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Abstract 
The NE-department at Scania develops the powertrain control system and the group NEVT is 

responsible for verification and validation of the powertrain control system in complete vehicles. The 

process of coordinating tests on complete vehicles has been investigated. The goal was to define a  system 

that facilitates the work of test coordination and that is customized to the user. Requirements were 

gathered through interviews, observations and by studying documents. 

When units are tested together on complete vehicles, several groups are forced to collaborate since tests 

are conducted on the same test vehicles. In order to optimize testing, the groups are required to adapt to 

each other’s needs, which results in a continuously changing test process. The study showed that there are 

difficulties overviewing the testing and that there is a need to collect and link data. It was also discovered 

that the acquired information needs to be more accessible and more easily shared between multiple test 

groups in order to better manage the resources. Today, data is dispersed in numerous documents that are 

scattered throughout the organization. 

A proposal that describes what the system shall enable and contribute with has been developed. It was 

stated that the future system shall be able to: 

 Perform planning and document what is conducted 

 Manage requirements and deviations 

 Show achievement of requirements 

 Link data and generate overviews of planning and test status 

By allowing all concerned actors access to the  system, data will be provided and retrieved by different 

users and offer a more transparent process. This increases the possibility of insight and the ability to make 

decisions that generate high-qualitative testing. 

The survey shows that there is a need for a system within the NE-department but also that there might be 

further stakeholders in the organization. The greatest benefit would probably be achieved if the system 

was designed for several departments in order to synchronize the test coordination. However, the 

recommendation is to make a limited pilot version to test within one department as a first step. The next 

step would be to make improvements before a more comprehensive version is implemented.   
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Sammanfattning 
Inom NE-avdelningen på Scania utvecklas drivlinan till lastbilar och bussar. Gruppen NEVT ansvarar för 

att verifiera och validera drivlinans styrsystem i helbil. Processen kring att koordinera testning i kompletta 

fordon har studerats. Målet var att definiera ett program som kan verka för att underlätta arbetet i att 

koordinera testning och som är anpassat efter användaren. I arbetet att identifiera behovet genomfördes 

intervjuer, observationer samt studier av dokument som används i processen att koordinera. 

När enheter testas tillsammans i helbil krävs det att flera grupper samarbetar för att kunna testa på samma 

fordon. För att få ut så mycket som möjligt av testningen fordras det att grupper samarbetar och anpassar 

sig efter varandras behov vilket medför en föränderlig testprocessen. Studien visade att det är svårt att ha 

en bra överblick av testningen och att det finns ett behov av att samla och sammankoppla data. Det 

framgick också att information behöver bli mer lättillgänglig och delas mellan flera instanser för att kunna 

utnyttja resurserna bättre. Idag är data fördelad i otaliga dokument utspridda inom organisationen. 

Ett förslag på ett system har tagits fram, där det beskrivs vad systemet ska göra och vad det ska bidra med. 

Det fastställdes att det, i systemet, ska gå att:  

 Utföra planering och dokumentera vad som utförs 

 Hantera krav och avvikelser 

 Se förverkligandet av krav 

 Sammankoppla data och generera överblicksbilder av planering och teststatus 

Genom att låta alla berörda få tillgång till systemet kan data tillhandahållas och inhämtas av olika 

användare och en mer transparent process möjliggörs. På så vis ökar möjligheten till insyn och därtill att ta 

beslut som bidrar till en högkvalitativ testning.  

Kartläggningen visar att det finns ett behov av ett system inom avdelningen NE, men även att det kan 

finnas fler intressenter inom Scanias organisation. Troligtvis skulle ett system som verkar för flera 

avdelningar, i syfte att samordna testkoordinering, göra störst nytta. Rekommendationen är ändå att, som 

första steg, göra en mindre pilotversion av ett system som kan testas inom en avdelning. Därmed kan 

förbättringar göras innan systemet implementeras inom flera instanser.  
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Abbreviations 
CAN Controller Area Network enables communication between different systems that are 

working together on the vehicle. 

DTC Diagnostic Trouble Code Error indicates what kind of software or hardware problem there 
is.  

ECU Electric Control Unit is an embedded system that controls one or more electrical systems in 
a vehicle. 

EEC Exhaust Emission Control system is an after-treatment system which controls the exhaust. 

EMS Engine Management System monitors the engine and regulates fuel, idle and ignition.  

FRAS Follow-up Report Administration System is a case management system in which failures and 
deviations are reported.   

FREUD Field Test Remote ECU Diagnosis is a program in which DTC and mileage of vehicles are 
logged.  

FT Field Test implies that vehicles are tested (by customers) in their everyday environment. 

GMS Gearbox Management System controls the gearbox and determines when and how to switch 
gear. 

JIRA A case management system for errors and deviations concerning software systems.   

KPI Key Performance Indicators are quantifiable measurements that are used to evaluate an 
organization or a particular activity.   

LP Long Term Test (From Swedish: Långtidsprov) implies testing on complete vehicles, 
performed internally by Scania.  

M-log A device that records data of parameters and variables generated by the engine and gear 
system.    

NE  The department of Powertrain Control System Development. 

NEV The section for Test and Tools. It is responsible for verifying and validating the powertrain 
control system.  

NEVT The group for Test Coordination and Support coordinates tests on complete vehicles and 
verifies the powertrain control system.  

OPC Opticruise is an automatic gear changing system.   

PA Test Request (From Swedish: Provanmodan) is a description of test performance. 

REST The group for System and Integration Tests. They verify the CAN-network and 
communication on complete vehicles.  

SOCOP Start of Customer Order Production indicates startup of customer order production. 

SOP Start of Production, defines time of production start.  

YDVF The group is responsible for Field Test and owner of the vehicles in the FT-fleet.  
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1 Introduction 
This chapter introduces the underlying problem and the purpose of the thesis. It covers background facts, 
aims and defined limitations.  

1.1 Client 
The master thesis was conducted at Scania within the group NEVT, Test Coordination and Support. 
NEVT is responsible for verifying and validating the powertrain control system on complete vehicles. 

1.2 Background 
Vehicle manufacturing is about more than just enabling transport. Today’s vehicles are faced with high 
demands on safety, quality, comfort and usability. To provide top performance, advanced technology 
automation is used. This requires efficient communication between different elements in the vehicle, as 
well as between vehicle and driver. Consequently, the software which allows the communication is given a 
very central role and is a key function in the development process in order to produce the best vehicles. 

Scania has been in the vehicle industry since the first decade of the twentieth century and today, they are 
one of the leading manufacturers of heavy trucks and buses. At Scania’s NE-department in Södertälje the 
software for the powertrain control system for trucks and buses is developed and tested. The powertrain 
system is the element that drives the vehicle forward. It consists of the engine, gearbox, axles and 
software. It is in Scania’s greatest interest to deliver a powertrain control system with the best 
functionality; that is adapted to the driver, can ensure traffic safety and is of highest quality. To obtain this, 
one of many activities is to test the software system in trucks and buses. This is performed both by 
external drivers and by internal Scania drivers. The results of verification and validation tests are reported 
back to the development department and compiled data is used to evaluate the quality of the software 
system. Furthermore, the test results form the base for decisions concerning state changes and product 
launching. 

Scania is using a module system to construct vehicles and all components and systems must interact to 
form a complete vehicle. To manage a module system, Scania’s development department is divided into 
segments with different responsibilities concerning tasks or development areas. In the verification and 
validation process, when modules are tested together, resources are limited and groups are therefore 
testing on same vehicles.  

To ensure that the product is correctly made, it is of importance not only to test the product, but also test 
it the right way in order to ensure that requirements are met.  

Each group knows its own test requirements and deadlines but has limited insight in test needs of other 
groups. Nevertheless, the groups must interact and coordinate to conduct the tests. As a consequence, the 
groups impact each other’s test performance and thereby affect the possibilities to meet test requirements. 
Since the process is continuously changeable, all instances must be able to adjust their testing process. It 
requires keeping track of the test requirements, knowing the test status and what is planned.  

1.3 Problem 
Today there are difficulties identifying whether requirements will be met or not and making follow-ups of 
test status requires time consuming work. The process is not transparent and it limits the dissemination of 
information. Furthermore, it may impair the outcome if a decision is based on inadequate facts. 

1.4 Goal 
The goal was to define an system that can handle information regarding requirement management and 
software testing, and that is well adapted to the working procedure at Scania. It involved creating 
documentation that describes what the system software shall do and what functions are needed. It was 
stated that the system shall intend to facilitate coordination of verifying and validating tests.  
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1.5 Assignment description 
To achieve the goal, the working procedure of software testing was studied. This was done by analyzing 
how it is ensured that software is tested based on given test requirements, how data is collected and how 
results of tests are transmitted to the development departments.  

The assignment was divided into two main stages: 

1. To examine the current test process and identify the needs of a system.  
2. Define a system and its functionality, based on the analysis, with the purpose to create 

documentation that may serve as a basis for forthcoming system implementation.  

1.6 Limitations 
 The work was limited to analyzing the procedure of field test coordination 

Long term tests on complete vehicles are managed in a very similar way as field tests. It is likely 
that test coordinators and managers of long term tests also need a similar system. 

 

 Focus lies on coordinating field tests of powertrain control system 
The requirements were defined based on the needs and desires mainly generated by the test 
coordinators and managers responsible for testing the powertrain control system. The outcome 
was adapted to the test coordinators at NEVT, although it is possible that a future system may 
have many different users. 

 

 Excluded result handling  
Handling of the outcome, in form of quality determination of tested products, was left out. A 
system, which could handle test results, would probably have to interact with several existing 
system tools used at Scania. 
 

 Only functional requirements were defined  
The client declared that functional requirements were of most interest. For example it was 
decided that it is better to define system and interface requirements once the scope of the system 
is determined.  
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2 Methodology  
This chapter aims to explain how information was gathered by different techniques and how the outcome 
was structured to serve as a basis for defining the system. Figure 1 illustrates how the work proceeded.  

 

Figure 1. Different methods have been used in purpose to create an overall knowledge, to identify 
problems and to define requirements. The steps have merged into each other 

2.1 Literature Study 
At the initial stage, literary works were studied. Focus lied on topics such as how to identify and design 
requirements, human computer interaction, as well as software development and test process. The 
literature study was complemented with Internet research.  

In addition, general information concerning Scania, Scania´s product range, vehicles, development and 
testing were studied, both through Scania´s intranet and on the Internet.  

2.2 Interviews and Meetings 
Different techniques have been used; unstructured and semi-structured interviews, focus groups and a mix 
of contextual interview and usability study. Qualitative rather than quantitative information was gathered. 
The following general method was used when conducting interviews: 

 Before each interview or meeting, preparations were made. It could include checking interviewees 
work responsibilities, reviewing material or preparing documents.  
 

 Every meeting started with a short introduction where participants were informed about the 
research and its goals. 
 

 During a session, notes were taken. Directly after each meeting, the outcome was summarized 
and notes were rewritten.  
 

 Data was analyzed after each interview session.  

The method of how to conduct interviews followed advices and techniques discussed in Research Methods in 
Human-Computer Interaction (Lazar, Feng & Hochheiser, 2010).  

Interviews were conducted throughout the whole process, from research studies to evaluating result. The 
number of interviewees was 18 and additionally the two test coordinators at NEVT were interviewed 
several times. 

Unstructured Interview 

Unstructured interviews were mainly used in an early stage of the project. The unstructured interviews 
allowed the interviewees to speak freely and focus on topics and concerns they found important. Before 
conducting an unstructured interview, a simple list of topics was made and used when the conversation 
slowed.  
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Semi-structured Interview 

At the stage when an overall definition of the problem was stated, semi-structured interviews were 
conducted. A pre-defined set of questions was prepared before each semi-structured interview. During the 
sessions, interviewees were asked to clarify and follow up on comments.  

Participating in Meetings 

The method of “experiencing life as a user” was used in the beginning of the research. Meetings were 
attended in order to analyze the planning and coordinating field tests.  

Contextual Interview and Usability Study 

A mix between contextual interview and usability study was used. For contextual interviewing the 
technique of observing the users in their own work was used; the interviewees were asked to perform 
general working tasks, instead of explaining how they do it. Usability studies offers the option to delegate 
the participant to perform a specific task or solve a specific issue in order to validate current tools, 
documents and flows (U.S. Department of Health and Human Services, 2006). These kind of interviews 
were only done with test coordinators. 

Focus group 

In focus group sessions, users were put together to promote discussion. Workshops with focus groups 
were used especially when defining what the system shall be able to do. Since it was possible to work 
closely with the client, findings were presented as the project progressed. Focus groups were also used 
when evaluating suggestions for functions and system features.  

2.3 Studying documents 
Interviews gave input of which documents were used for what and when. These documents where studied 
in detail. This method was used as a complement to interviews and often worked as preparation before a 
meeting, or were studied afterwards to better understand the outcome of an interview.  

2.4 Structuring data  
Immediately after the research was started, collected data was structured. Parallel to conducting interviews 
and studying documents, workflow of test coordinators’ duties was mapped. The working procedure was 
broken down into sub-steps and each sub-step was broken down into more precise parts. The detailed 
structure of specific working tasks was developed as well as a more overall description of the testing 

process.  

2.5 Identifying Structure of System 

A site map, with mock-up pictures, was created to determine the structure of the system in order to figure 
out the flow between pieces of functionality and how users may navigate between them. Sketching 
functions and visualizing scenarios in the system were used when defining system suggestions.  

2.6 Determining System and Functions 
As the site map and visualized scenarios took shape, requirements were determined. These requirements 
were specified based on different scenarios. Functions were defined and a proposal for the system was 
given.  
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3 Theory of Requirement 
This chapter aims to explain the purpose of requirements management. It covers gathering, defining and 
documenting requirements.  

3.1 Importance of Requirements 
One of many reasons to define requirements is to provide communication between groups of people who 
have different viewpoints. Various groups of people need to communicate to make a new product a 
success (Alexander & Stevens, 2002). A lack of requirements is the main source of errors at system 
development (Eriksson, 2011). 

The following consequences may occur if requirements are not formulated correctly (Eriksson, 2011). 

 The system is completed later than expected  

 Development and system administration costs more than planned 

 Users are less, or not, satisfied 

3.2 Classification of Requirements 
Requirements are usually separated into groups depending on what is to be stated. There are many ways of 
defining and classifying requirements. The following classification is commonly used and was devised by 
Robert Grady at the American company Hewlett-Packard, HP (Eeles, 2012): 

 Functionality  

 Usability 

 Reliability 

 Performance 

 Supportability 

+ 

 Design  

 Implementation 

 Interface 

 Physical 

Functional Requirements describe the behaviors of the system that support user goals, tasks or activities 
(Eelen, 2012). It defines the functions of a system, what a system shall accomplish.  

Non-functional Requirements are not "features" of the system, but are required characteristics. Non-
functional requirements include specific criteria that can be used to judge the operation of a system rather 
than a specific behavior. It can also be described as a restriction on the degree of freedom in providing a 
solution (Eelen, 2012). 

3.3 Stakeholders 
When trying to identify requirements, stakeholders shall be identified. A stakeholder is someone who has a 
particular interest in, or might influence, the outcome of a project.  Users are nearly always stakeholders. 
Other possible stakeholders are people who are affected by the system, for example clients and suppliers. 
Managers are most often concerned about the success of the system, so they may also be considered as 
stakeholders (Eriksson, 2011). 

3.4 Collecting Requirements 
All research methods have strengths and weaknesses. By using several different methods, it may be 
possible to reach a better understanding, compared to using only one (Lazar Feng & Hochheiser, 2010). 

There are four major ways to gather requirements (Alexander & Stevens, 2002): 

Non-functional Requirements 

Functional Requirements 
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 Interviews  
The goal of conducting interviews is to build an understanding of the needs, practices, concerns, 
preferences and attitudes of people who might interact with the future computer system. An 
interview can be extremely flexible and may, for this reason, be used in all phases of the process 
to define requirements. 

 Workshops 
In a workshop, stakeholders are brought together with the purpose to create an agreed draft of 
the user requirements. Mock-ups of computer screens can be useful to describe the process and it 
may trigger the stakeholder into talking. Workshops may open up for conclusions and reflections 
to improve requirement drafts (Alexander & Stevens, 2002) and is an inexpensive tool for 
gathering a broad range of opinions (Lazar, Feng & Hochheiser, 2010). 

 Experiencing life as a user 
To perform a user’s work tasks and to experience the user’s work is a direct way of gathering 
requirements. It helps the developer to become aware of problems and understand what have 
crippled previous solutions. 

 Studying existing documents 
The purpose is to get a deeper knowledge of documents related to each other and to understand 
the possibilities to replace some of the documents in a future system. It might be a valuable 
method used as a complement to the interviews. 

Other sources of requirements are lists of problems and suggestions, or improvements already performed 
by users. 

3.5 Defining Suggestion of System 

User stories can be documented and used as a basis when prioritizing functions of a system. It is common 
that the stories are less structured in the beginning and become more detailed as the process is 
progressing. The requirements from a user’s story are focused on the user and its perspective. It may 
generate requirements that are of importance to the client (Robertson & Robertson, 2006). 

One way to present the results and the outcome of a research is to create scenarios to explain possible 
situations and future tools. Sketching scenarios with words and illustrations may provide a way to 
exemplify situations and concepts (Saffer, 2010). 

Site maps are a way of determining the structure of a system or process. It enables figuring out how pieces 
of functionality flow into one another and how users navigate between them. In this method, it can be 
helpful to use mock-ups of computer screens to describe the process (Saffer, 2010). 

3.6 Documenting Requirements 
Documentation defines what the client wants and what a system will include; it forms an agreement 
between the client and the developer. The limitations exclude what should not be delivered and the 
documentation provides a base for further development. The following needs to be documented and 
described in detail:  

 System functions 

 In and out data of every function 

 The flow through the system 

 The flow between the system and other systems 

 How the system is related to other systems 

 Activities in the system 

 Display appearance  

 Business rules 

 Non-functional requirements 
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Requirement specification tends to be comprehensive and it may be difficult to overview the 
requirements, especially if they are many. “Use Cases” that explains scenarios can be of help in the process 
of outlining what the system shall accomplish and used to explain main flow and alternative flows 
(Eriksson, 2011). 

Traceability is important. Through the requirements the stakeholders are expressing what they want and 
need. Each design element must therefore be traceable back to the requirement of concern, in order to 
check that it is fully covered (Alexander & Stevens, 2002). 

Focus should lie on achieving a high quality of requirement specification but not trying to perfect it. When 
defining requirements, it is advisable to start with a rough set and then improve incrementally. It is advised 
to use simple sentences, avoid using big words and limit the vocabulary (Alexander & Stevens, 2002). 

3.7 Management of requirements 
The requirements management process should describe how to collect, document, prioritize, assure 
quality of, structure and manage requirements.  

There should be regulations for when requirements can be changed and when they are “frozen”. Frozen 
requirements cannot be changed during iteration. Short iterations make it possible to do many 
adjustments several times during the development process and it minimizes the risk of finding complex 
errors after delivery to client.  

It is important to continuously update the requirements and to have routines regarding how, when and 
where to make upgrades. When changing the requirements before start of production, it is important to 
have knowledge of what the changes can contribute with and to foresee consequences of the adjustments 
(Eriksson, 2011). 

The traceability contributes to understanding which parts of the system a test modification will have an 
impact on and how it will affect the result. In reverse, if requirements are to be changed, it is possible to 
look into the traceability matrix to understand which test cases that will be affected.  
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4 Scania General Technical Theory  
This chapter aims to provide general facts of terms concerning vehicle and software systems. It shall 
provide knowledge and basis to better understand what is discussed in further chapters.  

4.1 Vehicle 
A Scania vehicle is constructed using a modular system. One truck can be roughly divided into four main 
components: cab, engine, transmission and chassis. The main components may in turn be divided into 
subcomponents. Components and systems must interact, and the software system controls the behavior 
of the vehicle. For example: when you press the gas pedal, the electrical system signals the engine so the 
vehicle accelerates.  

Vehicle Hardware Configuration 

A Scania Onboard Parameter Specification file (SOPS) contains information concerning the vehicle 
configuration, and describes the “hardware specification” of the entire vehicle. The SOPS can be seen as 
the DNA-strand of a vehicle (Scania Inline, 2012). The hardware configuration of a vehicle must be 
known in order to adapt and make the software system work.  

4.2 Software System 

A software system refers to a system that controls one or several hardware devices. A system may be seen 
as one unit as well as several units working together.  

Electric Control Unit  

An Electric Control Unit (ECU) is an embedded system that controls one or more electrical systems in a 
vehicle. It reads information from sensors and receives messages from other ECUs. It controls actuators 
and switches and thereby determines the vehicle behavior. Each ECU has its own certain functionality to 
cover. The powertrain control system contains several ECUs. 

Controller Area Network  

The Controller Area Network (CAN) enables all ECUs to communicate and work together within a 
vehicle. The powertrain control system is part of the CAN-system. 

Powertrain Control System 

The Powertrain Control System refers to systems controlling engine, gearbox and after treatment. Engine 
Management System (EMS) regulates fuel, idle, ignition and other engine parameters that affect the 
functionality. Signals from sensors provide the system with input data, and enable the EMS to monitor the 
engine. The Gear Management System (GMS) controls the gearbox. By input from sensors the system 
determines when and how to switch gear. The system seeks optimal performance, with low fuel 
consumption and high shift quality. Exhaust Emission Control (EEC) is an after-treatment system, which 
controls the exhaust and ensures that emission levels do not exceed certain environmental requirements.  

System Owner 

A system owner has an overall responsibility of an entire system and is ultimately accountable for the 
functionality (Georghiou, 2012). The system owner shall ensure that development, test and management 
of an ECU-system are pursued. 

Diagnostic Trouble Code   

Diagnostic Trouble Code (DTC) is a standardized system for fault codes used in automotive engineering. 
DTCs are used to verify the readiness of software and hardware before start of production. With help 
from specialized instruments, DTCs from all systems in a vehicle can be read and stored. DTCs are also 
used to verify the powertrain control system.  
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Recording of Measurement Data  

M-log is a recording device, installed in all vehicles to control systems and to log measurement data. The 
M-log device is comparable to the “black box” in airplanes. The data provides information on how the 
driving is performed and it is especially used to investigate what happens when an error occurs. M-log data 
enables verification of the powertrain control system.  
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5 Scania’s Development Process 
Research and development at Scania (R&D) consists of a number of divisions, each responsible for a 
different part of the development. The smallest organization is called group, the next level is called 
section, followed by department. Each group is responsible for a specific task or development area. 

The Research and Development department is structured as a matrix organization and the product 
development process is pursued through projects (Larsson & Nilsson, 2008), see Figure 2.  

 

Figure 2. Development Process at Scania 

For each project deadlines are set in the form of Start of Production (SOP) and Start of Customer Orders 
Production (SOCOP). At SOP-deadline the production of the product will start and at SOCOP the 
product is manufactured to customer order. 

The product development process, and each project, consists of five phases (Larsson & Nilsson, 2008): 

1. Pre-study 
Product requirements, project definition, objectives, economic frameworks and activities are 
identified. 
 

2. Development 
Product requirements, construction and activities are stated. The needs for test vehicles are 
identified. Development tests are conducted. Decisions are made concerning SOP and SOCOP.    
 

3. Verification 
Verification tests are performed. The definitive needs for test vehicles are determined. Running of 
test vehicles is started and provides information for further development. Decisions concerning 
implementation of launching are made.   
 

4. Implementation 
In projects SOP is used to make an early start of production to ensure quality of production. The 
time between SOP and SOCOP is used to verify the production. 
 

5. Termination 
The product reaches the end customer, and service market is made available. The project is closed 
and a final report summarizes the lessons learned and how to follow up on the outcome. 
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5.1 Software Development 
The software development follows the product development process but is offset in time compared to 
hardware development. The reason for this is that certain knowledge of hardware appearance is required 
for the software to be developed. The software is developed by designing and testing in an iterative 
process, with gradual development and settlements (Larsson & Nilsson, 2008).  

In the very first stage of software development, the requirement specification is defined. This is called 
System Description (SD) and it determines what kind of software is to be produced. Requirements and 
expected functional modifications are compiled in a document definition for a specific SOP. In addition 
to the SOP-definition an iteration plan is made, which explains function modifications for each iteration. 
The development process proceeds with the SD and SOP-definition as a basis (Scania Inline, 2012). 

There are different software editions developed for each control system. An edition can consist of one or 
more development tracks and each track provides several software releases. For an SOP, a certain amount 
of releases are planned, but the number might be adjusted during the development process. 

5.2 The V-model method 
The V-model is an iterative development process intent to build one piece of the system and then make 
improvements a number of times, i.e. iterations. It is a common process when developing systems and it 
allows integration of requirement management with the system development (Eriksson, 2011).   

The V-model forms the base of the system development process at Scania, shown below in Figure 3. It 
illustrates the different steps and relationships between the development sessions and corresponding tests. 
Development and testing is performed simultaneously to establishing that requirements are met 
throughout the entire process (Scania Inline, 2012). 

 

Figure 3. Development and test process of the powertrain control system  
(Scania Inline, 2012) 

User needs and demands are identified and transformed into a set of market requirements. The top of the 
left leg in the V-model represents this stage. They are then divided into detailed sub-requirements, which 
in turn can be tested (Eriksson, 2011). 

The software is generated in the module development stage. Developers and local testing groups are 
verifying the modules. System owners and local tests groups conduct part and system tests of ECUs 
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before function tests are carried out. As the last stage in the process, the system is tested in complete 
vehicles by internal test groups and by customers (Scania Inline, 2012). 

5.3 Purpose of testing 
The purpose of executing tests consists of two different essential fractions: to ensure that the 
requirements are met, and to find problems or errors (Eriksson, 2011). 

A software program can never be faultless or perfect; there will always be errors. Testing can result in high 
cost and the optimal testing level is to stop when enough errors are found at an acceptable cost. 

There are two main reasons for testing (Eriksson, 2011): 

 To find errors as early as possible. The earlier, the less cost is required to fix the problem 

 To find errors as early as possible to ensure that actions are made to correct issues.  

5.4 Testing Stages 
There are several stages in a test, each used to estimate a different kind of requirement. The testing is 
normally divided into two sub-concepts: verification and validation. Verification is when the goal is to 
understand if the system is working correctly or if there are any flaws in the system. In a validation test the 
goal is to establish that the system, functions and features are working as desired (Eriksson 2011). 

 Unit Test 
The initial test is known by several names; component test, element test, unit test, module test 
and program test. In a unit test, mainly the functional requirements are tested. Examples of 
functions that are tested in this stage are: placement, initial variables, enabling of registration and 
saving. Usually the developers perform the tests (Eriksson 2011). At Scania, both developers and 
local test groups are performing module tests. 

 Integration Test 
In integration tests, different functions are put together in larger modules. At Scania, the system 
owner and local test groups are responsible for conducting integration tests. The purpose is to 
determine that the functions are communicating and working together. 

 System Test 
In this stage, the entire system is tested in an environment as similar to reality as possible. 
Connections to, and communication between, external and internal systems are tested. 
Administration of functions and permission to control longer flows are also tested. It is common 
that the tests are running for weeks or months. There are specific test groups that perform the 
system tests. 

 Acceptance Test 
Acceptance tests are carried out by end-users in order to test their approval of the system. At 
Scania the acceptance tests are performed internally by Scania’s own drivers and externally by 
customers. The tests performed internally are called long term tests (LP) and the external are 
called field tests (FT). The acceptance tests also include mileage. The purpose of acceptance tests 
is to test the requirements based on needs and demands as well as the overall design.  

The result of each test stage depends on how well the previous test stage was performed. Iterative testing 
can minimize the risk that extensive errors occur late in the process (Eriksson 2011). 

5.5 Verification and Validation on Complete Vehicle 
The verification and validation on a complete vehicle belongs to the acceptance test stage and includes 
long term and field tests.  

The outcome of LP and FT is derived through five different collection techniques:  

 Questionnaires handed out to drivers. 

 Customer meetings with both drivers and workshop employees. 
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 Workshops reporting deviations.  

 Recording of DTC. 

 Recording of measurement data.  

Questionnaires and meetings provide information on how the customer perceives the product, while 
reported deviations and DTC register occurrence of errors and faults. The recorded measurement data 
helps to determine what happens when an error occurs. 

Long Term Test 

The long term tests are performed internally at Scania and provide both verification and validation of data. 
A test lasts for one to two weeks; every test shall include a certain amount of driving sessions in a certain 
number of vehicles. The test is often combined with shake tests at the test track at Scania in Södertälje, or 
longer runs in ordinary traffic. The testers are experienced, and they often have a background as truck 
drivers.  

The test drivers submit completed questionnaires and the test coordinators keep close contact with 
drivers, in order to understand how the vehicles’ performance is perceived by the drivers. Scania’s service 
technicians and workshops provide information concerning the vehicle status and DTC, and measurement 
data is collected. 

Field Test 

The field test is the very last stage of the test process. Scania provides drivers with vehicles and the 
customers run the vehicles in their ordinary service. Scania can only influence the type of operation and 
choose site of customer companies (Scania Inline YDVF 2012). Field tests intend to collect end-user 
opinions on functions, features and quality. They also provide an indication of how support functions 
work on the aftermarket.  

If the method of the V-model would be strictly followed, field tests would mainly imply validation. 
However, extensive verification is still made at this point. Weaknesses found in the software are used as a 
basis when developing new software and the test process starts over again. If there are extensive issues in 
a system, SOP may be delayed or sale of vehicles might not start as planned.  

Field tests can be seen as a verification of previously performed tests at Scania (Scania Inline YDVF 2012) 
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6 Responsibilities within the Organization 
The Research and Development (R&D) department at Scania is divided into segments, each responsible 
for different development areas. There are three main divisions at Scania in Södertälje: 

 N, Powertrain Development  

 R,  Truck, Cab and Bus Chassis Development  

 Y,  Vehicle Definition 

Each division has its own departments, sections and groups. In this chapter, bodies relevant for the test 
process will be described.  

6.1 YDVF – Field Test  
The group YDVF belongs to the department YD, Technical Product Planning and Vehicle Validation. 
This group is the “owner” of the field test fleet and manages the field tests (Scania Inline, 2012). It is 
YDVFs task to validate that the customer is satisfied with the vehicles sold by Scania (Roggenbuck, 2012). 

YDVF validates complete vehicles, while several other departments are testing their components and 
systems on the same vehicles. Groups must coordinate their testing in order to use the test resources as 
efficient as possible. YVDF is responsible for managing updates of vehicles in field tests.  

When a component or system needs to be replaced or updated, the task is mainly performed by employees 
at YDVF (Riggo, 2012). However, it is common that engineers from other testing groups also conduct 
updates. At the same time as an update is executed, a customer meeting is held in order to gather 
information of vehicle performance. 

The testing departments provide YDVF with requests on vehicle configurations. YDVF must see to 
multiple groups’ requirements and test needs and determine what kind of vehicles to build for future field 
tests. It takes around one year from the day a decision is made to the day a specific test vehicle is entirely 
built (Scania Inline, 2012). 

Finding drivers for the test vehicles is another task which is undertaken YDVF. The group also maintains 
and cares for the contact with workshops and drivers and collect opinions from clients (Riggo, 2012).  

6.2 REST – System and Integration Test  
The group REST belongs to the department RE, System Development. REST develops software and 
control systems for complete vehicles and fleet management. The organization verifies electrical and 
control systems architecture.  

Their main task is to verify and validate the CAN-network in order to establish that all ECUs can 
communicate and work together.  

REST is responsible for fulfilling the requirements of field tests. They are also supposed to ensure that the 
test starts, to make follow-ups and collect outcome in form of DTC, measurement data and failure reports 
from drivers and workshops. Furthermore is REST responsible of the internal RE vehicle fleet (Scania 
Inline, 2012). 
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6.3 NE – Powertrain Control System Development 
NE is a department within N, Powertrain Development, see Figure 4. NE itself is divided into sections 
and groups. The group NEVT, Test Coordination and Support, is responsible for the verification and 
validation of the powertrain control system. 

 

Figure 4. A fragment of the organization chart of the Powertrain Development segment. 

The NE-department’s goal is to deliver the powertrain control system and within their responsibility lies 
the task to develop and test the system in order to ensure the required quality. There are several groups 
working with the powertrain control system and each has its own area of responsibility in relation to the 
complete process.   

NES – System Software 

The section NES belongs to the NE-department and deliver basic software to the engine and complete 
software for the gearbox. NES is responsible for the process of determining SOP-definition and iteration 
plans along with how and when features are to be implemented. Besides defining SOP, NES provide a 
range of documents and specifications related to the system ownership of EMS and GMS. This work 
includes the development of requirements for verification and validation of complete vehicles. 

NES is participating in a formal decision-making forum concerning changes in (and deviations from) the 
SOP-definition. 

NEV – Test and Tools 

NEV is another section under the department NE, which is divided into three groups: NEVS, NEVE and 
NEVT. Their task is to verify and validate the powertrain control systems. NEV is responsible for 
fulfilling test requirements provided by NES, and preparation of test plans for LP and FT. The plans 
include what to test, how and for how long (Larsson & Nilsson 2002).  

NEVS, System Tests, verify the software created by NES by following certain verification steps. Their 
responsibilities include coordinating tests at system level, developing test cases and test systems. 

NEVE, ECU Support Tools, develops and administrates support tools (for example calibration tool for 
engines) that NE requires in the process of developing control systems.   

Test Leaders 

Within the groups NEVS and NEVE there are test leaders responsible for the testing of systems. The 
areas of responsibility are divided between the test leaders based on the different engine and gear systems. 

Test Leaders are responsible for test development and test coordination. A test leader defines and updates 
the overall test plan. They focus on a fully functional testing process and ensure that the testing is 
performed as determined. Test leaders have close contact with test coordinators to continuously exchange 
information about requirements, how the testing is going and results. Moreover, the test leader conveys 
the outcome and result of the tests. 
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NEVT – Test Coordination and Support 

NEVT’s main goal is to verify and validate the powertrain control system, which contains systems for 
engine and gearbox management. The group is also responsible for the internal NE vehicle fleet. The 
service technicians within NEVT build cabling necessary for the control unit and they can also perform 
software updates on vehicles. 

The test engineers at NEVT conduct function, safety and comprehensive tests on complete vehicles. Long 
term tests and field tests on the powertrain control system are coordinated by NEVT´s test coordinators 
and NEVT also provide support for GMS and EMS software systems. 

Test Coordinator 

It is a test coordinator’s responsibility to ensure that test requirements are fulfilled. The test coordinator is 
planning and coordinating software updates as well as make follow-ups of how the testing goes. If more 
resources are needed the test coordinator conveys the information to test leaders and decision makers. 

A coordinator’s work is focused on finding good solutions and not only sees to the group’s own testing 
but also synchronizes tests with other instances and groups. The tasks also include keeping track of what 
needs to be done when, understanding the current testing situation and foreseeing the consequences of 
delays and changes. Furthermore it is important for the coordinator to communicate and distribute the 
status of tests.   

6.4 Coordination of Testing at NE 

Test Plan 

Test planning involves determining when, where and how the powertrain control system will be verified 
and validated. The test plan concerning verification and validation of the system is based on the SOP-
definition.  

The test plan describes who should conduct the tests and includes requests on how long or how much 
testing is required. It forms a base for test coordination as well as for test planning as the test process 
progresses. The test leader is responsible for both creating and updating the test plan. During the test 
coordination, vehicles are booked and a test request (from Swedish: Provanmodan, PA) is issued in which 
the test is described. Test coordination is a task that belongs to NEVT. 

Test Coordination 

As mentioned before, it is NEVT’s responsibility to implement requirements of field tests and long term 
tests. This project was focused on studying how field tests on the powertrain control system were 
coordinated. The coordination process of long-term tests was excluded.   

The field tests are managed by the test coordinators at NEVT. Their responsibilities are to:  

 Gather test requirements 

 Identify the required vehicles 

 Schedule when to update vehicles (and determine who will perform the update) 

 Coordinate and synchronize the tests with other departments  

 Continuously establish test performance  

 Identify deviations from test plan 

 Report the identified deviations 

 Verify and validate the powertrain control system 

An overall description of the process of coordinating field tests is illustrated below in Figure 5. It provides 
a rough indication of what is performed and in which order.  
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Figure 5. Process map of FT-coordination 

1. Overall Test Plan 

 The overall test plan is studied 

 It is identified which software that is planned to be developed and which software edition 
that belongs to which SOP 

 It is also identified how many versions that are planned to be released and on which level; 
the number of development editions and the number of production editions. 

 
2. Requirement Management 

 The requirements are provided by groups within NE 

 Requirements are compiled and matched to use as few vehicles as possible for testing 

 Test cases are identified; duration, environment and a rough time schedule is stated  

 A specification of the vehicles required is created and a test request, PA, is sent to YDVF 

 If the requirements cannot be met, it is conveyed to test leaders and persons in charge.  
 

3. Detailed Test Plan 

 The specification of vehicles is either confirmed or in need of adjustment and:  

 A more detailed plan is then created  

 In the update plan the software edition is scheduled as well who will execute the update 

 Verification of the M-log is also scheduled in the update plan  
 

4. Test Performance 

 It is ensured that vehicles are updated in time and:  

 If there is any delay action must be taken and adjustment of the test plan might be 
required  

 Arrange so that the test results can be gathered. 
 

5. Follow-up 

 It is investigated whether the tests were conducted and: 

 Deviations and delays are identified  

 Information of test performance is sent back to the test leader  

 Persons in charge of systems, project leaders or other stakeholders may ask for a report 
on status mode and the results from the test sessions.  

 
6. Report Result 

 The results of testing are gathered and compiled  

 It is declared whether the test was conducted as intended and if the results are reliable  

 It is clarified what was satisfying with the tested software system and weaknesses are 
pointed out. 

An activity map with a more detailed description of the tasks included in the process is presented in 
Appendix 1. In the activity map the process is broken down into steps and boundaries between activities 
are shown.  

Test Requirements 

The test requirements define the specific attributes of vehicle configuration that need to be tested: for 
example, a particular engine, gearbox, brake system or if the vehicle will have an automatic or manual 
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transmission. In a test requirement user factors are also stated. These user factors may define gross train 
weight (GTW), stop frequency or climate settings, to name a few.  

The test requirement is documented in a program called JIRA, an Issue Tracking Tool, which is a software 
used for trouble reports and change requests made during software development (Scania Inline JIRA 
2012). It is a case management system for errors and deviations concerning software systems.  

The requirements are collected and then combined into as many requirements as possible on the same 
vehicles in a matrix, see Appendix 2 for an example.  
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7 Analysis of Survey 
When testing on complete vehicles, several groups must interact and coordinate their tests, since they are 
performed on the same vehicles. It is necessary to test components and systems together. In order to 
combine the modules into one product, it is required that the groups not only see to their own needs, but 
also take the needs of other groups into account. Since resources are limited, testing groups must adapt to 
each other’s needs to find the best solutions. As a consequence, changes occur and test plans must be 
updated continuously, and often must deviations be made.  

The test coordinators shall make sure the test requirements are implemented, and it is their responsibility 
to synchronize and coordinate other groups. It is also important that decision makers have insight into the 
process and possess great knowledge of the test performance. If a decision is based on inadequate facts it 
may impact the quality of the outcome, which results in unnecessarily high costs. The test coordinators 
convey how to achieve the test requirements and what is conducted to test leaders and people in charge. It 
is not the test coordinators’ responsibility to make any decisions concerning resources and testing; their 
task is to ensure that the requested testing is performed.  

Since the process is continuously changeable, it is necessary to keep track of the test requirements to 
constantly know the test status and what is planned next. In the current situation, this requires an effort 
from all parts to always stay informed and updated on the latest test status. There are difficulties 
identifying whether requirements will be met or not. To make follow-ups of test status is time consuming. 
The process is not transparent and it limits the dissemination of information, which may impair the 
outcome. 

7.1 Identified Problem Areas 

Keep Track of Updates and Deadlines 

There are numerous vehicles running field tests, and depending on SOP and which project they belong to 
they are updated with different software editions. For each edition there are several releases that imply that 
during the time a vehicle is running in a test, it is updated several times. Before the test is started, the 
amount of updates is estimated, but while the test is running it may be adjusted.  

When following up and summarizing the tests, the coordinators must know when a vehicle was updated 
and with which edition. This information is important in order to be able to evaluate the test result. One 
test coordinator (Axelsson, 2012) states that there are many vehicles and updates, which makes it difficult 
to keep track of when the vehicles are updated. 

Since the software development undergoes many steps it is possible that the process is already delayed 
when it is time to start the field test, which reduces the ability to meet the requirements. The same 
coordinator (Axelsson, 2012) gives an example of a scenario:  

Sometimes the process is delayed when the test leader provides start date of field test. Other 
test sessions must be conducted before a field test can start. Furthermore, there are many 
deadlines, which make it difficult to understand the degree of delay in the process. 

Sharing Information  

As mentioned before, groups tend foremost to their own testing, and as it is today the process is not 
designed to provide good opportunities for communicating test plans and performance between the 
groups. Sometimes, a test group makes changes to a vehicle without informing other test groups. The 
result is that valuable testing time is wasted. Axelsson gives an example:  

NEVT is testing a system on a vehicle that REST is testing on as well. REST makes a 
decision to change something that they are testing, but they do not inform NEVT. It might 
take weeks before the information concerning the change reaches NEVT. If there was a tool, 
in which REST could have registered the changes, and a function that alerted NEVT that 
changes had been made, this could have been avoided. As a suggestion, you could connect 
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your e-mail address to a vehicle and thereby get notifications through e-mail, revealing 
changes (Axelsson, 2012).  

Following this, it was discussed if it should be possible to “limit” the testing on a vehicle so that new 
updates do not interfere with a test already in progress. A suggestion was to enable marking of what is not 
allowed to change in the vehicle configuration. For example, marking that no changes of the engine are 
allowed, with the explanation that a test of the engine system is in progress, and thereby informing other 
test groups.  

Requirement Management 

From the investigation, it appeared that there was a consistent desire and a need to improve the 
requirement management. The section manager at NEV (Bertmar, 2012) declared that there is a current 
problem in handling requirements, and collecting them in one place. Also, test coordinators and test 
leaders affirmed that the process has to be improved to ensure compliance of requirements.  

System owners, test leaders and section managers all wish to identify whether requirements can be met or 
not in an earlier stage. The section manager believes that in this way, NE may be able to detect deviations 
or be able to investigate if more resources need to be mobilized (Bertmar, 2012). 

It is often difficult to meet all requirements. The testing is adapted as good as possible to given 
requirements. The earlier it is known that any requirement will not be met, the easier it is to act and find 
solutions.  

One test coordinator wants to make the testing process and planning more transparent and to enable 
better insight into what is planned and performed for others than just test coordinators (Bemler, 2012). 
This was a common viewpoint of the interviewees. For example, the dialog between test leaders and test 
coordinators is not “available”. Bertmar, a section manager, would like to “open it up” to reduce 
misunderstandings and allow highlighting of test plans for others concerned.  

Relation of Requirements 

Requirements are related to each other, but today there is no good option to present an overview of the 
relationships. Both test leaders and coordinators express that they need to know which requirements are 
connected to which SOP and project. Also, a system owner, means that a tool to keep better track of 
vehicles connected to specific SOP is required (Georghiou, 2012).  

Generating overviews of SOP:s and projects would facilitate the understanding of test performance. 
Today, Excel is used to handle requirements, and it is time consuming to create and maintain current 
overviews. The test coordinator (Bemler, 2012) emphasizes that it would be useful to have a tool that can 
connect SOP, requirement, deviation, vehicle, project, software, deadline and test duration. 

Identifying Test Status 

Before release meetings, test leaders often ask for information of how the testing proceeds. Today, the test 
coordinators compile the information manually to create quality reports. One test leader (Ahlberg, 2012) 
thinks it would be useful to more easily generate a quality report at these occasions.  

Sometimes, the test coordinators are asked for the test status. The test coordinators may give a general 
status report, but occasionally manual work is required to supply a decorous test status. The test leaders 
(Ahlberg and Ålin, 2012) agree it would be of advantage if the test leader were to have access to check the 
test status. Additionally, one of the test leaders (Darbom, 2012) indicates that follow-ups of tests could be 
helpful in order to understand if action is needed to maintain satisfying tests. 

The study showed that there is a need of having an overall picture of the situation throughout the whole 
test period. This was stated by several interviewees, and system owner (Georghiou, 2012) also believes it 
might be valuable to have continuous progress reviews.  

Documentation of Process 

Questions often arise concerning why something has been performed in a certain way. For example; why 
was a specific requirement not tested? What was the reason for the deviation?  
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When test coordinators receive questions regarding test performance, they are expected to know the 
answer. Occasionally, the test coordinators need to investigate and return later with an answer. It is not 
always easy to find the documentation that reveals the reason for an action. In the current situation, the 
information is spread out over several documents, and a decision may also be forwarded in an e-mail.  

The three test leaders claim that it is important to clarify when there is a deviation and to document the 
reason for it. Furthermore, the test leader (Ahlberg, 2012) declares that the traceability of deviations is 
important. The test coordinators state that there is a need for connecting deviations to the test 
requirements, and to always be able to see what was stated from the beginning and what was performed.  

When reporting a result it is of highest interest to know what was actually conducted, and to have access 
to good documentation describing it (Ålin, 2012). To be able to judge the quality of the test outcome, 
information of what has been tested and how must be available. Therefore, it is important to always 
document what is performed. It appeared that the documentation of the field tests might be improved; 
today, much of the information is spread out through several documents, and the routines of 
documentation differ depending on who is reporting.  

Determine Quality of the Testing 

With good documentation follows the possibility to generate statistical data and determine Key 
Performance Indicators (KPI). KPI are quantifiable measurements that reflect success factors in an 
organization. These indicators might help to reveal what can be improved in the test process. If KPI could 
be generated more easily, it would help to understand what activity could be improved. It should be easier 
to generate statistics of the testing (Larsson, 2012). Statistical data would be useful in order to understand 
the performance of the testing during a long-term period.  

Summary 

As mentioned, it is valuable to have a process that is available for various parts within the organization. If 
the possibilities to understand other groups’ requirements and deadlines would increase, it might result in 
a more effective process. From this research, it appeared that a more transparent test process is favorable. 

For NE, there may be great advantages in having a more transparent process. If people of concern within 
the NE-department would have better insight in the process, it might increase their possibility to 
understand test performance.  

7.2 Requirement Management with Excel 
Much of the requirement handling and planning today is conducted in Excel. The following issues 
appeared as cause of using Excel:   

 The information is spread out across several documents or simply kept in the head of test 

coordinators. 

 The requirements are related to each other, but it is difficult to show where they belong and how 

they are connected. 

 Access to the information is limited. It is difficult to get insight into a process that someone else 

is managing. 

 No functions allow control and approval of requirements or the making of deviations. 

 It is difficult and time consuming to create overviews and test status. 

 The ability to compare what was planned and what was conducted is limited. 

Many of the disadvantages identified when studying the process of test field coordination are also 
discussed by Eriksson (Eriksson, 2012), expert within the requirement management and testing 
(Konsultbolag1, 2012). Several of the issues found in this study has been pointed out by Eriksson as very 
significant when using Word or Excel in requirement management. 

Furthermore, Eriksson means that Word and Excel are common tools for requirement management, but 
the problem is that these tools are not created for requirement management. Eriksson indicates that the 
tools do not have any specialized functions for handling requirements (Eriksson, 2012). Consequently, it 
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takes a long time to administer the requirements, something that was also stated in the survey of this 
project. 

The survey conducted here recurrently stated the importance of making the documents available, which is 
another aspect that Eriksson is discussing. Eriksson concludes that different employees, groups, projects, 
departments, networks and offices that are separated geographically need access to the requirements, but 
that Word and Excel do not have any “sharing system” (Eriksson, 2012). 
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8 What the system shall contribute with 
The study showed that there is a need for a system that collects data in one place. A system that can serve 
as a tool and support the work of scheduling and keeping track of updates, making compilations and 
generating overviews; thereby increasing the understanding of test status and requirement fulfillment. It is 
necessary to collect and link data in one system to provide the requested information.  

There is a need for improvement in the process of planning, following-up and defining what is conducted. 
From the research, it was concluded that a tool should be designed to help conducting the following 
activities:   

  Collect requirements 
What is planned? What are the requirements? When is the test scheduled? How are 
requirements related? What requirements are connected to which SOP and project? 

 

  Meet requirements 
Are resources allocated to fulfill the requirements? Does the plan ensure fulfillment of 
requirements? What needs to be flagged as critical?  
 

  Schedule updates 
When are software updates planned? Are there several updates? Is it possible to 
synchronize the update occasions? Are preparations made for executing the update? Which 
software edition shall be tested? Is it available? 
 

  Make follow-ups 
Did the test start? Is the test running as planned? Does the plan ensure achievement of 
requirements? Are there any delays? Does the test plan need any adjustments? Are 
deviations required? 
 

  Identify what was conducted  
Are requirements met? Are there any requirements that are not fulfilled? What is the 
reason for uncompleted requirements? Was the test conducted as planned? Was any 
deviation made? When were software updates executed? What software was updated in 
which vehicle? 

 
By collecting all data in one system and by allowing access to it for all concerned instances, the 
information would be continuously available. Additionally the system needs to be designed so that the 
process is transparent and understandable for several users.  
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9 Stakeholders 
The identified stakeholders are divided into three groups; content provider, content retriever and 
administrator, see Figure 6. Content providers are people who provide and maintain data in the system. 
Content retrievers are people who have interest in the content stored in the system and would like to read, 
create overviews of, search for and export data. Test coordinator and M-log manager might be seen as 
both content provider and retriever since they supply input in form of requirements, deviations, what is 
planned and conducted but also have interest in the outcome. Thus, it is mainly the test coordinator that 
will provide the system with input data.  

 

Figure 6. Stakeholders divided into groups 
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10  Suggestion of System 
In this chapter, suggestions for structure and functions are described. Visualizations were made with 
purpose to explain what the program aims to achieve, and not to determine design or interface.  

10.1 Structure of the System 
The suggested concept is customized to help the test coordinators with activities that were identified as 
unnecessarily time consuming and difficult to perform in Excel. It shall enable all concerned actors to 
view what is planned and what is performed for the testing. While creating the concept, the test 
coordinators’ viewpoints were set primarily, though opinions of all interviewees were considered.  

Here is a summary of how the system may be structured in general terms and what it should enable: 

 Create requirements 

 Link requirements to SOP, project, vehicle and system 

 Manage fulfillment of requirement 

 Display schedule updates 

 Display operating period of software  

 Create overviews of update plan and test status 

 Provide a search function 

 Create statistic data 

The input data is provided by the user. In the system, shall the user be able to add requirement with 
related information. The system shall allow the user to schedule upcoming updates of vehicles as well as 
registering executed updates, this is illustrated by the left hand side in Figure 7. The input provides the 
system with a basis to generate overviews, update plan, information of requirement achievement and test 
status. The system shall connect data and the outcome shall provide user with information of the test 
situation, see right hand side in Figure 7.      

 

Figure 7. In- and output of the system 
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10.2 User 
The system shall be able to manage two kinds of users, power users and guest users, who are permitted 
different levels to edit, as displayed in Figure 8. To provide or change data, users must have a power user 
account. Guest users are allowed to view, search, screen, generate overviews and export data. There might 
be multiple power and guest users, and several users shall be able to work in the system at the same time.   

 

Figure 8. The system shall enable two kinds of users 

The power user is a user that provides information to the system. The stakeholders identified as content 
providers are test coordinators and M-log managers. Therefore may test coordinators and M-log managers 
be seen as power users. Content retrievers is only in need of a guest user account.  
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11 Suggestion of System Functions 
The functions describe what the system shall be able to perform. The images presented in this chapter 
serve to explain what the system shall do, and not how to perform a particular activity.  

11.1 Create Requirement  
The system shall enable creation of requirements. Once the power user decides to create a new 
requirement, the system shall provide a unique requirement ID. The power user may add information 
regarding test duration, dates for start and end of test. The system shall allow the power user to connect 
objects to the requirement. Objects are defined as SOP, project, vehicle, system and Jira-number. It shall 
also be able to register what user factors and vehicle configuration that are determined for the particular 
requirement, see Figure 9. Some examples of user factors are traffic condition, weight and climate zones. 
Vehicle configuration can be demands of what kind of engine, gearbox or brake system the vehicle must 
have. Examples of requirements are presented in Appendix 2.  

 

Figure 9. Elements that the power user shall be able to add to a requirement 
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11.2 Schedule Requirement 
Once a power user has created a requirement with related data, for example test duration and deadline, the 
system shall be able to visualize what is provided, see Figure 10. The system shall contribute with an 
overview comparable to a calendar; it shall present a schedule for the test duration for the requirement. 

 

Figure 10. Input of requirement data allows the system to visualize a schedule 

11.3 Connect Data 
The system shall allow linking of data by connecting requirements and objects, see Figure 11. SOP, project 
and system (EMS / GMS / EEC) are mandatory which implies that the power user must add information 
of these objects when creating a requirement. Vehicle and Jira-number may be labeled, but is not 
compulsory. The user, both guest and power, shall be to screen data based on objects belonging. For 
example shall the user be able to screen in lists and overviews, and thereby show only information of 
interest. For example, the system may allow the user to create an overview that shows requirements only 
for the engine control system (EMS) and for a particular project. 

 

Figure 11. By connecting objects to requirements, the system shall be able to group and screen data based 
on relationships.  
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11.4 Allocation of Resources 
If a guest or power user wants to view which requirements that belong to a particular project, the user 
may simply enter the title of a project and the system shall enable creation of an overview. It may display 
an overview of all requirements that are determined for the particular project. An example of this is 
presented in Figure 12. For each requirement, the ID shall be visible. In the calendar, the user should be 
able to view the stated test duration and when the start and end times are defined. 

The view shall furthermore inform the user if resources are allocated. Once the test coordinator knows 
which vehicle that shall run the test, this shall be able to register in the system. It implies that for each 
requirement, the power user shall be able to tag a name of a vehicle, see right hand column in Figure 12. If 
a vehicle is connected to a requirement, the system shall highlight that a resource is allocated to meet 
requirement. If the test coordinator knows that there is no vehicle available that can meet a requirement, 
the coordinator may, as a power user, register it and the system shall highlight the condition. This has 
been illustrated by the orange sign “no available” in Figure 12. The default mode is defined to “not yet 
processed” and the system shall display this status as long as nothing else has been defined by the power 
user. The guest user may only view the status and is not allowed to define whether there are vehicles 
available or not.   

 

Figure 12. Overview of project, connected requirements and allocation of resources 

Any user shall be able to generate an overview for both projects and SOP:s. The requirement relations, 
based on objects connections, make it possible to screen the view and thereby enable the user to display 
only relevant information. For example can the user choose to show only requirements defined for GMS.  

11.5 Requirements Connected to Vehicle  
A vehicle may have conditions to meet several requirements. The test coordinator is matching 
requirements with vehicles. A vehicle may be assigned an unlimited number of requirements as long as 
they do not contradict each other. For example, it is possible to add two requirements that do not affect 
each other. One requirement may be to drive a vehicle with a particular engine in cold climate. The other 
requirement may be a certain level of stop frequency for a vehicle with the same type of engine. These two 
requirements may be connected to the same vehicle. If it would be requirements with different test 
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demands of the engine, they cannot be added to the same vehicle. This implies that the power user may 
connect several requirements to the same vehicle, as long as they do not contradict each other.  

The system shall allow both power and guest user to see which requirements that are connected to which 
vehicle, see Figure 13. The system shall show earliest and latest start as well as earliest possible end and 
deadline of test. Stated test duration shall also be visible. Furthermore, the test demands regarding vehicle 
configuration and user factors shall be noticeable. In this way, the system may provide information of 
what is planned for testing or what is already running in a test. It shall also be possible to add comments 
to a specific vehicle or requirement.  

 

Figure 13. A vehicle and its connected requirements   

11.6 Update Plan 
Once a vehicle is registered in the system, the vehicle shall be available in the update plan, see Figure 14. 
The system shall, in the update plan, arrange the vehicles in chronological order based on test in progress 
and date for next upcoming update occasion. 

The power user shall be able to schedule dates for software update and which engineer the software 
update will be executed by. Moreover, it shall be able to assign what SW-edition is planned for test and if 
M-log is updated and verified. This feature shall provide the test coordinator and M-log manager a tool to 
schedule and follow up when a vehicle shall be updated with a new software.   
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Figure 14. Input data to the update plan 

Figure 15 illustrates an example of the update plan. For each system (for example EMS and GMS), it shall 
be possible to enter information regarding updates and the system shall allow the power user to define if: 

 it is preliminarily decided or approved who is going to execute the update 

 software is preliminary, approved, available or delayed 

 update occasion is preliminary, approved, executed or delayed 

 M-log is prepared, updated or verified. 

 

Figure 15. The system shall be able to schedule updates 

The system shall display the status of entered data, for example, if the power user has marked the status as 

preliminary or approved. In Figure 15, status of update occasion is illustrated by colors. Yellow means 

preliminary occasion for update, blue that the date of update is approved, green that the update is 

executed and orange that the action is delayed. The power user may schedule a specific date (spot) as well 

as mark a whole week (rectangle) for update occasion. The system shall enable to schedule both week and 

specific date since it is common that a rough planning is made first, and when the update is in the 

immediate future it is determined to a certain date. It is important that the system shall alert the user of 

what is planned, was it executed and if the plan is not followed.  
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11.7 Document Use of Software 
When the power user registers an update occasion as executed, the system shall ask the power user for 
which requirements the update concerns. The system shall show a view that reveals all requirements 
connected to the particular vehicle and system. In this view, it shall be possible to mark which 
requirement the software edition concerns.  

Example:  

Vehicle Blue in the update plan, Figure 15, is running test for both EMS and GMS. The power user has, 
for EMS, provided a number of the SW-edition, 11.22.33. The power user marks the update occasion as 
executed with a green bullet in the update plan. The system, then shows a view with requirements 
connected to vehicle Blue and system EMS, see Figure 16.    

The power user shall be able to define which requirements are concerned by the update. In this example, 
the SW-edition 11.22.33 concerns only one requirement, EMS1502-1. Once the power user has added the 
software, the system registers it. This activity implies that the software is linked to both requirement and 
vehicle. 

 

Figure 16. Connecting software to vehicle and requirement 

Since new versions are released continuously, the software is normally updated several times during a test 
period, see Figure 17. The power user performs the same procedure as described in the example, but the 
software now has a new release number. There may be several requirements connected to one vehicle and 
the software may be connected to all requirements at once.  

 

Figure 17. The software is connected to two requirements 

With software registered, the system shall be able to show which software is tested when and on which 
vehicle. Figure 18 shows how it could be presented once several of vehicles have been running in a test 
for a period of time. The system shall allow both power and guest user to select a specific software 
edition. Once a specific software is selected the system shall show its including releases and in which 
vehicles it has been operating in, and during which period. Furthermore, the system will provide data of 
total duration of test and the number of vehicles that have been driving with a particular software.   
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Figure 18. Overview of software edition 
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11.8 Start Test Session 
Once a power user registers an update as executed it shall be possible to “start” a requirement by marking 
a test period as started, see Figure 19. Notice that it is not necessary to start a test every time an update is 
executed, some updates represents new release of the same software and it do not imply that a new test is 
started. However, when a test is started, the system shall start the countdown of the test duration. 

 

Figure 19. Once a requirement is started the countdown of the test duration starts 

11.9 Follow-up of Requirement  
The system shall enable power and guest user to view test status and control fulfillment of requirements, 
see Figure 20. It shall be possible to view test status for a specific requirement as well as several 
requirements. For example, the system shall be able to provide test status of all requirements linked to a 
vehicle, project or SOP.  

 

Figure 20. Test status showing fulfillment of requirement 
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11.10 Delay 
If a power user has not started a test before the date of scheduled “latest start”, the system shall highlight 
it as a delay and that the requirement will not be met, see Figure 21. When a delay occurs, the power user 
shall be able to add comments to requirements of concern.  

 

Figure 21. Test has not been started. The system shall highlight that the requirement will not be met 

Figure 22 illustrates when a there is a delayed start and when the test has been running for a period. The 
period that is green illustrates the passing of runtime while the orange part illustrates what is left and that 
the demand of the test duration will not be met before deadline.  

 

Figure 22. Test status - the system shall alert the user if a requirement will not be met 

11.11 Stop and Start of Vehicle 
Since test vehicles sometimes need to be rebuilt, repaired or updated with new components, the vehicle 
must sometimes be located in a workshop for a period of time. For this reason, a function for pausing a 
test is needed, as well as the ability to register stop and start of a vehicle, see Figure 23 and 24. The system 
shall allow the power user to stop and start a vehicle, and thereby update all requirements connected to 
that vehicle to the same status. Once a stop is registered, the system shall calculate when the test must 
start again to fulfill the requirement, see Figure 23.  
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Figure 23. The system shall allow stopping of a test 

If the current date passes the new calculated date of latest start, the system shall highlight the concerned 
requirements to show that they will not be fulfilled. Furthermore, it shall be possible to start a vehicle 
again, see Figure 24. 

 

Figure 24. The system shall enable the user to log stop and start of vehicle 

11.12 Overview Test Status 
In the system, power and guest user shall be able to generate overviews that reveal test status. Figure 25 
shows an overview of requirements connected to a particular SOP. The overview shall provide 
requirement ID, alert the user if a requirement will be met or not and if any comments are made. 
Furthermore, it shall be possible to screen data in the overview, for example to exclude EMS requirements 
and only show GMS requirements.   
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Figure 25. Overview of test status of all requirements connected to an SOP 

The user shall be able to select which data to reveal in an overview. The user may, for example, choose to 
view projects with connected vehicles but the system shall also allow the user to make combinations of: 

 Requirement 

 SOP 

 Project 

 System 

 Vehicle 

 SW-edition 

11.13 Deviation Management 
Once there is a requirement that will not be met, it shall be possible to report a deviation. Figure 26 shows 
a requirement that will not be fulfilled. The system shall allow the power user to open the requirement and 
create a deviation from it. When the power user selects to create a deviation, the system shall copy the 
information from the original requirement and provide a new one, with a new unique ID. The ID of the 
deviation must correspond to the original requirement ID. In the new requirement (deviation) that is 
generated by the system, the power user shall be able to change either test duration or deadline. Thereby 
may the power user approve what is actually conducted in the testing. Once a new test duration or 
deadline is approved by the power user, the system shall not highlight the requirement anymore and the 
orange color that indicates a critical status is removed, see lower image in Figure 26.   

However, when a deviation is made, the system shall not remove the original requirement. The system 
shall instead inactivate the original requirement and thereby it shall still be visible. A requirement and its 
deviation shall always be linked to each other. For example, if a user wants to view a deviation, the original 
requirement shall also be shown, and vice versa.   
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Figure 26. The system shall enable the user to make deviations from requirements  

11.14 Test Status of Vehicle 
Any user may view test status of a vehicle. The system shall show what requirements that are connected to 
it, how far they have proceeded in test, when the test was started and if any deviations are made. As 
shown in Figure 27, there is a deviation made from one of the EMS-requirements. The original 
requirement is faded to illustrate that it is inactive. The new requirement (EMS-1502-D1) is the one that is 
valid. This view shall enable the user to see what was requested from the beginning and what was 
performed. Furthermore, it shall reveal demands on vehicle configuration, user factors and if there are any 
comments made. 

 

Figure 27. For each vehicle shall it be possible to view the test status and test requirements 
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11.15 Statistics 
Power and guest users shall be able to generate statistic data. The system shall allow the user to select 
which data to study. The system shall provide functions for making tables, charts and plots. For example, 
the system shall be able to provide data that reveals: 

 How many updates were executed as planned for a given period of time.  

 How many requirements are met before deadline, excluding approved deviations. 

 How many deviations have been made for a project. 

 How much testing has been performed for one SOP. For example, number of vehicles and total 

test duration.  

 How many vehicles have been running test with a particular SW-edition. 

 How long a SW-edition has been tested, if all test durations are summarized. 

11.16 Search Function 
The system shall allow the user to search for: 

 SOP 

 Project 

 System 

 Vehicle 

 Jira-number 

 Requirement ID 

 Vehicle configuration (engine, gearbox, brake system etcetera) 

 User factor (GTW, climate, stop frequency) 

The system shall show information for each object with data connected to it.  
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12 Discussion 
The defined system, its functions and what was excluded is discussed here. This is follwed by a discussion 
of the work from a more general viewpoint.   

12.1 Defined System  

Functions in Program 

The description of the system defines what data a test coordinator at NEVT may provide. If the system 
would be used by several departments, additional information would be provided and together the data 
will generate a picture that describes the entire testing on complete vehicles. This is the great advantage of 
this system.  

If all requirements for testing on complete vehicle were collected in one database, it would allow for better 
conditions to synchronize and coordinate the testing. It would be possible to identify the need (the 
configuration need) for vehicles for future testing. It would also be possible to identify the configuration 
of existing vehicles and what tests are in progress for each vehicle.  

As the system is described, it states in an example that it shall be able to “tag” software to a requirement, 
and thereby the software is also connected to a vehicle. This provides information regarding the vehicles’ 
construction. If each update of hardware or software was registered in the system, it would always be 
possible to know the configuration of a vehicle.  

Update Plan 

Since Scania today is trying to synchronize as many update occasions as possible (to minimize the time 
when the vehicle is standing still), it would be a useful instrument in which the testing groups could use 
the same update plan and see when others are planning to perform updates.  

Match-making requirements 

During the process, it was made clear that there is a considerable amount of work made to match 
requirements to be able to use as few vehicles as possible in the testing. The matching of requirements 
today is performed manually in Excel documents. If all requirements would exist in one system, it would 
be possible to let a computer do the matching of requirements and define what the vehicles are needed for 
in testing. The result of the matching in the system could be used as a basis when deciding what test 
vehicles are to be built.  

An alternative is if there are existing vehicles with known configuration and there are several test 
requirements. The system may perform the matching according to what vehicles are available and thereby 
define which requirement may be tested on which vehicle.  

Exclusion of Test Result 

As the suggestion of the system is designed, it shall provide information of what is planned and 
conducted. It shall provide information of the testing but it shall not provide any information of the 
quality of the product that is verified and validated.  

From the survey it was discovered that a tool that can generate a test report would be of interest. A test 
report includes information concerning test performance as well as result of verification and validation. If 
a system would be able to generate a test report, it would have to import data from several other 
programs. How this can be solved was not investigated, but left to further work. However, it should be 
emphasized that this is an activity that could be improved with a system.  

Import Data from External Program 

Scania has an existing program that registers data concerning mileage of test vehicles, as well as which 
software version that is operating in the vehicle. It would be possible to import data from the external 
program and use in it the system. A benefit of this could be that time is saved since the user does not 
provide it manually.  
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During the project, the question arose whether the actual vehicle configuration should be accessible in the 
system or not. The process of saving and handling data concerning configuration of test vehicles is, at the 
time of writing, under development. This made it difficult to define whether vehicle configuration should 
be included in the system or not. It was stated that this should be excluded, but it would probably be 
advantageous to have access to the data of the vehicle configuration in the system. However, it appeared 
that if it would be possible to view the vehicle configuration in the system, data would have to be 
imported from other systems. Since there were a lot of uncertainties concerning the subject, it was left for 
further work.  

12.2 General Discussion 

Difficulties to Understand the Client 

In this project, the user has been in focus in order to define a user customized system. Throughout the 
process, close contact with the end-user has been possible. Nevertheless, it has occasionally been difficult 
to understand and define what the user needs. Even if the user knows what it needs, there have been 
occasions when it has been difficult to specify requirements and functions. In addition, it was necessary to 
take several users’ and stakeholders’ opinions in consideration. To be able to define functional 
requirements, it is of interest to both the developer and the user to be willing to understand, explain and 
exchange information.  

Adapted to NE-department 

The suggestion of a system has been adapted after the needs at the NE-department specifically developed 
to satisfy the need of a system to support coordinating field test at NEVT. Nevertheless, the survey 
indicates that the problems are not limited to the NE-department, but something that permeates the entire 
process of coordinating tests on complete vehicles.  

To establish the need of multiple departments, further studies would have to be made. It could be 
valuable to let other departments evaluate the suggestion of functions developed in this work and thereby 
investigate if their need is consistent with perceived issues within NE. Moreover, it could be useful in 
purpose to collect opinions for further improvements. Due to the limited time, this was not possible to 
investigate.  

System Definition 

The work was concentrated to define what is needed and does not define how it shall be obtained. For 
example, the images were created with purpose to explain what the system shall do and not how to perform 
a particular activity. It was a difficult distinction, since what and how sometimes tended to merge into each 
other.  

The purpose was that the outcome of this project should work as a basis for further development. In the 
work to define the system it was important not to focus on details. Nevertheless, it must be possible to 
understand functions and what the system shall contribute with. It has been difficult to appraise the level 
of details to find a good balance.  

From the literature study it was discovered that when defining a specification of requirements the 
developer should not strive to get it perfect. The advice was instead to evaluate the defined requirements 
repeatedly to improve them and finally reach a satisfying level to be able to start coding. The judgment is 
that the definition of the system is not perfect, but it may serve as a basis for further work and 
development of a system. It may provide the developer with a good foundation and knowledge of what 
the system shall manage.  

Advantages and Disadvantages 

A system with functions as described would come with many advantages, for instance: 

 Facilitate planning 

 Better overview 

 Easier to identify difficulties to fulfill requirements 
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 Improved documentation 

 Enables sharing of information 

 Increase possibility of insight  

 Allow data to serve as a basis for decision makers 

With the system there are also some disadvantages: 

 New interface to learn 

 Required investment for development of a new system 

 Implementation is time consuming 

To sum up: the advantages with a system outweigh the disadvantages. 

Implementation of System 

Before making a decision of development it shall be taken under consideration what the scope of the 
system is. Shall it be designed to support only the test coordination of field test at NEVT? Or shall it be 
designed with purpose to support and improve the test process for several groups?  

There would probably be advantages for both of the solutions. From what was shown in the survey, it 
would probably be of greater advantages if a system could work as a support tool for several groups and 
departments throughout the organization.    

An alternative would be to first develop a limited edition, a pilot version, and test it within the NE-
department. No system is perfect from the beginning, and a pilot version would bring forth what needs to 
be improved and what functions need to be added. Unsatisfying functions may be fixed before a more 
comprehensive version is implemented in the organization. In addition, there is another advantage by 
using a limited pilot version as a first step. The opinions and suggestions of improvements would be 
manageable if there is a limited group of users. Once the system has been tested and improved, it could be 
advisable to evaluate the benefits again. If the evaluation indicates that the system will facilitate and 
improve the test process, a complete version can be implemented. The system could be developed 
internally at Scania, or by hiring an external agency. A third alternative is to use an existing requirement 
management program. In this case, a survey of existing programs must be conducted in order to 
understand if any other program meets the needs. 
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13  Conclusion 
To verify and validate the outcome of a test, it is necessary to know what the test was and how it has been 
conducted. The testing on complete vehicles requires that several groups interact and coordinate. It also 
requires good communication between test coordinators and decision makers. The investigation revealed 
that: 

 The test process needs to be improved to facilitate the possibility to plan, coordinate and 
synchronize groups. It would probably result in a more effective testing.  

 There is a need of increasing the possibility for decision-makers to get a better insight in the test 
process and to easier understand test status, achievement of requirements and if more resources 
are required. Enabling better insight, and thereby providing a good basis for making decisions, 
could generate in higher quality of testing.  

 A system that collects data and enables all groups and persons of concern to access it may 
contribute to a more transparent process.  

 A system may allow linking of data and since the requirements are in relation to each other the 
benefit lies in the possibility to group, screen, search, plot and generate overviews to create better 
understanding of test status and performance.  

 A system could enable anyone with user rights to reach the information at any time. It would 
decrease the dependence of the information exchange between individuals and increase the 
availability of information.  

 A system may contribute with improved documentation by saving data once entered. Current 
Excel-documents are continuously changed in accordance with testing and it requires great effort 
to keep track of all changes and manually document all data.  

As already stated, there is a need of a system to support the coordination of verifying and validating tests. 
However, in this thesis the focus was investigating the need of system within the NE-department, adapted 
for the process of coordinating field tests. The suggestion of the system is based on the survey made at 
NE, and it should be taken under consideration if a process to implement a system will continue.  
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14  Recommendations 
 Make a survey of what existing programs for requirement management there are and investigate if 

any of them are adaptable to the needs of the test process at Scania.  
 

 Investigate the possibilities to develop a system internally at Scania. 
 

 Investigate the possibilities to outsource the development of a system and to hire a firm to 
customize a system. 
 

 Collect opinions from other departments and take advantage of suggestions. Take the opinions 
under consideration and implement a pilot version.  
 

 Implement the pilot version at the NE-department. Use the system and make sure user opinions 
are collected. Make improvements and try the new version within the NE-department.  
 

 Evaluate the system again and, if the feedback is positive, expand to a complete system and 
implement it in the departments of concern.  
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