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Abstract 

This master thesis project was carried in collaboration with Keolis AB. One of 
the company’s goals is to seek for a possible replacement to expensive custom 
hardware units by cheap single board computers. As a test case, a simple 
application is proposed, which implements driver identification by scanning 
the barcode of driving license (personnummer). The main objective of this 
project is to find a suitable single board computer, to implement the proposed 
driver identification application, to send the driving license number along 
with the timestamp in a web page and test the functionality of the single board 
computer according to procedures specified in ISO and IEC standards for road 
vehicles. A parser that analyzes the input string of a barcode reader was 
implemented in C programming language. The barcode reader scans a 
barcode or a QR code and the parser returns the content of the barcode 
symbol in ASCII character format. The driver license number as well as the 
timestamp should be published to a web page. A webpage was created using 
the Django Web Framework, which is a database-driven website. Each time a 
driving license barcode is scanned, a POST Http request method is performed 
and both the driving license and timestamp are stored in a SQLite database. 
Each time a GET request method is performed the data stored in the SQLite 
database is retrieved and presented in the website. The communication 
between the single board computer Raspberry Pi and the Django framework is 
achieved using cURL, which is an open source command line tool and library 
for transferring data with URL syntax. The data of the website will be 
manipulated in the backend. Moreover, heat and humidity environmental 
testing were performed as described in ISO and IEC standards for road 
vehicles, to evaluate the functionality of the system under certain 
environmental conditions. These tests showed the working temperature range 
and the humidity range that the Raspberry Pi can tolerate. As a conclusion, it 
can be stated that Raspberry Pi can be used in the passenger compartment 
with expected temperatures to be below 100 Celsius, but not in the engine 
compartment where temperatures more than 100 Celsius can occur. In 
addition, Raspberry Pi can perform in all the levels of humidity that has been 
tested. If it is necessary to be employed in other bus compartment with 
increased temperature, a more expensive robust embedded single board Linux 
computer should be chosen. Future work should include vibrations and 
immunity testing, in order to fully qualify with the ISO and IEC standards. 
These types of tests are costly and should therefore be performed by 
automotive manufacturers or other parties who are expected to bear such a 
cost.   
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Abstract 

Detta examensarbete genomfördes i samarbete med Keolis Sverige AB. Ett av 
företagets mål är att söka efter möjliga system som ersättning till dyra, 
specialanpassade hårdvaruenheter och istället övergå till billiga 
enkortsdatorer. Som ett testfall föreslås ett enkelt program, som genomför 
identifiering av föraren genom att skanna streckkoden på körkortet 
(personnummer). Huvudsyftet med projektet är att hitta en lämplig 
enkortsdator, att implementera den föreslagna 
föraridentifieringsapplikationen, skicka körkortsnumret/personnumret med 
tidsstämpel till en webbsida och testa funktionaliteten hos enkortsdator enligt 
testrutiner som beskrivs av ISO- och IEC-standarder för vägfordon. En parser 
som analyserar indatasträngen av en streckkodsläsare implementerades i 
programmeringsspråket C. Streckkodsläsaren skannar en streckkod eller en 
QR-kod och parsern returnerar innehållet i streckkoden på ASCII-
teckenformat. Körkortsnumret samt tidsstämpel publiceras på en webbsida. 
En webbsida har skapats med Django Web Framework, som är en 
databasdriven webbplats. Varje gång körkortets streckkod skannas, skickas en 
POST http-begäransmetod som utförs varvid både körkort och tidsstämpel 
lagras i en SQLite databas. Varje gång en GET-begäran skickas, lagras data i 
SQLite databasen och presenteras på webbplatsen. Kommunikationen mellan 
enkortsdatorn Raspberry Pi och ett Django-ramverk uppnås med hjälp av 
cURL, som är ett kommandoradsverktyg med öppen källkod, och ett bibliotek 
för att överföra data med URL-syntax. Uppgifterna på webbplatsen 
manipuleras i backend. Miljötålighetsprovning med avseende på värme- och 
fuktighet har utförts för att utvärdera systemets funktionalitet under specifika 
miljöförhållanden. Testerna specificeras i ISO- och IEC-standarder för 
vägfordon. Dessa tester visade vilka arbetstemperaturer och vilken 
luftfuktighet som Raspberry Pi klarar. Det kan konstateras att Raspberry Pi 
kan användas i passagerarutrymmet, där temperaturen förväntas ligga under 
100 Celsius, men inte i motorrummet där temperaturer högre än 100 Celsius 
kan förekomma. Vidare har Raspberry Pi visat sig fungera vid de nivåer av 
luftfuktighet som har förkommit i testerna. I de fall där systemet skall 
användas i miljöer med högre temperaturer bör en dyrare och mer robust 
inbyggd (embedded) Linux-enkortsdator väljas. Det framtida arbetet bör 
omfatta vibrations- och elstörningstester för att fullt ut säkerställa att 
systemet klarar gällande ISO- och IEC-standarder. Dessa typer av test är 
kostsamma och bör därför genomföras av fordonstillverkare eller andra 
aktörer som förväntas kunna bära en sådan kostnad.  
 
Nyckelord 
Enkortsdator, Raspberry Pi, C, Django, Python, cURL, ISO, IEC, 
fordonselektronik, miljötålighetsprovning 
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1 Introduction  

The essential goal for all kind of companies is profitability. For Keolis 
Company, this goal can be achieved by using cost effective hardware solutions 
in the buses, which can guarantee continuous operation. A critical factor in the 
profitability of a company is the ability to handle the downtime in case of a 
fault and the ability to change to the latest trends of the technology. This 
master thesis examines if Keolis Company can benefit from moving to cost 
effective solutions instead of the solutions currently used in the busses that 
operate. 

1.1 Background 
Keolis is a company that provides public transports in Sweden, mainly 
commuter busses in Stockholm and Gothenburg. Modern public transport 
becomes gradually more depended on IT solutions. In addition to the IT 
system operator, Keolis is responsible for a number of IT systems that are 
purchased, owned and operated by the public transport authority (ex: SL / 
SLL TF Västtrafik, JLT, Skånetrafiken etc) , that produce traffic of the 
operator. Public authorities increasingly intend to divest the responsibility for 
the in-vehicle installed hardware and place it on the operator. As a direct 
consequence, the operator has to purchase their own IT systems for the 
vehicles. 

1.2 Problem  
Traditionally, the IT hardware that is installed in the vehicle were non-
standardized and non-modular. These hardware units which Keolis Company 
employed were function-driven. As a result, expensive and robust hardware 
units were used to implement simple functions. A driving force for the 
operators is that they should move toward to standardized and modular 
hardware. This allows 

 Cost-effective automotive IT. 
 More possible suppliers of IT solutions. 
 Rapid Technological Shifts. 
 More innovative IT solutions. 
 Ease of replacement in case of failure with minimum cost and 

downtime. 
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1.3 Purpose 
The thesis discusses whether it is possible to use a low cost, single board 
computer as a replacement for expensive custom hardware components which 
are currently employed in busses by Keolis Company.  In order to decide if it is 
feasible to do this replacement, the following tasks should be performed: 
 

 Identification of the requirements for vehicle hardware (lowest level). 
 Selection of a standardized hardware component based on the existing 

requirements. 
 Acquisition of a unit of the selected standardized hardware for this 

design and deployment a simple application. This application should be 
relevant to Keolis Company operations.  

 Test the hardware including the application according to testing 
procedures described in ISO and IEC international standards. 

 Summarizing the results in a thesis report. 

 

1.4 Goal 
Based in on the requirements for the electronics operating in a vehicle, 
evaluate the feasibility to replace custom and expensive hardware solutions 
with standard and cost effective hardware solutions. As a test hardware and 
software solution, an USB connected barcode/QR code reader is proposed to 
implement a simple identification application. To achieve this goal, the 
following milestones have been specified: 

 Based on existing standards and regulations, specify electrical and 
mechanical requirements for the electronics unit. Based on the 
application, specify required hardware and software interfaces. 

 Using the specification, evaluate and select a suitable standard 
platform (single board computer). 

 Implement the test solution using this single board computer. 
 Since many of the parameters specified in 1 may not be specified in the 

data sheets, additional tests and measurements may be required. This 
can involve but not limited to temperature, humidity, vibration, power 
supply and EMC requirements in vehicles, power consumption in 
different operation modes. Some tests may be performed at KTH 
facilities. 

 Write and deliver a degree project report. 
 Carry out an oral presentation and defend the report. 
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1.4.1 Benefits, Ethics and Sustainability 
This project will examine if the suggested solution can be used in the buses 
that are currently in service. Keolis can benefit from this project, using less 
expensive hardware components which are easy to be replaced and updated. 
The software can be expanded for other services, according to the future needs 
of the company. 

1.5 Methodology / Methods 

The problem definition was given by Keolis Company. Since the scope of this 
project is to prove that a custom and expensive hardware unit can be replaced 
with a standard and cost effective hardware solution, quantitative research 
method was selected. Another reason why a quantitative research method is 
preferred is the experiments that will be performed. An experimental research 
strategy will be followed and the data collection will derived by experiments.  
This project will verify a hypothesis, whether a simple service, driver 
identification, is possible to be implemented on a single board computer. In 
addition, the quality assurance of quantitative research will be checked by 
reliability and replicability of the experiments.      
   

1.6 Delimitations 

The test procedure will be limited to the Raspberry Pi. Other components that 
are part of the project such as the barcode scanner, the Ethernet switch and 
the laptop are considered to be certified for all the possible tests and no study 
is necessary for this infrastructure. In addition, failure of test equipment may 
delay the testing procedure. Moreover, material necessary for the testing 
procedure may be unavailable, resulting in postponing some tests for the 
future. 
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2 Theoretic Background 

2.1 Problem Definition 
Nowadays, modern public transportation is massively IT dependent. From 
staff and traffic planning to daily operations, everything depends on various 
IT systems. In the background of real time passenger information and journey 
planning there are many IT systems involved. Such systems include both 
backend software and onboard vehicle hardware along with embedded 
software.    
Keolis is a company that provides public transports, mainly commuter buses 
in Stockholm and Gothenburg. In cooperation with Storstockholms 
Lokaltrafic (SL), Keolis drives around a thousand buses in and around 
Stockholm area. Every bus is equipped with many systems such as computers, 
sensors, cameras, wireless modems and tracking devices.  
Today each system is bought separately from different suppliers. Since the 
suppliers are interested in arcane proprietary standards, there may be system 
integration problems, increased costs and worthless duplication of 
components, such as using one GPS receiver for every device that might need 
to use the current coordinates. It is not uncommon for a bus to contain IT 
systems with 100000 SEK’s worth of computer hardware, each of which can 
be fixed by that supplier company’s dedicated service crew. 
In general, a company tries to keep their cost low to maximize their revenues 
and cutting down their expenses. In addition, a company tries not to delve in 
blindness regarding chosen technologies nor strategies decisions.  
Therefore Keolis has a vision about a custom system, using generic, readily 
available hardware that will replace the current confusion in the future. 
Important information will be shared among units that may need it rather 
than utilizing unnecessary and possibly conflicting duplication of hardware. 
One of the goals of this master thesis is to investigate how the IT equipment in 
Keolis buses could be replaced with generic, inexpensive hardware and 
software while still providing roughly the same function. The driver 
identification software is the application which is needed to be implemented. 
This results in a simple proof-of-concept system providing the feasibility of a 
full custom Keolis solution. 
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Fig. 1. Current onboard IT infrastructure 

 
Currently there is a situation where several independent systems coexist 
without directly interacting with each other, resulting in unnecessary 
duplication and complexity. As can be seen in figure 1, several components are 
unnecessary duplicated, such as the GPS receivers. 
Each “colored box” in the picture represents a system which can cost from a 
few thousand to 30000-40000 SEK. Usually there are 3-10 systems installed 
per bus. It is expected that a bus is equipped with onboard IT worth 100000-
150000 SEK. At the moment, the onboard network in the majority of the 
buses looks like the picture above. The suppliers of onboard IT systems are 
limited. These systems are locked, of proprietary hardware, they are 
monolithic, black box, and they are parallel without redundancy. They are not 
integrated, they don’t communicate, and they don’t share information.  
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Fig. 2. Experimental onboard IT infrastructure   

 
Nowadays a small number of buses employ an onboard network as seen in 
figure 2. As a first step, extra duplicate hardware components such as WiFi, 
GPS, GPRS were removed. The systems are connected to OCP (Onboard 
Communication Platform) subsystem which implements the functionality of a 
communication gateway and a GPS provider. Thus this subsystem provides 
the other subsystems with outer-world communication and real time GPS 
data.   Nonetheless, the problem of components of different vendors still 
exists.   
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Fig. 3: The vision of Keolis 

 
The vision of Keolis for the future is to implement a fully custom system, using 
generic, readily available hardware that will replace the current mess on the 
long run. In order to provide maximal replaceability of the subsystem parts, 
all hardware units will be identical. They will only differ in the contents of the 
micro SD cards used.  
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Fig. 4: A step closer to fully custom Keolis solution 

 
A step to move to fully custom Keolis solution is shown the figure above. 
Keolis already owns a system that was implemented by KTH Embedded 
Systems master students as part of their HK course. The system already uses a 
local area network of Raspberry Pi, each one dedicated to implement a unique 
functionality, such as AVL, CMU and OCP. The system to be implemented will 
plugged in the existing designed system. The suggested solution will be 
connected to the already existing communication channel.  
 
 
 
 
 

Driver 
identification 
application 
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2.2 Vehicle electronics-Proof of concept 
The development cycle of vehicle electronics performed by Scania AB was 
examined during the literature review. Before Scania specifies the 
requirement for a component, e.g. an EMU, Scania engineers develop 
prototypes, in order to verify the concept.  This procedure is required since it 
is a way to discover potential defects with a concept and avoid problems later 
when starting working with external suppliers. If a third party company 
undertake a project which is not feasible to be implemented or the 
specifications from Scania are not complete, the cost and time plan for 
development will be affected negatively. 
 
List of requirements 

Scania makes a list of the requirements that are required be met by the 
component. Some of the requirements are in areas such as: 

 Ageing 
 Chemical resistance 
 Climatic stress. (Dry heat, cold, rapid temperature change, salt mist, 

damp heat, ingress protection) 
 Electrical loads 
 EMC protection, emission and immunity 
 Flammability 
 Life length 
 Mechanical loads. Vibration, free fall, external forces 
 Operating voltage 
 Over voltage 
 Quiescent current 
 Reverse polarity 
 Short circuit protection 
 Superimposed voltage ripple 
 Transient protection 

 
The supplier develops and tests the component according to these 
requirements. Then Scania performs all the tests needed to verify that the 
component meets all the requirements, before release for serial production 
and placement in the vehicle.  
Here it should be remarked that a component may meet the requirements as a 
single component, but when it is used together with other components, may 
produce incompatibility (eg. antenna effect). For that reason, a component 
should be tested in three ways: as a stand alone component, as part of a bigger 
design and as a complete system placed on a vehicle. 
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All vehicle electronics placed on Scania vehicles are tested according to 
international standards. Some of them are shown below: 
 

 ISO 11451: Road Vehicles-Vehicle test methods for electrical 
disturbances from narrowband radiated electromagnetic energy. 
Part 2:2005. Off vehicle radiation sources   
Part 3:1994. On-board transmitter simulation  

 
 ISO 11452: Component test methods for electrical disturbances from 

narrowband radiated electromagnetic energy 
Part 2:2004. Absorber-lined shielded enclosure. 

 
 CISPR25:2002. Vehicles, boats and internal combustion engines. Radio 

disturbance characteristics-Limits and methods of measurement for 
the protection of on-board receivers.  

 
 ISO 7637: Road Vehicles-Electrical disturbances from conduction and 

coupling. 
Part 2: Electrical transient conduction along supply lines only.  

 
 ISO 10605:2001. Test methods for electrical disturbances from 

electrostatic discharge. 
 

 IEC 61000-4-2:2001. Electrostatic Discharge Immunity Test. 
 SAE J1455:2006: Recommended Environmental Practices for 

Electronic Equipment Design in Heavy Duty Vehicle Applications. 
 

 ISO 6722-1:2011. Road Vehicles60V and 600V single-core cables. 
Part 1: Dimensions, test methods and requirements for copper 
conductor cables 

 
 ISO 16750: Road Vehicles-Environmental conditions and testing 

for electrical and electronic equipment 
Part 1:2006. General 
Part 2:2006. Electrical loads. 
Part 3:2012.  Mechanical loads. 
Part 4:2010. Climatic loads. 
Part 5:2010.  Chemical loads. 
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 ISO 20653:2013. Road vehicles-Degrees of protection (IP code). 
Protection of electrical equipment against foreign objects, water and 
access.  

 
 ISO 22241-1:2006. Diesel engines. NOx reduction agent AUS 32. Part 1: 

Quality requirements. 
 

 IEC 60068. Environmental Testing 
Part 2-11:1981. Tests. Test Ka: Salt, mist 
Part 2-14:2009. Tests. Test N:Change of temperature. 
Part 2-64:2008. Tests. Test Fh: Vibration, broadband random and 
guidance. 
Part 2-78:2001. Tests. Test Cab: Damp heat, steady state. 
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2.3 Introduction to Embedded Systems and Testing 

2.3.1 Single Board Computer 
The launch of the microprocessor during the 80’s has brought a revolution in 
the area of electronics [1]. This progress changed the way computers were 
used. The first computer, ENIAC, occupied 167 square meters and consumed 
150 kW of power. Nowadays, computers became smart phones, smart watches 
and devices with unlimited applications in all the aspects of life, from vehicles, 
household appliances, infotainment devices to name a few.  
The development of single board computers requires an important period of 
time, skillful engineers and development infrastructure. Thus it is an 
expensive procedure. 
When a single board computer will be manufactured in big portions, the 
overall cost is expected and considered as a standard spending. In this case, 
the cost per component is feasible. Thus, the design cost is considered to be a 
smart investment which will result to a well designed system with excellent 
performance. 
In case that the number of components needed is negligible, the cost per 
component will be extensive as the final development cost will be shared by 
few components. Consequently, designing and manufacturing a few 
components is not an effective procedure. 
A different approach suggests the employment of a pre-manufactured single 
board computer. This approach may have higher cost than the tailored design 
but the final cost compensates since considerable design expenses required 
initially are covered by the supplier of the board. Therefore, the optimal 
solution for a system which requires a few components is by employing single 
board computers instead of custom designed systems. 
A single board computer is a PCB (printed circuit board) which contains ICs 
(integrated circuits) such as microprocessor, RAM and all of them 
incorporating a microcomputer. Single Board Computers can be employed to 
many diverse applications because of their flexibility. They can be customized 
to a specific application selecting among different hardware and software 
options.  
The preference of a single board computer instead of a custom designed 
microprocessor systems is usually based on economic criteria. As shown in 
figure 5, the cost of a single board computer is lower than the cost of a custom-
engineered design unit, when the quantity is low. As the quantity increases, 
the cost tends to be the same, both for single board computer and custom 
engineering component. For very large amount of units needed, it is more 
efficient to use custom engineering components. However it is difficult to 
estimate the real cost of such systems. It can only conclude when the 
manufacturing of the units begins. 
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Another point to consider about the custom-engineered design solution is the 
availability of engineering knowledge and infrastructure. Usually the demands 
for a custom microprocessor system cannot meet by the organizations in 
terms of infrastructure and personnel.   

 
 

Fig. 5. Total cost of microprocessor-based systems.[1] 
 
Thus, the choice of a single board computer should be preferred instead of a 
custom-engineered design system mainly because the use of an SBC will result 
to less cost. In addition, single board computers offer a variety of operating 
systems and include development tools. Moreover since the basic engineering 
to create the hardware of the system is already completed, there is more 
available time for customizing the SBC for its individual tasks. In this case, the 
large on-line community can be really useful as long as people around the 
world share their opinions and experience regarding the applications that can 
be implemented using single board computers. As a conclusion, the choice of a 
single board computer decreases both the cost and the design time which 
results in cheaper systems which may be delivered faster. 
 

2.3.2 Embedded System 
An embedded system [2] is a specific purpose computer system in which the 
computer is completely enclosed in the device it serves. In comparison with a 
personal computer, an embedded system implements pre-designed functions, 
often with very specific requirements. Embedded systems have a pre-defined 
task which allows the engineers to optimize the whole system by reducing the 
size and price of the deliverable. Embedded systems are usually produced 
massively which leads to minimize cost for each system. 
The embedded systems are a quite interesting field, since it is necessary to 
discipline both the software and hardware design. In addition, embedded 
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systems are consisting of a wide variety of characteristics such as computer 
architecture and micro architecture, compiler, operating system and real time 
systems. Incorporating the above factors can be a challenging task since a 
combination of the above factors can lead to an optimizing design with the 
maximum gain for the preferred application. 
The design of an embedded system is a quite challenging task because they 
need to deliver a predictably good performance. Some embedded systems 
need to perform under real time environments. In this case, they need to 
complete their tasks before a deadline, otherwise they will fail. Features that 
provide increasing performance to the personal computers, such as pipelining 
and out-of-order instruction execution in the processor have a drawback; they 
are hard to predict their performance. Accordingly, embedded systems 
engineers need to establish approaches to implement fast systems with 
predicted performance. 
 

2.3.3 Embedded Systems and Software Challenges in Electric Vehicles 

Nowadays, the competition among the automotive industry vendors is focused 
on embedded systems and software. They have a contribution of 30-40% on 
the cost of a vehicle and this fraction it is expected to grow progressively. In 
addition they increase the driving pleasure and reinforce the safety of the 
passengers.  
By the last three decades, systems such as anti-lock braking system, electronic 
stability control and emergency brake assist were the major innovations in 
automobile industry. However, Information Communication Technology 
(ICT) is not progressing according to technical possibilities, due to the 
increased complexity of the systems, consisting of up to 100 ECUs. Such 
systems are hard to communicate because of the multiple communication 
protocols. As a consequence, the lack of efficient communication becomes a 
barrier for innovation in ICT domain. 
Back to 1980’s, the first embedded systems were employed on vehicles to 
improve driving comfort and reduce the environmental pollution. In order to 
connect all the components together, the Control Area Network (CAN) bus 
was introduced. 
Nowadays, the large amount of ECUs requires new design standards for 
prospective electrical/electronic architectures and software design. The 
proposed design principles are: 

 Flexible electrical/electronic architecture. 
 Highly-integrated mechatronic components 
 Standardized communication backbone. 
 Operating system/middleware. 
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The number of ECUs in premium cars is increasing progressively, reaching 
100 ECUs approximately. In addition new complex functions regarding safety 
are employing. As the complexity of applications increases, there is a demand 
for more complex ECUs. A shift from low-clock speed components to 
innovative higher computing power components that will manipulate many 
parallel applications is required. Multicore systems are currently used by 
many car manufacturers as a way to reduce the number of ECUs since a 
multicore system can replace multiple single core systems, without any change 
on the existing software. Another solution can be Field Programmable Gate 
Arrays (FPGAs). They are programmed dynamically according to the existing 
requirements. 
A communication network on a vehicle should fulfill the requirements for high 
availability and reliability. Simultaneously, protocols are required to provide 
real-time specifications for safety-critical functions. Potential nominees for 
future generation networks in electric vehicles are FlexRay and real time 
Ethernet as well as combination of them. 
At the moment, CAN bus is the leading bus in the automotive industry. It is 
expected to be replaced in the near future since it is not capable to adjust to 
the specifications of future more demanding applications regarding safety and 
driver assistance. In terms of bandwidth, both FlexRay and Ethernet exceed 
CAN bus. FlexRay protocol provides a time-triggered communication which is 
useful when dealing with real-time requirements. On the other hand, Ethernet 
may be the solution when dealing with high data volume.  
A modern vehicle contains approximately 70-1oo embedded systems which 
are responsible for entertainment, safety and comfort. The integration of all 
these systems is very complicated task. In addition, the complexity will 
increase more by introducing multi-core ECUs and software approaches such 
as AUTOSAR. It is obvious that a new in-vehicle network is required in order 
to increase safety, to reduce the emissions and optimize the navigation. This 
will be achieved by car-to-x and car-to-car communication. 
The employment of FlexRay bus in commercial vehicles may introduce the 
time-triggered systems. Currently possible synchronization errors between 
ECUs and the bus may result to delays and jitter. Hence, a synchronous time-
triggered system is the answer where all network members adhere to the same 
policy. 
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2.3.4 Embedded Linux 
Embedded Linux [3] is a version of Linux operating system/kernel that was 
created to be installed and employed by embedded systems and devices. 
Despite the fact that embedded Linux utilizes the same Linux kernel as the 
standard Linux Operating System, embedded Linux is especially tailored for 
embedded systems. Consequently, it has tinier size, it  demands fewer 
processing power and has essential features. According to the requirements of 
the underlying embedded system, the Linux kernel is customized and 
advanced as an embedded Linux version. This kind of specimen is capable to 
execute exclusive device specific purpose applications.   

2.3.5 EMI 
Electromagnetic interference (EMI) is a severe scheme of environmental 
pollution [4]. Its reactions vary from negligible distress by reason of sparkles 
on broadcast reception to possibly lethal hazards due to corruption of safety-
critical control systems. Different forms of EMI may cause electrical and 
electronic malfunctions, can restrict the decent use of radio frequency (RF) 
spectrum and may have a direct effect on human tissue. Since all electronic 
systems “invade” into the majority of aspects of everyday life, the potential for 
interference effect and serious EMI-induced incidents will increase. 
The impedance of EMI is managed by adopting the practices of 
electromagnetic compatibility (EMC). This is defined as “the ability of a 
device, unit of equipment, or system to function satisfactorily in its 
electromagnetic environment without introducing intolerable electromagnetic 
disturbances to anything in that environment” [4]. The term EMC has two 
complementary aspects: 

1. It describes the ability of electrical and electronic systems to operate 
without interfering with other systems. 

2. It describes the ability of such systems to operate as intended within a 
specified electromagnetic environment. 

The use of microprocessors has stimulated the boost of interest in EMC. The 
microprocessors are widely responsible for generating radio frequency 
interference and are influenced to many interfering phenomena. 
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2.4 ISO and IEC 
ISO (International Organization for Standardization) [5] is an independent, 
non-governmental membership organization and the world’s largest 
developer of voluntary international standards. The members of ISO are the 
national standard bodies of the 162 member countries. It’s the world’s largest 
developer of noncompulsory international standards and simplifies world 
trade by providing common standards between nations. ISO has published 
almost 20000 standards covering almost every industry, from technology to 
food safety, to agriculture and healthcare.  
ISO International Standards ensure that products and services are safe, 
reliable and of good quality. The standards help businesses to increase 
productivity while minimizing errors and waste. By letting products from 
different markets to be parallel examined, they ease the access of companies 
in new markets and boost in development of global trade on a fair basis. In 
addition, the standards act as a safeguard to customers and the end-user of 
product and services, ensuring that certified products conform to the 
minimum standards set internationally.  
 
IEC (International Electrotechnical Commission) [6] is a non-profit, non-
governmental international standards organization that develops and 
distributes international standards for all electrical, electronic and related 
technologies, everything considered as electro-technology. IEC standards 
incorporate an extensive range of technologies including power generation, 
transmission and distribution to home appliances, office equipment, 
semiconductors, fiber optics, batteries, solar energy, nanotechnology, marine 
energy to  name a few.  
The IEC branch encloses all electrotechnologies containing energy production 
and distribution, electronics, magnetics and electromagnetics, 
electroacoustics, multimedia, telecommunication and medical technology. In 
addition it correlates general disciplines such as terminology and symbols, 
electromagnetic compatibility, measurement and performance, dependability, 
design and development, safety and the environment. 
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2.4.1 ISO 11451 
 
The ISO 11451 [7] deals with test methods for vehicles in order to examine the 
electrical disturbances from narrowband radiated electromagnetic energy. 
Nowadays, there is an expansion in the number of the electronic devices that 
are mounted inside the bus. These devices perform many applications such as 
controlling, monitoring and displaying a range of functions.  
Electrical and radio-frequency disturbances appear at the time of normal 
operation of various items of motor vehicle equipment. They are developed 
over an extensive frequency range with discrete electrical characteristics and 
can be dispersed to on-board electronic devices and systems by conduction, 
radiation or both. Narrowband signals introduced from sources on or off the 
vehicle may also be coupled into the electrical and electronic system altering 
the regular performance of electronic devices. Broadcast transmitters and 
mobile radios are potential sources of narrowband electromagnetic 
disturbances. 
It is necessary to determine the details of the immunity of a vehicle to radiated 
disturbances. The ISO 11451 standard provides several test methods for the 
estimation of vehicle immunity details.  
 

2.4.2 IEC 60068 
 
The IEC 60068 standard [8] includes a list of techniques of consistent and 
reproducible methods of environmental test with regular atmospheric 
environment for measurements and tests in order to be used for the 
preparation of specifications and for testing different products. The test 
methods have been developed after many years of international effort in the 
domain of engineering and are generally designed to supply knowledge for the 
consecutive characteristics of specimens: 

 The capability to function inside certain limits of humidity, 
temperature, pressure, mechanical stress or other environmental 
conditions and satisfied combinations of these conditions.  

 The capability to go through conditions of storage and transportation.  
The tests described in this standard allow the identification of the 
performance of specimen products. An appropriate sampling plan must be 
applied in order to examine the quality of useful life of the specimen. For this 
scope, additional tests may be required, as described in IEC 721 publication.  
Tests that resemble environmental conditions need to have different levels of 
severities. These different levels of severities are achieved by alternate the 
temperature, the time, the air pressure or other essential factors individually 
or in combination. The standard should be used in association with the 
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applicable requirements which will decide the tests to performed, the 
appropriate level of severity for each them, their order and the acceptable 
performance boundaries. 
 
IEC 60068-2: Environmental Testing. 
The part 2-1 of IEC 60068-2 [9] copes with cold tests which apply to 
specimens with heat dissipation or non heat dissipation. The scope of the cold 
test is to determine if the specimen under test is capable of operating, 
transporting or storing at low temperatures. 
The part 2-2 of IEC 60068-2 [10] copes with dry heat tests that apply to 
specimens with heat dissipation or non heat dissipation. The scope of the dry 
hot test is to determine if the specimen under test is capable of operating, 
transporting or storing at high temperatures. 
The part 2-14 of IEC 60068 [11] deals with tests regarding the change of 
temperature. The scope of this test is to determine the reaction of a specimen 
which is exposed to an environment with changes of temperature. 
The effect of tests that deal with changes of temperature is determined by 

 The range between the lowest and highest conditioning temperatures 
 The amount of time that the specimen is kept at these temperatures 
 The changing rate between the temperatures 
 The number of cycles the tests are performed 
 The amount of heat that is transferred to the specimen or from the 

specimen   
 

2.4.3 ISO16750  
Road vehicles-Environmental Conditions and testing for electrical and 
electronic equipment 
The scope of ISO 16750 [12] is to benefit its user in repeatedly defining and/or 
applying a number of universally recognized environmental conditions, tests 
and operating requirements, which are established according to the expected 
environment in which the equipment will be operated in and exposed during 
its lifetime. The development of this standard assumed the following 
environmental factors:  

 Climate and world geography 
 Vehicle type 
 Operating modes and use of vehicle 
 Life cycle of equipment 
 Power supply of the vehicle 
 Mounting location in the vehicle 
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Electronic systems and devices are mounted in almost any location of a 
vehicle. Since different compartments of a vehicle (e.g. engine compartment, 
passenger compartment) are exposed to different environmental conditions 
(e.g. temperature, vibrations), it is useful for the vehicle manufacturer to 
classify the various environmental load types and levels in a feasible amount 
of standard requirement lineups.  
The approach of ISO 16750 is to illustrate requirement classes for different 
load types. It categorizes the loads to chemical, climatic, electrical, thermal 
and mechanical. Various requirement classes are specified for each load type. 
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3 Methodology 

This chapter describes the methods used to perform this study, focusing on 
achieving the specified goals. The research work in this master thesis is 
separated into different parts: 
 
Literature review  
This master thesis started with a literature review in order to gain relevant 
information about the topic of the master thesis. A number of papers and 
articles were reviewed for topics such as single board computers, embedded 
systems, embedded Linux, automotive electronics. In addition, a meeting was 
scheduled at Scania AB with Achraf Dirhoussi, the head of electrical 
components and cable harnesses, bus development sector. Much useful 
information regarding electronics development cycle derived from that 
meeting as shown in section 2.3. 

  
Application implementation  
This part consisted of implementing the driver identification software and the 
website for showing the data read from the barcode reader. The barcode 
reading software was implemented in C programming language. The website 
was implemented using Django, a Python-based framework. This step took a 
lot of time since Django framework was a tool that was never used in the past 
and needed time to learn how to use it. In addition, the barcode reading 
software took a lot of time to be implemented since it was necessary to detect 
the Linux properties and functions that should be used in the code. 
 
Testing  
This part consisted of literature reading and acquiring information regarding 
the implementation of the environmental tests, according to IEC and ISO 
standards. For this scope, a climate testing chamber was employed.   
 
Data Collection 
The required data collection for the software implementation of this project 
was the Swedish driving license number, which is in the form of Swedish 
personal number. This number is represented as interleaved 2 of 5 or qr code.     
For the testing procedure, the data collected were the range of temperatures 
and humidity the Raspberry Pi can perform well. 
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3.1 Comparison Matrix 
 
Specificatio
n\SBC 

Raspberry Pi 2 Beagle Bone Black Arduino 
Uno 

C.H.I.P. Humming 
Board i2eX 

Price $ 35 $ 80 $ 30 $ 9 $120 
SoC Broadcom 

BCM2836 (CPU, 
GPU, DSP, 
SDRAM) 

AM3358/9 ATmega32
8 

n/a i.MX6 Dual 

CPU 900 MHz quad-
core ARM 
Cortex-A7 

Cortex A8  1000 
MHz 

16 MHz 1 GHz 
Allwinne
r A13 
processo
r 

ARM 
Cortex-A9 
2-core  
1000MHz 

GPU Broadcom Video
Core IV 

Power VR SGX530 n/a Integrate
d 
Mali400 
GPU 

GC 200 

Memory(S
DRAM) 

1 GB 512 MB DDR3 2 KB 512 MB 
DDR3 

1 GB 

USB 2.0 
Ports 

4 2 n/a 1 4 

Video 
Inputs 

15-pin MIPI 
camera interface 

n/a n/a n/a n/a 

Video 
Outputs 

HDMI Micro-HDMI n/a n/a HDMI 

Audio 
Inputs 

IIS n/a n/a n/a n/a 

Audio 
Outputs 

3.5 mm phone 
jack 

Micro-HDMI n/a n/a 3.5 mm jack 

On-Board 
Storage 
(Flash) 

Micro SD Slot 4GB of internal 
storage, micro 
SDHC 

32 KB 4 GB Micro SD 

On-Board 
Network 

10/100 Mbit/s 
Ethernet 

10/100 Mbit/s 
Ethernet (Fast 
Ethernet) 

n/a n/a 10/100/100
0 Mbit/s 

Low-Level  
Peripherals 

17 GPIO 4xUART, 8x PWM, 
LCD, GPMC, 
MMC1, 2xSPI, 
2x I²C, A/D 
Converter, 2 X 46 
pin headers 

n/a n/a UART, 8 
GPIO, SPI 
with 2 CS, 
I2C 

Power 
Ratings 

800 mA 4.0 W 210-460 mA 42 mA n/a n/a 

Power 
Source 

5 V 5 V 5V n/a 5V 

Size 85.60 mm X 
56.5 mm 

86.40mm X 53.3 
mm 

68.6mm X 
53.4 mm 

n/a 85.6mm X 
54 mm 

Weight 45 g 39.38g 25 g n/a 48 g 
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As specified in 1.4, the main goal is to figure out whether or not is feasible to 
replace custom expensive hardware units with standard and cost effective 
hardware solutions. A survey was performed to choose the one among five 
popular single board computers that would have a decent performance when 
implementing the driver identification application.  
The first specification to consider was the price so the selected single board 
computer should have low price among the competitors. The desired 
application can perform well in all the platforms regarding the processing 
power (CPU and memory). On the other hand, it is useful to have a video 
output in case of debugging the code or monitoring the functionality of the 
single board computer. In a network failure, it may be difficult to reach the 
single board through network. In that case, the single board computer can be 
connected to a monitor via HDMI. Also, it is necessary to have at least 3 USB 
ports, one for the barcode reader, one for the keyboard and one for the mouse. 
Usually only the barcode reader will be connected to the single board 
computer but in case of network failure, a keyboard and a mouse should be 
connected to access the single board computer. Moreover, the selected single 
board computer should be popular among users in the world. That can give 
access to useful information through online forums and communities.  
Summing all the above requirements, the selected single board computer was 
Raspberry Pi. It has sufficient computational power, which may be necessary 
for future more demanding applications. It is cheap; it has Ethernet port to be 
connected with the vehicle network. It has 4 USB ports which fulfill the 
requirement for at least 3 USB ports. Moreover, the price of the Raspberry Pi 
is competitive among its competitors. 
For the current project specifications such as video input, audio input and 
output are not necessary. Having in mind that company’s applications are 
changing over time and company will employ hundreds of Raspberry Pi’s, it is 
good to have video input and audio input/output since they may become 
useful in future applications, by reusing the existing Raspberry Pi’s.  
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3.2 Keolis Specifications  
Keolis set some specifications for the project: 

1. Find a unit that will read the driving license number. The Swedish 
driving license has bar code and/or QR code which contain the 
number. The number is identical with personnumer, in the format 
YYYYMMDD – XXXX. This unit could be a USB barcode scanner. 

2. USB barcode scanner sends the number to the single board computer 
via USB. 

3. Single board computer “reads” USB signal, which contains the driving 
license number. 

4. Single Board computer converts driving license number to IP. 
5. Number is pushed out via IP. 
6. Publish the driving license number on a website. 

 

3.3 Motivation of Keolis to move from custom hardware to single 
board computer 

Keolis employs custom hardware units in the passenger compartment. These 
units needed to be designed from the scratch. They were robust, heavy. That 
increased the overall cost. The whole procedure was time-consuming and the 
hardware component took a significant time to be delivered. Moving to single 
board computers, there are many benefits. First, they are available 
immediately, so the software development can start immediately. Custom 
electronics are expensive because they are built to be robust. Single board 
computers are not solid as the custom ones but they are less expensive and 
they can be replaced many times. The overall cost of multiple replacements 
still remains less than one custom component. Moreover, this is important 
because the down time of a component is very expensive too. A custom 
component may take days or weeks to be fixed in case of malfunction.  A 
single board computer may be replaced immediately, allowing continuous 
functionality of the system. The components used in the passenger 
compartment of the bus perform functionalities that are not critical for the 
safety of the passengers or the vehicle. Eco-drive, passenger Wi-Fi, passenger 
counting to name few, are functions that can handle the down time. Even if 
their functionality stops, it will not result to situations dangerous for the 
passengers and the vehicle itself. These functions may be implemented with 
single board computers. 
The decision for the Raspberry Pi was taken having in mind that a simpler 
single board computer in terms of processing power may not be able to be 
reused for future more demanding applications. In addition, it is cheap 
enough so there is no motivation to move beyond its specifications. 
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3.4 Tests 
In order to check the functionality of the system under the bus environment, 
several tests shall be performed. These include cold test, dry heat test, 
humidity test, vibration test, electronic compatibility test. It was preferred to 
use the infrastructure of KTH as much as possible, because no financial 
support was available for any external tests. 
All the above tests should be performed according international recognized 
standards which ensure quality in the testing procedure and at the expected 
results. For road vehicles and vehicle electronics, there are various IEC and 
ISO standards which will be used for the testing procedure. 
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4 Implementation  

This chapter describes the implementation of the software in C programming 
language for the barcode parser and the construction of the website that 
shows the readings of the barcode reader in Python-based Django framework. 
 

4.1 Motivation 
The decision was to use the Raspberry Pi so a Linux distribution was selected, 
which offers a lot of useful features and functions that could help the 
development of the software along with the input from barcode reader. 
Hexdump, Poll, Open, Read are Linux functions that will be useful to 
manipulate the incoming data from barcode reader. 
C was the selected programming language. It is small, easy to learn, 
understand and debug. C functions partition large programs into a set of 
smaller tasks, which are easier to design and debug. In addition it is efficient 
and supports access to I/O.    
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4.2 Configuration 
This is the hardware configuration during the development of the application. 
As seen in figure 2, the whole system consists of a bar code reader, a 
Raspberry Pi, an Ethernet switch and a laptop. The switch provides an IP 
connection between the Laptop and the Raspberry Pi. The bar code reader is 
connected to the Raspberry Pi via USB.  
 
 
 

                         
 
 
 

 
 
 

Fig. 6. Configuration during development 
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Barcode Reader  
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When the system will be placed in the cabinet inside the passenger 
compartment, the configuration will be different. It won’t be necessary to 
present the driving license number and the timestamp in a website. It is 
enough to post the barcode reading in the bus network through IP and it will 
be manipulate backend. 
 
 

 
 
 
 

 
Fig. 7. Configuration during operation 
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4.3 Barcode Parser 
In computer science, Parser is “a compiler or interpreter component that 
breaks data into smaller elements for easy translation into another language. 
A parser takes input in the form of a sequence of tokens or program 
instructions and usually builds a data structure in the form of a parse tree or 
an abstract syntax tree.” [13]  
In this project, the developed C program reads a barcode symbol and 
translates the input stream of characters to a human readable format, which 
are the ASCII alphabet characters. 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 4. Software Flowchart. 
  
Raspberry Pi runs Debian Operating System, a Unix-like computer operating 
system which is free and open source. The developed software was 
implemented in C programming language and compiled with the GNU 
compiler collection (GCC). The project contains 4 files: barcodeParser.h, 
barcodeParser.c, main.c, Makefile.  
At first, the pattern of each ASCII character should be identified. Linux 
includes hexdump utility, a filter which displays the standard input to a user 
specified format.  The pattern of each ASCII character that barcode reader 
produces, is shown in the Debian terminal, using the command  
 
hexdump –c /dev/hidraw0 
 
The ASCII characters that are necessary for identifying the Swedish Driving 
License card were resolved and stored in a structure called barcodeMapping. 
Below, there is an example of the representation of the ASCII character “A”, in 
the terminal. 
 
 
 

Start Scan the 
driving 
license 

Convert 
input string 
to line input 

Add line 
input to 
context 

Add barcode 
context to 

output 

Compare buffer 
content with 

character map 

If buffer content and a 
character match, print 

the character in console 
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[START_BLOCK] 
00|00|53|00|00|00|00|00| 
00|00|00|00|00|00|00|00| 
 
[DIGIT_A] 
04|00|00|00|00|00|00|00| 
04|00|62|00|00|00|00|00| 
04|00|5e|00|00|00|00|00| 
04|00|5d|00|00|00|00|00| 
04|00|00|00|00|00|00|00| 
00|00|00|00|00|00|00|00| 
 
[END_BLOCK] 
00|00|28|00|00|00|00|00| 
00|00|00|00|00|00|00|00| 
00|00|00|00|00|00|00|00| 
00|00|53|00|00|00|00|00| 
00|00|00|00|00|00|00|00| 
 
As shown in the example, for each ASCII character or a sequence of 
characters, the barcode reader has a start block, a block for the ASCII 
character(s) and an end block. All the 26 letters of alphabet, lowercase and 
uppercase, numbers and symbols where decoded. 
 
barcodeParser.h  
It is a custom library that contains 4 structures, useful to handle the input 
data and convert it to the desired output. In addition it contains functions that 
check each line of the pattern to decide whether it is a start block, a digit or an 
end block. 
 

barcodeMapping 

typedef struct barcodeMapping{ 
 char character; 
 unsigned int size; 
 char pattern[MAX_BARCODE_PATTERN]; 
} barcodeMapping; 
 
This struct is the “dictionary” of the parser. It contains a list of characters and 
the format that the barcode recognize them. 
Each character has a specific size, 24. The pattern is an array of 24 
hexadecimal elements, unique for each character. The main program scans the 
barcode and compares the input character with all the characters of 
barcodeMapping struct. In case of match, it returns the matched character. 
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barcodeInput 
 
typedef struct barcodeInput { 
 char line[INPUT_LINE_LENGTH]; 
} barcodeInput; 
 
The struct barcodeInput contains an array with a size of 8 elements.  
 
barcodeContext 
 
typedef struct barcodeContext { 
 unsigned int noInputLines; 
 barcodeInput inputLines[MAX_BARCODE_INPUTS]; 
} barcodeContext; 
 
The struct barcodeContext contains the readings of the barcode reader in an 
array with 8 columns and noInputLines rows.  
 
barcodeOutput 
 
typedef struct barcodeOutput { 
 unsigned int size; 
 char line[MAX_BARCODE_OUTPUT]; 
} barcodeOutput; 
 
The struct barcodeOutput contains the matched input characters. 
 
barcodeParser.c 
 
Contains const Charactermap[] of type barcodeMapping which serves as a 
“dictionary” of the ASCII characters, containing the ASCII character, the 
pattern of the character and the size of the pattern. It also contains the 
function addInputLineToContext that adds the content of a barcode reading to 
the structure barcodeContext. In addition it contains the function 
parseBarcodeContext, which compares the input string with the 
Charactermap[] and returns the corresponding ASCII character to the 
console.  
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Main.c 
Contains a number of functions and Linux properties that are described 
below: 
“File Descriptor is an abstract indicator used to access a file or other 
input/output resource, such as a pipe or network connection”. [14]. There are 
three standard file descriptors:  

 Standard In: File Number:0, Description: Input from keyboard 
 Standard Out: File Number: 1, Description: Output to the console 
 Standard Error: File Number:2, Description: Error Output to the 

console 

A file descriptor “is the handle user-space uses to talk to the underlying 
device”. [15]. It is “an abstract value of type Unix.file_descr, containing 
information necessary to use a file:  a pointer to the file, the access rights, the 
access modes, the current position of the file, etc”. [30] 
 
Poll 
Poll is a Linux function which “waits for one of a set of file descriptors to 
become ready to perform I/O. The set of file descriptors to be monitored is 
specified in the fds argument, which is an array of structures of the following 
form”: 
struct pollfd { 
    int   fd;         /* file descriptor */ 
    short events;     /* requested events */ 
    short revents;    /* returned events */ 
}; 
 
int poll(struct pollfd *fds, nfds_t nfds, int timeout); [16] 
 
In the code, fds[0].fd is the file descriptor for an open file. “If the field is 
negative, then the matching events field is neglected and the revents field 
returns zero. The field events is an input parameter, a bit mask designating 
the events the application is interested in for the file descriptor fd. If the field 
is specified as zero then all events are ignored for fd and revents returns zero. 
The field revents is an output parameter, filled by the kernel with the events 
that actually occurred. The bits returned in revents can include any of those 
specified in events, or one of the values POLLERR, POLLHUP, POLLNVAL. 
The timeout argument specifies the minimum number of milliseconds that 
poll() will block. 
Events = POLLIN; When events field is set to POLLIN, it means that there is 
data to read.” [16] 
 
 



35 
 
 
 
 

In main.c : int ret = poll(fds, 1, POLL_TIME_MS); 
Fds is a pollfd struct, nfds is the number of items in the fds array. Poll time is 
set as 500 ms.  
 
Open  
 int open(const char *pathname, int flags); 
“Given a pathname for a file, open() returns a file descriptor, a small, non-
negative integer for use in subsequent system calls such as read(), write(), 
fcntl() etc. A call to open(), creates a new open file descriptor, an entry in the 
system-wide table of open files.” In the implementation, pathname is the 
barcode reader, which is a hidraw device. “The flags are:  

 O_RDONLY: open the file read only 
 O_NONBLOCK: One wants to open, but does not necessarily have the 

intention to read or write.” [17] 

Read 
 ssize_t read(int fd, void *buf, size_t count); 
“Read attempts to read up to count bytes from file descriptor fd into the buffer 
starting at buf. On success, the number of bytes read is returned and the file 
position is advanced by this number.”[18] 
 

4.4 cURL Library 
 
“cURL is an open source command line tool and library for transferring data 
with URL syntax, supporting many protocols such as DICT, FILE, FTP, HTTP, 
HTTPS, IMAP etc.”[19]  
In the implemented code, cURL sends the output.line content, which is the 
barcode reading, to a URL which corresponds to a custom website 
implemented with Django framework for the purposes of this master thesis. 
 
curl_global_init(CURL_GLOBAL_ALL) 
“This function sets up the program environment that libcurl needs. The flag 
inside the parenthesis initializes everything possible.”[20] 
 
curl_easy_setopt(curl, CURLOPT_URL, 
"http://169.254.164.6:8000/licence/") 
“This function set options for a curl easy handle.” [21] 
 
CURLOPT_URL: The URL to work on, which is followed by a parameter, 
which is the URL http://169.254.164.6:8000/licence/. 
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CURLcode curl_easy_perform(CURL * easy_handle ): 
“This function should be invoking after curl_easy_init and the 
curl_easy_setopt calls are made. It must be called with the same easy_handle 
as input as the curl_easy_init call returned. Curl_easy_perform performs the 
entire request in a blocking manner and returns when done, or if it 
failed.”[22] 
 
void curl_easy_cleanup(CURL * handle ): 
“This function must be the last function to call for an easy session. It is the 
opposite of the curl_easy_init function and must be called with the same 
handle as input that a curl_easy_init call returned.”[23] 
 
void curl_global_cleanup(void): 
“This function releases resources acquired by curl_global_init.”[24]  
 

4.5 Django Framework 
“Django is a free and open source web application framework, written in 
Python [29], which follows the model-view-controller (MVC) architectural 
pattern”. [25]. MVC defines a way of developing software so that “the code for 
defining and accessing data (the model) is separate from request routing logic 
(the controller), which in turn is separate from the user interface (the 
view).”[31]. An advantage of this approach is that each distinct piece of a 
Django-Powered Web application has a single key purpose and can be 
changed without affecting the other places. 
Django’s main goal is to simplify the creation of complicated, database-driven 
websites. It draws attention the use of a component multiple times, the 
concept of don’t repeat yourself. Python is used far and wide, from settings to 
files and data models. 
When building a project for first time, Django auto generates some code that 
creates a Django project. It is a collection of settings for an instance of Django, 
consisting of database configuration, Django-specific options and application-
specific settings. 
 
Database Setup 
By default, Django uses SQLite [28] database, which is included in Python. 
Django development server is a Python-written server in the local machine. It 
resides in the default IP address, 127.0.0.1. The default IP address is not 
accessible from other machines on the network. To make the development 
server viewable to the Raspberry Pi, its own IP address should be used. It is 
0.0.0.0:8000 with IPv6 enabled.   
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Each application in Django is made up of a Python package that follows a 
definite method. Django contains a tool which develops the basic directory 
structure of an app. An app is a web application that does a specific task. An 
app may be in many projects. On the other hand, a project includes the 
configuration and apps for an individual Web site. It may include several 
apps. 
Models: Model is the distinct, complete source of information about data. It 
includes the necessary fields and behaviors of the stored data. More generally, 
a model points to a single database table. 
In the developed django project, in the app license, there is one class inside 
models.py, the licence_model. It contains two fields, the number, which is the 
scanned number of driving license and the time stamp, which is the time 
which it was scanned. 
 
View function: “A view function or just view is a Python function that takes a 
Web Request and returns a Web Response”[27]. The response can be 
anything, from html contents of a web page to an XML document. In the 
developed project, there are two HTTP request methods: The GET and POST. 
The GET method requests data from a specified resource and the POST 
method submits data to be processed to a specified resource.  
When a POST method requested, using the HttpRequest.readline(request), 
the view gain the data that is sent to Django from the Raspberry Pi, via the 
cURL library. The current date and time are gained using the Python function 
datetime. Next, the scanned number and the timestamp are stored to the local 
SQLite database licence_model. Each time a driving license is scanned, its 
number and the time scanned is stored in the SQLite database. 
When a GET method requested, the view retrieves the data that the POST 
method stored in the SQLite database. The retrieved data are sent to a 
template. 
 
Template: In the Django web framework, it is necessary to produce HTML 
dynamically. Templates are the ordinary way to achieve this. A template 
includes the static parts of the required HTML output along with some 
specific syntax that describes how dynamic content will be added. In the 
developed project, the template has two parts of dynamic content, the scanned 
driving license number and the timestamp. These parts are sent to the 
template to fill the variable attributes of the template. There is a for loop 
inside the template, every time a GET request retrieves the data from the 
database, a list of the retrieved data is shown in the development website. 
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URLs: Inside the directory of the project, there is a file named urls.py, which 
is auto generated when the project is initialized. The views of the project are 
linked with a URL pattern. When a request to the license app comes in, 
localhost:8000/licence, django checks the urls in the urls.py file, until finds 
one that matches. When it finds the one that matches, it calls the view 
function which is linked with that pattern.  
 
When the Django server runs for the first time, the created website is shown 
below: 
 

 
    

Fig.8. The website implemented on Django 
 
The URL is 169.254.163.6:8000/licence. When a POST request is made, cURL 
library sends the reading of the barcode reader to that URL. 
In order to retrieve the data that is stored in the SQLite database, a GET 
request method is required. When the website is refreshed, it is performed a 
GET request. In order to have frequent refresh of the website, an extension on 
the chrome browser is used. This extension, Easy Auto Refresh, refreshes the 
website every 10 seconds. The website looks like the figure below, after two get 
requests: 
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Fig.9. The website after 2 GET requests 
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5 Test and Analysis 

The Raspberry Pi will be used in the passenger compartment of the bus, inside 
a plastic/wooden cabinet. It is required to perform a number of tests in order 
to examine the tolerance of Raspberry Pi in severe environmental conditions, 
immunity in electromagnetic interference, immunity to vibrations. Below, 
there is a table with the relevant ISO/IEC standards which Scania uses to test 
the electronic components placed on the vehicles. 
 
a/a Standard Description Applicable  
1 IEC 60068-

2-1 
Environmental Testing-Test A: Cold.  Yes 

2 IEC 60068-
2-2 

Environmental Testing-Test B: Dry 
Heat. 

Yes 

3 IEC 60068-
2-14 

Environmental Testing-Test N: 
Change of temperature. 

Yes 

4 IEC 60068-
2-30 

Environmental Testing-Test Db: 
Damp heat, cyclic  

Yes 

5 IEC 60068-
2-64 

Environmental Testing-Test Fh: 
Vibration, broadband random and 
guidance. 

No. Not available 
infrastructure 

6 ISO 16750-1 Road Vehicles-Environmental 
conditions and testing for electrical 
and electronic equipment-Part 
1:General 

-- 

7 ISO 16750-2 Part 2:Electrical loads No 
8 ISO 16750-3 Part 3:Mechanical loads No 
9 ISO 16750-4 Part 4:Climatic loads Yes 
10 ISO 16750-5 Part 5:Chemical loads No 
11 ISO 11451-1 Road Vehicles-Vehicle test methods 

for electrical disturbances from 
narrowband radiated 
electromagnetic energy- Part 1: 
General principles and terminology.  

-- 

12 ISO 11451-2 Part 2: Off-vehicle radiation sources No 
13 ISO 11451-3 Part 3: On-board transmitter 

simulation 
No 

14 ISO 11451-4 Part 4: Bulk current injection No 
15 ISO 11452-1 Component test methods for 

electrical disturbances from 
narrowband radiated 
electromagnetic energy-Part 1: 

No 
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General principles and terminology 
16 ISO 11452-2 Part 2: Absorber-lined shielded 

enclosure 
No 

17 ISO 11452-3 Part 3: Transverse electromagnetic 
mode (TEM) cell 

No 

18 ISO 11452-4 Part 4: Harness excitation methods No 
19 ISO 11452-5 Part 5: Stripline No 
20 ISO 11452-6 Part 6: Parallel Plate Antenna No 
21 ISO 11452-7 Direct radio frequency (RF) power 

injection 
No 

 
 
Scania as a premier vehicle manufacturer delivers vehicles which are designed 
and tested to be functional for a lifespan of a couple of decades. As a result, 
the electronic components are robust, expensive and they are thoroughly 
tested before serial production and placement on the vehicles. This procedure 
will ensure proper functionality for the whole lifespan of the vehicle. Thus, it 
will prevent future vehicle recalls which result to truly staggering costs to the 
manufacturers. The components that are currently used in the buses that 
Keolis drives are developed according to this principle. 
The scope of this master thesis is to examine whether it is possible to replace 
the expensive custom hardware components with cheap generic readily 
available hardware components. These components are not integrated with 
the vehicle, they are physically and function independent from the bus. There 
are no safety implications at all since they will be used for non-safety critical 
functions of the bus. In addition, the lifespan of these components is very 
short; for Keolis it is sufficient to be 3 years. The cheap readily available 
hardware components are physically and functionally independent from bus. 
Thus, high quality standards are not expected for these components.     
For the reasons above, while it is necessary to keep the overall cost low, it is 
obvious that the component cannot be tested under all the tests that a vehicle 
manufacturer company tests its products. The most important tests that 
should be performed for cheap components placed in a bus are climatic stress 
and vibrations. 
 

 Operating voltage, over-voltage, quiescent current, reverse polarity, 
short circuit protection, superimposed voltage ripple, electrical loads: 
Power will be delivered to the Raspberry Pi via Alfatronix USB charger, 
which is certified to fulfill the requirements according to ISO and IEC 
standards. 
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 Ageing, life length: For Keolis is sufficient a lifespan of 3 years for each 
component. Since technology is rapidly changing, employing a cheap 
component which can be replaced after 2-3 years allows having up-to-
date systems with the latest trend of technology.  

 
 Chemical resistance: Doesn’t apply, since it will be used in the interior 

of the bus. 
 

 Climatic stress: Tests should be performed regarding dry heat, cold, 
rapid temperature change, and damp heat. Salt, mist not applies here. 
Thus Raspberry Pi should be tested for severe temperature conditions 
that might be expected in the interior of the bus. 

 
 EMC protection emissions and immunity: Not possible to test. Lack of 

standards and infrastructure. 
 

 Mechanical loads, vibrations, free fall, external forces: Not possible to 
test. Funding for tests was not available. 
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5.1 Test Configuration 
In order to perform humidity and temperature tests, the Weiss WK11 – 
180/40 testing chamber was used at Department of Electronic Systems, KTH, 
Kista. 
 
 

 
 

Fig. 10: The Raspberry Pi inside the chamber 
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Fig. 11. The chamber with the door opened 
 

  
 

Fig. 12.  The chamber during testing 
 



45 
 
 
 
 

In order to check that the Raspberry Pi was operating normally under the test 
conditions, it was necessary to specify a test scheme that would show if any 
malfunctions were occurred during tests. 
A way to achieve this was to scan a barcode continuously with a specified time 
interval. The Datalogic Barcode reader has a variety of scanning features. 
Instead of the default trigger single scan mode, it can be programmed to a 
flashing scan mode. It this mode, the reader flashes on and off nonetheless the 
status of the trigger button. The flash ON time which specifies the ON time for 
the indicator LED in Flash mode. The default setting is 1 second. The flash 
OFF time specifies the OFF time for the indicator LED while in Flash Mode. 
The Flash off time was set to be 9.9 seconds. That means the barcode reader 
will scan every 9.9 seconds. A screenshot of readings is shown below: 
 

 
    Fig.13. Barcode readings as presented in the Website 
As seen in the picture above, each time the barcode reader flashes, the website 
prints the driving license number and the timestamp. The barcode reader 
flashes OFF every 9.9 seconds and flashes ON every 1 second. Each timestamp 
is compared with the previous one; the difference between two readings 
should be 10.9 seconds. For example the reading 7 is recorded at 21:36:32.60. 
The next reading, 8, is expected at 21:36:43.54. If it is correct, then the 
Raspberry Pi is working properly. For every minute, 5-6 readings are 
expected. In a test of 5 hours duration, it is expected to have 1800 readings. 
For ease of comparing, a reader should compare 10 readings at a time. 
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5.2 ISO 16750-4:2010- Climatic Loads 
 
This part of ISO 16750 defines the inherent environmental stresses and 
specifies tests and requirements confirmed for the specific mounting location 
in the vehicle. A number of tests are described in that part of ISO 16750. 
Below there is a description of the tests performed. 

5.2.1 Tests at constant temperature 
 
Low Temperature Tests 
According to 5.1.1 section, two low temperature tests should be performed, 
storage and operation test. The tests should be performed according to IEC 
60068-2-1.  
For storage test, the Raspberry Pi should be placed in the climate chamber for 
24h at the temperature of -40 Celsius. The Raspberry Pi must not connect to 
wiring harness, as the operating mode 1.1 implies. The test was performed 
under these conditions for 1h. After test, the Raspberry Pi was operated to 
check its status. It had a normal operation behavior, and the minimum 
functional status was achieved. It should be at minimum class C but class A 
was achieved.  
For operating test, the Raspberry Pi should be placed in the climate chamber 
for 24h at the minimum operating temperature, which was decided to be -40 
Celsius. The Raspberry Pi should be electrically operated at typical operating 
mode. The supply voltage was not 24V as the standard provides but 5V, which 
is the operating voltage of Raspberry Pi, provided by the charger. The test was 
performed for 1h. During the test, the Raspberry Pi was performing well, 
fulfilling the requirement for functional status of class A.  
 
High Temperature Tests 
According to the 5.1.2 section, two high temperature tests should be 
performed, storage and operation test. The tests should be performed 
according to IEC 60068-2-2, test B.    
For storage test, the Raspberry Pi should be placed in the climate chamber for 
48h at a temperature of 85 Celsius, at operating mode 1.1, as defined in ISO 
16750-1. The test was performed for 1h. After the test, the plastic case around 
the Raspberry Pi was distorted. This is a failure mode of the plastic case, 
because of insufficient heat resistance [Appendix B, Fig. 1]. On the other hand, 
the Raspberry Pi was performing well. The functional status of class C was not 
fulfilled, since the distortion of the case was permanent and could harm the 
Raspberry Pi. Instead, the functional status was of class E, which means the 
plastic case should be replaced. 
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For operation test, the Raspberry Pi should be tested at the maximum 
operating temperature, for 48h. Since the maximum operating temperature 
was unknown, it should be investigated experimentally. The Raspberry Pi was 
set in operating mode 3.2 at a temperature of 100 Celsius. After 10 minutes, 
the temperature was increased to 110 Celsius. After 10 minutes, the 
temperature increased to 120 Celsius. During the interval of 110 to 120 
Celsius, the Raspberry Pi stopped working. Then the temperature was set to 
85 Celsius. During the decrement of the temperature, the Raspberry Pi was 
not responding. The temperature was decreased to 60 degrees and the 
Raspberry Pi still not responded. When the power was turned off and on, it 
responded. The above procedure was repeated once again. During the 
decrement of the temperature from 120 to 85, the power was turned off and 
on several times. At 90 Celsius the Raspberry Pi responded. Thus, it was 
decided that the maximum operating temperature should be 100 Celsius, with 
a safety margin of 15 Celsius. Then the operation test was performed again for 
1h at the temperature of 100 Celsius. The Raspberry Pi performed well. The 
required functional status of class A was fulfilled. 
 

5.2.2 Temperature Cycling Tests 
 
Temperature Cycle with specified change rate 
This test simulates the electrical operation of the Raspberry Pi under varying 
temperatures. It is performed in accordance with IEC 60068-2-14, test Nb. 
The Raspberry Pi was placed in the chamber, at room temperature, 20 Celsius.  
The temperature was then decreased, with a rate of 2.5K/min, reaching the 
Tmin = -40 Celsius in 24 minutes. The Raspberry Pi was operated and it was 
functioning correctly. The temperature remained at -40 for 30 minutes and 
then it started increasing with a rate of 2,5K/min until it reached 20 Celsius, 
within 24 minutes. Then the temperature increased with a rate of 3K/min 
until it reached 100 Celsius, within 27 minutes. Finally, the temperature 
remained at 100 Celsius for 30 minutes and then it was decreasing with a rate 
of 2.5K/min until it reached 20 Celsius, within 27 minutes. During all the 
testing period, the Raspberry Pi was functioning normally. Although the 
maximum temperature Tmax is 115 Celsius, the test was performed with a 
maximum temperature of 100 Celsius, having a safety margin of 15 Celsius. 
The functional status was class A.  
The test was repeated for 2 cycles. Each cycle had duration of 162 minutes. 
The standard specifies 30 cycles with the duration of each cycle to be 480 
minutes. In addition the amount of time that the temperature remained 
constant was less than the time specified by the standard. This was decided 
because the size of the Raspberry is small and it can acquire the desired 
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temperature faster. In addition the testing procedure would be time and 
energy consuming. A basic investigation is performed for the needs of the 
master thesis. The Raspberry Pi was at operating mode 1.1 (ISO 16750-1) 
during the temperature cycling test, except 2 time intervals, as seen in fig.1, 
Appendix A.  
 

5.3 IEC 60068- Environmental testing 
 
Part 2-30: Test Db: Damp Heat, cyclic. 
This section of IEC 60068 [26] describes the tests that should be performed in 
order to determine whether components and electronics equipment are 
capable for use, transportation and storage under conditions of high humidity 
in combination with cyclic temperature changes which lead in the appearance 
of condensation on the surface of the Raspberry Pi.  
Initially, a stabilization period was necessary for this test. The Raspberry Pi 
was placed inside the chamber at 25 Celsius and 75% relative humidity. This 
stabilization period took 1h. Then, the temperature remains 25 Celsius and the 
humidity increased at 95%, for 30 minutes. Fig.2, Appendix A. 
According to the part 5.2 of IEC 60068-2-30, there are 2 severities for the 
upper temperature. For this test, it was selected the severity of 55 Celsius. Also 
the variant 2 was selected for this test. After the initialization period, the test 
had the pattern as shown in the picture above. Instead of 24h, the test was 
performed for duration of 3h. First, the humidity was 95 %, as set at the 
stabilization time and the temperature increased from 25 to 55 Celsius, within 
30 minutes. Next, the temperature remained 55 Celsius and the humidity 
decreased to 90% for 1H. Next, the temperature decreased from 55 to 25 
Celsius and the humidity remained at 90% within 30 minutes. Finally, the 
temperature remained at 25 Celsius and the humidity increased at 95%, for 
duration of 1 hour. Fig.4, Appendix A.       
After the testing period, a recovery period is necessary. In this case, recovery 
should be made at standard atmospheric conditions for testing. The relative 
humidity was reduced to 75% and the temperature was increased to 30 Celsius 
within 1 hour. Fig.3, Appendix A. 
During the damp heat cyclic test, no malfunction was observed at the 
operation of the Raspberry Pi. 
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5.4 Power Supply of Raspberry Pi inside the Bus 
 
During the implementation of the application, Raspberry Pi was powered by a 
wall USB charger which had output 5V/2.1A. When it comes to supply the 
Raspberry Pi with power inside the bus, it is necessary to employ a DC to DC 
power converter.  A common solution for 24 VDC to 12 VDC conversions that 
Keolis uses in the buses comes from Alfatronix. Alfatronix develops converters 
and power suppliers for communications, automotive and marine industries. 
For the scope of the project, a product from the same company is suggested, 
Powerverter USB. [33]. It can be connected directly to 24VDC of the bus, 
without any adjustment needed. According to its datasheet, it is designed 
according to BS EN50498 and ISO7637-2 and it has the CE and E mark for 
commercial on board vehicle installations.   
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6 Results and future Work 

6.1 Conclusions 
The goals of this project were to implement an application for the selected 
single board computer, to test the single board computer according to IEC and 
ISO standards and evaluate the functionality of the whole system. The driver 
identification application worked correctly, scanning many different types of 
barcodes and presenting them on a website. When it comes to testing, the 
Raspberry Pi was tested for environmental loads such as temperature and 
humidity. From the results it can be derived that the Raspberry Pi can 
perform well in the range of -40 to 100 Celsius. In temperatures more than 
100 Celsius it becomes unstable and the quality of the service is not 
guaranteed. According to the humidity testing, it can perform well under high 
humidity values. As a result, the Raspberry Pi can be placed in the passenger 
compartment of a vehicle, where temperatures less than 100 Celsius are 
expected. On the other hand, it is not suggested to mount a Raspberry Pi in 
the engine compartment due to the high temperatures. Integrated Circuits 
operation is affected at high temperatures. This happens due to the increased 
leakage current of the transistors consist the IC. When the leakage current 
reaches a level where the switching voltage of the IC is affected, the signals 
won’t transmit suitably in the chip. Thus, it will stop working. Usually the 
proper operation of the IC recovers, when the temperature decreases.  
Another fact to consider is the complexity of the applications that the 
Raspberry Pi will employ. The driver identification application which was 
implemented in this master thesis is a simple application, which demands 
very few processing power. That means the Raspberry Pi processor won’t 
overheat. In case that a demanding complex application will be employed in 
the Raspberry Pi, overheating of the processor is expected. That means the 
Raspberry Pi won’t perform well at temperatures around 100 Celsius because 
it will be already overheated. In that case, Raspberry Pi should be operated at 
lower temperatures, around 70 Celsius, to ensure proper functionality.     
 

6.2 Limitations 
This project is examining the performance of the Raspberry Pi only. The other 
compartments of the system such as the Ethernet Switch, the barcode reader, 
the power suppliers, the cables are considered to be certified. 
The vehicle environment has many vibrations. A vibration test was necessary 
to be performed. Unfortunately this was not performed because the vibrations 
testing facilities of KTH are not free to be used by the student. Instead, it was 
necessary to pay 1000 SEK/hour to perform the vibrations testing. Since there 
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was not any founding from the Electronics Department for external tests, the 
vibrations testing was not performed.  
In addition, the access to the ISO/IEC standards was difficult. These 
standards cost more than 1000 SEK each and it was not possible to get them 
for free. The library of KTH was able to provide some of them, due to financial 
shortage. As a result, some tests were difficult to be performed since even 
there was access to a standard; a test was referring to many other standards. 
Finally some infrastructure malfunctions resulted to time delays. 
  

6.3 Future Work 
A major test for equipment mounted on a vehicle is the vibrations test. The 
ISO 16750-3 (Road Vehicles-Environmental conditions and testing for 
electrical and electronic equipment-Part 3: Mechanical Loads) describes the 
inherent environmental stresses and defines tests and specifications 
recommended for different mounting locations of the specimen in or on the 
vehicle. In addition, the IEC 60068-2-64 [27] deals with broadband random 
vibration testing designed for general application to various equipments 
which may be exposed to vibrations of stochastic nature. This standard 
contains methods and techniques that are based on digital control of random 
vibration. Broadband random vibration may be used to diagnose accumulated 
stress effects and the resulting mechanical weaknesses and degradation in the 
specified performance.    
It should be examined what are the possible consequences on the Raspberry 
Pi when operating in the vibrating environment of the bus. Initially, it was 
designed to be an educational device for students and then it was advanced to 
a cheap computer, mainly for home use. That means it in intended to be used 
in solid static environments. Since the bus environment is vibrating, problems 
may occur.  
The main concern is about the cables that are connected to the board. As seen 
in the configuration, Raspberry Pi is connected to Power Source through a 
micro USB. In addition the barcode scanner is connected with a USB to the 
board. Moreover, the board is connected to the Ethernet switch with an RJ45 
cable. It is possible that the vibrations may cause the disconnection of one or 
more cables that will lead to the termination of the function performed by the 
Raspberry Pi. To prevent this malfunction, possible solutions should be 
proposed. One possible solution is to mount the cables in parallel with the 
board and consolidate them with screws or insulating tape. 
Till now, the system was tested in a laboratory. For real-time operation, the 
system shall be placed inside the cabinet in the passenger compartment of the 
bus, connected to the vehicle network and test the driver identification 
application. This involves cooperation with the backend department of Keolis.   
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Watchdog 
Raspberry Pi is a home electronic device. It was not designed to perform 
continuously for indefinite time. As a result, it is observed that after two or 
three days of continuous operation it freezes. In order to recover, it is 
necessary to reboot. Since it is not possible to know when the Raspberry Pi 
freezes, an automated way of rebooting should be implemented. On the 
occasion that severe problems are observed, Linux kernel can reset the 
system. This can be achieved by certain watchdog hardware or software. In 
both implementations, a daemon needs to inform the kernel that the system 
works fine, otherwise the system is reset.    
Linux includes the watchdog function [32]. It is a daemon which opens the 
directory /dev/watchdog and writes to it at least once per minute, to avoid 
resetting of the kernel. Each time there is writing to the directory 
/dev/watchdog, the reboot is postponed for another minute. If there is no 
activity for more than a minute, the watchdog hardware will fire up the reset. 
The software watchdog depends on the state of machines and interrupts to fire 
up a reset. This is the explanation why it is not as reliable as the hardware 
watchdog.   
 
 
Industrial Linux Single Board Computers 
In case those Raspberry Pi units employed in the bus need to be replaced 
frequently due to malfunctions, it will be necessary to search for more 
effective solutions. Advantech, Axiomtek, Eurotech, Acrosser to name a few, 
are companies that produce industrial single board computers that are 
suitable for demanding applications and environments, such as the bus 
environment.  
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Appendix A 

 

Fig. 1. Temperature cycles with specified change rate. ISO 16750-4 

 
Fig. 2. Test Db- Stabilizing Period. IEC 60068-2-30. 
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Fig. 3. Test Db-Recovery at controlled conditions. IEC 60068-2-30. 

 
Fig. 4. Test Db-Test Cycle-Variant 2. IEC 60068-2-30. 
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Appendix B  

 
 

Fig. 1.The distorted plastic case. 
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