementation of 
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Continuous Integration, but how to define Continuous Integration, the benefits of Continuous 

Integration and how to implement Continuous Integration for CPS. 

The interview also focused on the various obstacles he has experienced, and how to get past 

them as well as how a company’s implementation of Continuous Integration can be evaluated 

and improved by using the CIViT model. 

Felix Foborg, Simon Wretblad – REVM  

Both Simon Wretblad and Felix Foborg are function owners at the group REVM. They create 

CR’s when needed, and communicate with coders and testers during the implementation 

phase of the CR. They are also responsible for testing the function before the integration 

system. The focus of the interview was the part of the CR-process where the CRs are initiated, 

the definition of the requirements of the CR and communication with developer and testers.  

Jonn Lantz – Technical expert in Continuous Deployment, Volvo 

Jonn Lantz is technical expert for Continuous Deployment at Volvo Cars. He is very much 

involved with how Continuous Integration at Volvo has been implemented. Continuous 

Integration was started at Volvo as a grass root movement, from the individual developers, 

and then it spread its way through the company. The company do not develop all their 

software themselves, but outsource the parts of Software that are not customer critical, which 

includes safety critical parts as it is not considered to be customer critical. 

The interview focused on the manner of implementation of Continuous Integration at Volvo, 

and the obstacles in implementing the procedure. It was also briefly discussed how to proceed 

with more complex electrical systems. 

Christoffer Lidbäck, Mengxi Wu - REVE,REVT  

To understand how the implementation and testing procedure is handled at Scania, Mengxi 

Wu from REVE and Christoffer Lidbäck from REVT was interviewed. 

REVE is the implementation group in the parent-group REV. Their role is to implement the 

requirements identified by the functions owners in the neighbouring groups, for example 

REVM. Mengxi Wu is a de veloper who works with implementing the code, both through 

handwriting code, and model based development in Simulink. She is also involved in the 

working with the Continuous Integration platform used in Scania, called Jenkins. 

REVT is the testing group in the parent group REV. Their roles are to test their systems, 

which in this context is limited to the hardware limitations of a control unit, before sending 

the newly implemented code to integration testing. Christoffer Lidbäck, a tester, works with 

testing the software developed by doing tests in HiL – environment, and SiL-environment on 

a function test level. 

The interview focused on what work process they have, how they follow it, and why does it 

look like it does. It also aimed to get an understanding of what level of Continuous Integration 

is implemented at coding and system testing level. 

Jonas Nilsson – Volvo 

Jonas Nilsson leads a team in the Drive Me-project at Volvo, which aims to put a 100 

autonomous vehicles on the commuter roads around Gothenburg. The focus of the interview 

was on how the development of autonomous systems affects the development process, with 

special focus on methods of verification and safety. 
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Andreas Pettersson – RESI  

Anders Pettersson works in the RESI group, a group with the responsibility to test software 

and hardware of the entire electrical system by using a HiL-rig. He works with planning the 

testing based o the list of changed functions and creating test scripts for user functions. The 

focus of the interview was the integration testing part of the CR-process, and how it relates to 

the rest of the process. 

Per Roos – RESA   

Per Roos is a software architect for the electrical system at Scania. In the CR-process he has 

the responsibility of systemization of the changes of the electrical systems communication 

between units. The focus of the interview was what part the systemization is of the CR-

process, and how the system architecture can be affected by development of autonomous 

vehicles and the verification of such a system. 

Martin Törngren – KTH 

Martin Törngren has been a professor in Embedded Systems since 2002, and has worked with 

a group who focused on the architecture, safety and model based development, and autonomy 

has been part of the picture and come to be more and more into focus. The focus of the 

interview was how the development of autonomous systems affects the development process, 

with special focus on methods of verification and safety. 
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APPENDIX B 

This appendix presents all the codes used for the analyses of the interviews.  

External Analysis 

 Presents the codes used in the external analysis of the obstacles for CI for CPS vehicles. 

The code words in Table B.1 were used in the analysis to examine the interview subjects’ 

thoughts and opinions of CI and how it should be implemented.  

High-level 

Code 

Sub-level code Description 

[Gen:]  Overview of concepts related to CI 

[CI:]  Content specifically discussing CI 

 …: how How Continuous Integratoin has been implemented 

 …: why Why CI should be implemented 

 ….: when  When CI should be implemented 

 …: eval Evaluation of CI 

 …:fut Future works and improvements for CI 

 Table B.1  

The code words in Table B.2 were used in the analysis in the external analysis of the obstacles 

experienced when implementing CI. 

High-level Code Sub-level Code Description 

[Obst:  Content related to obstacles experienced by the interview 

subject. 

 …: auto] Obstacle related to automation of processes 

 …: saf] Obstacle related to safety issues 

 …: CPS] Obstacles related to CPS 

 …:trac] Obstacles related to traceability 

 …:arch] Obstacles related to systems architecture 

Table B.2 

Case Study at Scania 

The codes in Table b.3 used in the analysis for the case study at Scania, where the processes 

and obstacles for those processes were examined.  
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High-level 

Code 

Sub-level 

code 

Subsub –

level code 

Subsubsub- 

level code 

Description 

[Gen: ]    General mention of subject of interest. 

 …:term   Term is explained 

[Pro: ]    Process related data 

 … : ext   External Process: Processes and actions of 

groups outside the interview subject 

 … : int   Internal Process: The process of the group 

of the interview subject 

  … :time  Timing of internal process includes all 

details of when an action of the process is 

performed 

  …: in  Input to process: information that hasn’t 

been generated by an action within the 

process and the group of the interview 

subject. 

  … : dok  Output to process: Information the group 

produces, meant for future internal work or 

external groups. 

  …: dev  Deviation from how the process is 

supposed to be performed. 

  … : act  Action in process: Descriptions of work 

that is done within the process. 

   Meeting When an action is a meeting. 

   prep When action is a preparatory act, including 

systemization and CR handling of 

requirements. 

   design Data related to the design phase of the CR-

process. 

   impl Data related to the implantation phase of 

the CR-process. 

   Test Data related to the test phase of the CR-

process. 

   Analy Data related to the analysis part of the CR-

process 

[Obst:]    Data related to obstacles in the process 

 [exp]   Data related to obstacles experienced by 

the interview subject. 

Table B.3 

Obstacles to implementing CI for Autonomous Systems 

The codes in Table B.4 were used to analyse the differences in developing autonomous and 

non-autonomous vehicles. 
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High-level Code Sub-level Code Description 

Auton   

 :saf Safety related aspects of autonomy. 

 :what What is autonomous systems and how is it separate form non-

autonomous sytems 

 :pres What does autonomous systems need to be autonomous 

Table B.4 

The codes in Table B.5 were used to analyse the obstacles of developing autonomous 

vehicles, both in a general sense and at Scania. 

High-level Code Low-level Code Description 

Obst  Difficulties and challenges while developing autonomous 

systems 

 Arch Architecture 

 Pro Process 

 Test Testing activities 

 Verif Verification 

 :Saf Safety  

 :Cost The Cost of the system 

Table B.5 
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APPENDIX C 

This appendix presents brief descriptions of the sources found in the literature analysis part of 

the thesis.  

Continuous Integration for CPS 

Here the articles from the literature search for implementing CI for CPS have been described. 

The search string used to find the relevant resources were: 

((Real time OR Cyber physical system* OR Embedded system*) AND "CI" )) 

IEEE Xplore 

Climbing the ”Stairway to Heaven” - Holmström Olsson, Helena; Alahyari, Hiva; 

Bosch, Jan 

This conference publication describes how the authors did case studies with three different 

companies, by doing 18 semi-structured interviews with open-ended questions. The case 

studies followed the four different companies within the IT-industry as they try to achieve 

Continuous Deployment. The authors of the article has defined stages to achieve Continuous 

Deployment, which are Traditional Development, Agile R&D Organization, Continuous 

Integration, Continuous Deployment and R&D as an Experiment System, and the four 

companies in the case studies are distributed among these stages.  

The interviews focused on the current ways of working, current customer interaction 

mechanisms/models, strengths/weaknesses in current way of working and a theme related to 

an imagined future of Continuous Deployment and the barriers to get there. 

The article presents the obstacles the companies experienced when trying to get from their 

current step to the next, among those were automating the testing processes, collaborating 

with suppliers, the usage of tools and involving the product manager in the development and 

deployment process.  

CiCUTS: Combining System Execution Modeling Tools with Continuous Integration 

Environments - Hill, James H; Schmidt, Douglas C; Porter, Adam A; Slaby, 

John M 

The article presents two contributions to research on how to combine System Execution 

Modeling with Continuous Integration environments, in this case the system execution 

modeling tool CUTS with the Continuosu Integration environment CruiseControl into 

CiCUTS. The combination of these two tools were done to manage continuous testing of the 

system execution, instead of waiting until final integration testing. This ensured quality of 

system throughout its development lifecycle. The conclusion of the evaluation of CiCUTS 

was that the use improved quantitative and qualitative testing of performance requirement by 

letting developers and testers focus on resolving system performance issues, making it 

possible to do integration testing throughout the development process and allowing for testing 

at all hours of the day. However it does lack support for third party component development. 

Pushing the Boundries of Testing and Continuous Integration - Cannizzo, Fabrizio; 

Clutton, Robbie; Ramesh, Raghav 

The article describes how a development team develops a Session Initiation Application 

Server for a global telecommunications company based in United Kingdom. During the 
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development it was realized that they needed a way to continuously test the robustness of the 

system, to ensure that changes in the code has led to the level of robustness change. The 

solution was to include a robustness build to the continuous build, instead of testing it every 

weekend. This initially caused a severe impact on the velocity of the project, since the build 

broke frequently after introducing the robustness build to the continuous build. However, this 

let the developers find bugs that they would otherwise had missed, caused the developers to 

write robust code from the beginning and allowed them to prove robustness to customers.  

Functional Testing of Complex Event Processing Applications - Weiss, Johannes; 

Mandl, Peter; Schill , Alexander 

The article discuss Complex Event Processing as an important future tool for flexible and 

efficient development of event-driven real-time applications. But it can only be used of the 

application developed with complex event processing testability can be guaranteed, especially 

if the tools are to be used in agile and Continuous Integration development processes. The 

article can demonstrate that what is needed is an interface to access the application and the 

runtime environment, and presents the requirements of that interface. 

A Scalable Autotest Platform For Embedded System - Liu, Di; Su, Qiao; Xie, Yan 

The authors of the article has designed a scalable autotest platform for black box system 

testing of embedded systems. The article describes the architecture and the scalability of the 

patform and states that by providing this platform for testing it will make it possible for 

developers to continuously test their software and “…provide a protection for the software 

development.” 

Engineering Village, Inspec 

Exploiting Timed Automata for Conformance Testing of Power Measurements - 

Woehrle, Matthias; Lampka, Kai; Thiele, Lothar 

How to automate tests of power consumption, which is in this report considered to be a chief 

metric for embedded systems. To automate the test, the conformance to a specification tested 

the power consumption must be. Mentions in the abstract how automation of tests are a 

necessary pre requisite for continuous integration. No further mention of continuous 

integration. 

uBuild: Automated Testing and Performance Evaluation of Embedded Linux Systems - 

Erculiani, Fabio; Abeni, Luca; Palopoli, Luigi 

A tool to support automated execution of repeatable and controlled tests of embedded Linux 

systems.  

Applying Industrial-Strength Testing Techniques to Critical Care Medical Equipment  - 

Woskowski, Christoph 

Article contains two case studies. The article aims to provide possible solutions to how to 

adequately test a safety-critical medical system, with an inherent complexity, limited external 

debugging and tracing interfaces and multitude of possible internal states. The article presents 

two cases studies, one which is in a late development phase, the second in an early 

development phase.  

1. First case study concerns a medical device, consisting of a touchscreen and infusion 

pumps, at a rather late stage of its development. It was deemed that though the current 

coverage of the unit tests, not performed as a part of a continuous integration process, 

did not give confidence that the minor local changes would not break a remote part of 

the system.  
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To improve software quality it was deemed that automatic system tests was the 

appropriate way to go, since the effort of performing unit tests and integration tests 

would be greater than the benefits of the tests.  

To manage these systems test a testing rig was built, which was equipped to deliver 

input to the touch screen as well as recognizing the image on the screen. The rig was 

restricted to testing the system caused by a touch input on the screen. To ensure that 

the tests are documented a test protocol is kept.  

The conclusion drawn from this case study is that unit test and integration test 

coverage cannot be increased at a late stage of a complex project.  It is possible to add 

automated system tests at a late stage of a project, but at an enormous effort.  

 

2.  The second case study concerns a medical mechatronic product. It has been classified 

as critical and the finished product must conform to applicable safety standards and 

regulations. Since the testing can be planned from an early stage of the project it is 

possible to design the architecture and the HW for testability, and perform static 

analysis of the code. A testing strategy has also been planned at unit, integration and 

system levels. The unit and integration tests are run on a build server which triggers at 

every source code change. The software allows for platform independence, and can be 

run against simulation and on target HW.  

The system tests where automated, and all project data, such as requirements, test cases as 

well as traceability information where stored in a commercial project management software. 

In-house testing framework was used to fetch test cases from a repository, execute the test 

case, and read back and store the result.  

Online and Offline Determination of QT and PR Interval and QRS Duration in 

Electrocardiography - Bachler, Martin; Mayer, Christopher; Hametner, Bernhard; 

Wassertheurer, Siegfried; Holzinger, Andreas 

Conference paper which presents work done in the field of analysis of electrocardiography in 

two types of applications. One where the analysis is done on a personal computer with 

recorded data, and the other where the analysis is done in real-time on an embedded device. 

During the development of these applications the goals of these two application where the 

same for as long as possible. The algorithms developed in the project where developed in 

MATLAb environment.  

Continuous integration features, such as version control repository, continuous integration 

server, build scripts and a feedback mechanism was used in the project, and automated tests 

were performed after every build. To aid with the continuous integration features, a 

continuous integration tool, Jenkins, was used.  

After the automated steps where carried out, the embedded application where verified and 

validated. The verification was done with a HIL – simulations. The simulations where done 

by generating the signals previously used for the verification process. The signal generation 

were controlled by MATLAB. By doing this, the test-results where verified as well as the 

application was validated. 

 

Verification of Autonomous Systems 

Here the articles used to find what has been written about verification of autonomous systems. 
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The search string used for finding resources:  

(((("CPS" OR "Cyber-Physical Systems") OR "Embedded Systems") AND 

"Autonom*") AND verification) 

The resources used to find the articles were IEEE Xplore and Inspec.  

IEEE Xplore 

Real-time Property Verification in Organic Computing Systems - Stein, Steffen; 

Hamann, Arne; Ernst, Rolf 

The paper identifies that problem of integration functionality into complex embedded 

systems. They also theorize that future organic computing systems, systems that are self 

adapting and self configuring, there will be a need to integrate new functionality into sunning 

systems. Therefore it would be advantageous to for the organic system to autonomously do 

so. The paper presents the challenges fo doing so with organic systems, and concludes that the 

solution should be real-time analysis, for the system to analyze itself.However, the current 

methods does not allow for such an analysis. The identified solution is to take the method of 

off-line analysis algorithms one step further and apply to online algorithms. The paper then 

proceeds to introduce the algorithms needed to implement the method, and a case study where 

the method was used, and then discusses the result, which was that greater robustness to 

subsystem failures was achieved. 

HyDI: a language for symbolic hybrid systems with discrete interaction - Cimatti, 

Alessandro; Mover, Sergio; Tonetta, Stefano 

In this paper a new language for modelling Hybrid systems with Discrete Interaction(HyDI) is 

presented. The aim of the language is to be able to represent complex hybrid embedded 

systems for formal verification. Complex hybrid embedded systems are embedded systems 

which operates autonomous devices. The autonomous devices are used in the physical 

environment, and not in an controlled predictable environment. 

HyDI addresses the problems of complex embedded systems mix of continuous and discrete 

behavious, which is not easily modelled.  

Open Problems in Verification and Refinement of Autonomous Robotic Systems - 

Bresolin, Davide; Guglielmo, Luigi Di; Muradore, Riccardo; Fiorini, Paolo; Villa, 

Tiziano 

The paper addresses the issues of formal verification of embedded and robotic systems 

behaving both continuously and discreetly. It present a state of the art, and describes the 

problems of buiding autonomous systems. 

Supporting Heterogeneity in Cyber-Physical Systems Architectures  - Rajhans, Akshay; 

Bhave, Ajinkya; Ruchkin, Ivan; Krogh, Bruce H; Garlan, David; Platzer, Andre; 

Schmerl, Bradley 

This paper addresses the issues of CPS having both continuous and discrete bahaviour. The 

solution, as presented in the paper, is a architecture framework which would ensure 

consistency and allow for verification on system level. 

Verifying Cyber-Physical Interactions in Safety-Critical Systems - Mitra, Sayan; 

Wongpiromsarn, Tichakorn; Murray, Richard M 

The article presents a case study where a previously stable autonomous CPS suddenly 

malfunctioned. The CPS had been comprehensively verified on component level, which was 

shown to not be enough. Therefor the article suggest a number of verification methods to 
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avoid bugs as were apparent in the case study. Among those are open and formal verification 

to identify dangerous component interaction. 

Engineering Village, Inspec 

Obtaining trust in autonomous systems: tools for formal model synthesis and validation 

- Heitmeyer , Constance L; Leonard, Elizabeth I 

The paper identifies the need of trust for autonomous vehicles to be used commercially. That 

is, to generate models of the autonomous system and then validate the models. To gain that 

level of trust the authors suggest both formal model and model based simulations. In the 

article two tools, for formal modeling and model based simulations are introduced and 

evaluated.  

Formal methods for semi- autonomous driving - Seshia, Sanjit A; Sadigh, Dorsa; 

Sastry, S Shankar 

The paper presents the challenges of developing semi autonomous automotive CPS, which 

includes methods of specification and verification. 

A Conceptual Reference Model of Modeling and Verification Concepts for Hybrid 

Systems - Müller, Andreas; Mitsch, Stefan; Retschitzegger, Werner; Schwinger, 

Wieland 

The paper presents a conceptual reference model to be able to overcome the issue of the lack 

of a common classification of the different aspects of CPS. This is identified as especially 

important as CPS often are safety critical and often used in unpredictable environments.  

The Role of Parts in the System Behaviour - Di Ruscio, Davide; Malavolta, Ivano; 

Pelliccione, Patrizio 

The thesis of this paper is that the role of the parts in a system must be thoroughly understood 

to build safe and robust systems. The paper presents a number of advantages to such an 

approach. Among others, it would be possible to enable verification of evolving systems and 

detect and isolate faults in the system. 

Towards Performance-Aware Engineering of Autonomic Component Ensembles - 

Bures, Tomas; Horky, Vojtech; Michal, Kit; Marek, Lukas; Tuma, Petr 

The paper presents a method of providing performance awareness during the development of 

open ended distributed highly dynamic software systems, or “smart CPS”. The method is built 

on integrating the performance assessment and awareness techniques. By utilizing this 

method it is possible to simplify the development of “smart CPS”. 

  



 

 89 

  



 

 90 

APPENDIX D 

Here the data corresponding to the material answering the questions about what CI is in CPS 

context, why CI should be used and how it can be implemented.  

Interview Study – About CI 

Here the analysed data from the interviews with the interview subjects listed in subsection 

3.1.1 will be presented. As mentioned in the same section, the analysis is done by the means 

of meaning coding. The transcripts of the interviews were coded with predetermined high-

level codes. The definition of the high-level codes is based on the focus of the interviews, 

which in this case were how and when CI should be implemented and why the CI should be 

implemented. The lower levels were defined after discovering common themes when reading 

through the transcripts. The codes used can be seen in the Table D.1. 

 

High-level code Sub-level code Description 

[Gen:]  Overview of concepts related to CI 

[CI:]  Content specifically discussing CI 

 …: how How Continuous Integratoin has been implemented 

 …: why Why CI should be implemented 

 ….: when  When CI should be implemented 

 …: eval Evaluation of CI 

 …:fut Future works and improvements for CI 

Table D.1 Codes used for external analysis of implementation of CI 

A complete table of all the codes used can be found in Appendix B. 

What Is CI 

From the interviews it is clear that CI is implemented and defined differently at different 

companies. In the interview at Ericsson it is stated no industry standard for CI exists, though it 

would be helpful if it did. 

The definition stated during the interview at Ericsson is “CI, the automatic and frequent 

integration of source code changes into source baselines and binary component diversions 

into binary baseline including e.g. compilation, linking, packaging, testing and analysis.”. Jan 

Bosch, from Chalmers university, and Jonn Lantz, of Volvo, have the same definition, with 

the addition of being able to provide production quality software at least once a sprint. 

Therefor, according to Jan Bosch, production quality software should be available at least 

once every 4 weeks, but ideally more often. According to Jonn Lantz it should be available at 

all times. Production quality in this case, according to Jan Bosch, depends not only on 

functional quality but also on but also the quality of the system, performance, robustness and 

reliability. 

In two of the three interviews it is explicitly stated that Continuous integration should not be 

seen as something of value in itself, but as the means to an end. It is important not to focus 

only on getting the feedback loops as quick as possible, but to understand what problems have 

to be solved with CI, and to adjust the practice of CI to that.  
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In all the interviews Continuous Deployment was mentioned as the next natural step after CI. 

Continuous Deployment according to Jan Bosch is when the time of an upgrade is decided by 

the company rather than the customer, and the deployment is automated. With this follows a 

transition of responsibility from the customer to the company. The experts from Ericsson also 

mentions that this demands trust from the customer to the company, which in turn also 

demands that the quality of the product is high. The challenge of transitioning from CI to 

Continuous Deployment is not technological, it lies in the difficulty of legal and marketing 

issues. According to Jonn Lantz deployment need not be to outside customers, but can be to 

an internal customer, in Volvo’s case the testers.  

Why CI for CPS 

Speed 

All the interview subjects states that a big benefit of implementing CI is the speed. It is 

possible to run test loops faster, which translates into being able to run test loops more often. 

Jonn Lantz points out that CI might be necessary as the development of mechatronic systems 

requires faster development loops to be economically viable, also as systems becomes more 

complicated it just is not feasible to have time to test everything manually. Jan Bosch points 

out that the speed in turn allows for a faster cycle of innovation, which means that developers 

can get feedback for their designs faster and therefor design in a more informed way. 

The development can also be done more efficiently.  

If a fault is discovered in the system, backing the system means less lost work if new changes 

are integrated in small increments. To develop more efficiently means to get rid of waste in 

the process, and by removing the waste it is possible to devote funds to what actually is 

valuable. 

Quality 

All the experts indicate that increased quality of the developed systems is achieved. Jonn 

Lantz states that this follows directly from being able to perform an increasing amount of test 

loops. He also mentions that the use of CI leads to a better understanding of the system under 

development, even for software developed by third party systems. CI also exposes bugs that 

the third party developers might have missed. According to the experts from Ericsson CI 

makes it possible to build in quality early in the development process. 

Continuous Deployment 

Both Jan Bosch and experts from Ericsson states that to implement Continuous Deployment, 

fully functioning CI is a pre-requisite. According to the experts from Ericsson this is the most 

important business factor, as the industry trend shows that Continuous Deployment might go 

from being an extra feature to a basic requirement. 

Additionally 

In addition to the benefits presented above Jonn Lantz states that Continuous integration 

moves the development from being project driven to being case driven. This transition 

follows from having a stable build available for delivery at all times. He also mentions that 

reuse of the software is possible in an entirely different way compared to what is possible in 

traditional development.  
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According to the experts from Ericsson CI, spanning over many different organisations and 

products, creates traceability and transparency that is difficult to manage manually. The 

transparency is a great help for the individual developer, who has full overview of what is 

new in a product revision, what requirements have been identified, what tests have passed and 

what tests haven’t. 

Implementation of CI 

The interviews with Jan Bosch and Jonn Lantz both touched upon the subject of when CI 

should be implemented. According to Jan Bosch it is almost always better to use CI than not 

as in almost all situations getting feedback fast is better than getting feedback slowly. The 

exceptions are if the system being developed is one of a kind, if the system is safety critical 

and if the system needs to be certified. If the system is one of a kind, it might be too 

expensive to build a CI environment. If the system is highly safety critical it might demand 

extensive testing with a human in the loop, which is unfeasible to include into a CI 

environment. Certification authorities do not yet accept CI as a development method. 

According to Jonn Lantz, CI could always be used; however, the CI environment demands 

more employees and expertise.  

The sections below describe how CI has been and should be implemented according to the 

interview subjects. These are general descriptions of how Continuous integration has been 

implemented at Volvo and Ericsson respectively, and a more conceptual description of how 

CI should be implemented by Jan Bosch, based on his experience of working with companies 

implementing CI. 

Jonn Lantz – Volvo 

At Volvo CI has been well established. It started as a grass root movement, and was later 

anchored with management.  

At Volvo the development teams works in small cross functional teams, one coder, one 

requirement engineer and one tester. Before the implementation the coder and the requirement 

engineer communicate; the requirement engineer defines the low level requirement based on 

the high level requirement, which are defined by guessing what customers want. The 

implementation is done with model based development, where the code is automatically 

generated. The generated code is tested to determine that its behaviour is the same as the 

model.  The code is not otherwise inspected, as there is trust in the generated code. 

The intention of the CI machinery is that an individual developer frequently commits small 

deltas of the software. The change should then be tested from the lowest level to the highest, 

until it is stopped. After the changed code has been committed it is tested from unit level 

testing to automated integration testing, and if it passes all the tests it goes on to automatic 

MiL system integration regression tests. Automated regression tests on system integration 

level hasn’t yet been achieved, it is manual. 

The testing is done on HiL and MiL. The MiL not only models of the software and the 

hardware of the system, but also physical models of the environment. The updates of the 

model are also part of the CI-loops. At the company Jonn Lantz works at they have the 

framework for a complete MiL of their system, and therefore all the prerequisites for full CI 

exists. As the code is generated from models, and the models are used in the MiL, they are 

separated after being verified that they are identical. The model is sent to a virtual track, and 

the code is sent to a “real” track. The testing on HiL and MiL rigs are the equivalent of the 

separate integration machine used in the implementation of CI for pure software system, as 

mentioned in section 2.3. There are separate groups responsible for handling the HiL-rig and 
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the MiL-rig. There is a debate on how much of the testing should be done on MiL-rigs, and 

how much should be done HiL-rigs. Jonn Lantz believes that the testing should be pushed 

more towards MiL-rigs, as HiL-rigs are very expensive and hard to deal with.  

The software is developed in a main track with a few branches. The branches consist of 

variations of the mechanical systems, but all the variations should be held stable.  

The testing consists of unit testing, which is a bit ad hoc. The functional integration testing is 

done on Electronic Control Unit-level (ECU-Level), as most requirements are defined on 

ECU-level. The tester works model based and does tests with the ECU-unit and a plant model 

if necessary.  

After testing on ECU-level, system integration tests are done. The regression tests consist of 

drive-cases and functional tests. The functional testing also includes exploratory testing, 

which is automated. 

Functional unit testing is performed to create code coverage, that is, to make sure that the 

code is tested to an acceptable degree. Code coverage is measured, and the test reports are 

always saved. Jonn Lantz means that CI is too dangerous without sufficient code coverage. 

Effort has been taken to create traceability. There are bug tracking systems. It follows from 

the increased feedback provided by the Continuous integration environment that it is 

necessary to have a system sorting said feedback. 

At Volvo part of the documentation is automatically generated. This is to keep track of the 

system while under development. However documentation, such as the requirements for the 

system, are not automatically generated.  

The frequency of the feedback loop depends on the type of test. It can range between hours to 

days. However, the importance of receiving quick feedback varies depending on the type of 

testing. It is important on unit/ECU-level, but when it comes to hardware parts of the system 

or the physical system then it is not possible to get the test-loop time to the same level as for 

pure software systems. For mechatronical system, the number of lines of code can be a 

fraction of a complex software system, but the physics of the mechanical parts of the system 

are complicated to test, since different environments gives variations in behaviour. There is 

also no market driven incentive to get the loop time down to the levels of pure software 

testing, since no one in the market has managed it.  

Daniel Ståhl, Rickard Andersson – Ericsson 

CI is utilized varyingly throughout Ericsson. In some projects the practice of CI has been 

developed for eight to ten years and Continuous Deployment at customer site has been 

achieved, in other projects it is not used at all. The company develops software in house, as 

well as buys it from third party developers. 

The difficulty with introducing CI has mostly been in managing expectations of the change. 

Also it is easy to focus on how fast the test is, instead of focusing on what might actually be 

relevant.  

They haven’t felt that it has been necessary to convince developers to use CI. Most often 

developers want to commit software frequently, but they cannot if it is difficult. Much of the 

work with introducing CI has been on removing obstacles. For the individual developer 

Continuous integration is only beneficial, since it is possible to access the whole system at 

any point of time. However, CI makes system level testing difficult. 

There is more than one dimension to scaling the practice of CI. One is increasing the number 

of test levels, as the architecture grows. However, there is not that big difference between test 
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levels, other than an increase in cost and the difficulty to test. Another dimension is to get the 

product closer and closer to the customer; and not to put new versions of the system on the 

shelf but to run them live. 

The developers at Ericsson can follow the tests run on their software from the moment they 

commit a change in the software. They can observe what tests have passed, what tests haven’t 

passed, what tests are waiting and which products the software change is to be integrated into. 

This is appreciated by developers, as traditionally transparency in the process after a change 

has been committed has been lacking 

The aim is to automate what can be automated, and the next step is to further examine the 

possibilities with model based design and automatically generating code and documents.  

At Ericsson they stress the importance of having the right tools and the relevant framework 

available. They use open source tools, of which some are CI tools. As CI practices have been 

scaled up, more and more general cloud technology is used.  

Testing activities start after the code has been changed, first with basic testing, then early 

system tests. The steps are processing levels that are all different CI loops. The loops all 

consists of automatic regression tests.   

The company has defined testing strategies, which both includes stratification of tests, to test 

if a new source revision of the software should be included into the system, as well as 

strategies for how systems should be tested in simulations and on hardware. Between certain 

phases analysis is performed when bugs are found, to understand why the bugs were found 

during a particular phase. 

When transitioning between CI and Continuous Deployment high level tests are included in 

the testing activities. To make Continuous Deployment work, high level tests should not be 

critically stopping if bugs are found. This means that the bugs at this stage should be rare, and 

possible to fix on a case-by-case basis so that software doesn’t have to be reverted to a 

previous stage at this point. 

The test results are communicated to the developers in a number of ways, e.g. by email. The 

time of feedback to the developer depends on the type of test, and is in the magnitude of days. 

Tests that take a long time are for example memory leakage tests. The system should be in a 

stable state before running these types of tests to avoid having to back the system. However, 

there are target times for how long time it takes until feedback reaches the developers, though 

they were not specified during the interview. 

The code coverage is measured in certain projects. Also there are research projects done to 

measure the code coverage that follows certain types of testing. Statistics are kept to measure 

the time to fix bugs. This has been a useful tool to keep track of trends and if needed react to 

them 

Jan Bosch – Chalmers 

According to Jan Bosch there are four parts of testing: functional requirement, legacy 

functionality, quality requirement and edge testing. The functional requirement testing tests 

the functionality being developed; the legacy functionality testing makes sure that old 

functionality hasn’t been affected by the new development; the quality requirement testing 

consider quality aspects such as performance, robustness and reliability; the edge testing 

covers specific faults that have been encountered once, and Ericsson doesn´t want to run into 

again. 
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These four different types of tests are tested on different system levels, which are component, 

subsystem, partial products, full product and release product. Partial product is when part of 

the system is real, other parts are simulated. The release product is tested right before 

delivering to customers. There are some companies that also do tests after release after 

delivery at the customer sites. The frequency of tests can range from minutes, hours, days and 

weeks.  

He also mentions that it is possible to dynamically optimize what test cases should be run on 

which level. He has been involved in research projects on risk based testing. Risk based 

testing is to determine which test cases on which test levels are most likely to catch an error. 

The aim is to sort test cases into the test levels that actually catch errors, and run those more 

often than those tests that rarely catch errors. This is highly architecture dependant: if the 

system has a very complex and interconnected architecture, then system level testing is more 

rewarding; if the architecture is highly modularized then component testing and unit testing is 

more effective.  

The best way to implement Continuous integration is by the CIViT–model, a model for 

visualizing testing activity that Jan has been involved in creating. The model can be used to 

evaluate the current state of testing activity, and to define the desired state of testing activity. 

The model is therefore used as a tool to bridge the gap between current testing activities and 

desired testing activities. 


