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Abstract 
Today there are more cars on the road than ever before, the automotive industry is continually 
expanding and adapting to meet the need of new technologies. To improve complexity management 
and reduce engineering time and cost Automotive Open System Architecture, better known as 
AUTOSAR, has been introduced which aims to standardize Electronic Control Units (ECUs).  
 
Today the AUTOSAR standardization is used for the automotive industry, the purpose of the thesis 
is to investigate whether the standard can be used for something which has no direct connection to 
the automotive industry. The work done in the report is giving background information about 
AUTOSAR and the project is using AUTOSAR to visualize real-time data from the web on a 
LED-sheet. In this project a physical visualization board has been created and the code was written 
within the integrated software development environment Arctic Studio and its tools, the 
visualization board will be used at the ARCCORE office in Linköping.  
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Sammanfattning 
Idag finns det fler bilar på vägarna än någonsin tidigare, fordonsindustrin expanderar ständigt och 
anpassar sig efter behovet av ny teknik. För att förbättra komplexitets hanteringen och minska 
tillverkningstider och kostnader så har Automotive Open System Architecture, närmare känt som 
AUTOSAR, införts som har målet att standardisera elektroniska styrenheter (ECUn).  
 
Idag används AUTOSAR-standardiseringen för fordonsindustrin, vad projektet kommer att utforska 
är att se om man kan använda standarden för något som inte har någon direkt koppling till 
fordonsindustrin. Rapporten ger en förklaring om AUTOSAR, i projektet så används AUTOSAR 
för att visualisera realtidsdata från webben på en LED-karta. I detta projekt har en fysisk 
visualiseringstavla skapats där kod skrevs inom den integrerade mjukvaruutvecklingsmiljön Arctic 
Studio, visualiseringstavlan kommer att användas på ARCCOREs egna kontor i Linköping.  
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1 Introduction 
This chapter describes the company’s background and the project that was done. The project’s 
purpose, delimitations and requirements are also defined here. 

1.1 Company 
 
This project is done with the help of ARCCORE AB in Sweden, Linköping. ARCCORE is a 
Swedish company founded in 2006 with their head office at Gothenburg. The company has 
subsidiaries in Linköping, Munich, Bangalore, Palo Alto and Shanghai. The company is a leading 
provider of state-of-art products and services for the embedded systems market. Based on a solid 
expert knowledge in real-time platforms.  
ARCCORE develops and markets products for the software industry enabling their customers to 
develop innovative solutions in a faster and more cost-efficient way [1]. 
 
1.2 Project 
 
ARCCORE wants to investigate whether Classic AUTOSAR can be used to display data from the 
web or sensor data, in a visual way. In this project the information, that are gathered from any type 
of source that was mentioned, are displayed on a set of LED strips in the form of letters and/or 
digits, that are adjusted according to the incoming data. This task is accomplished by an ECU, 
which has the responsibility of processing incoming data, and translating that data, so that it can 
display it on the LEDs. The incoming data are collected from either a PC, the internet or a sensor 
via the corresponding API, that data is then passed directly to the ECU through a CAN connection.  

1.3 Purpose 
 
AUTOSAR was designed and created by a partnership of a group of automotive interested parties. 
Its main purpose of creation was to establish an open and standardized software architecture for the 
automotive industry. The purpose of this thesis is to investigate how well AUTOSAR can be 
utilized outside the automotive industry. 

1.3.1 Research Questions 
For the project we have chosen to focus on two research questions: 
 

● Is it possible to implement AUTOSAR standards on devices that has no direct relation to the 
automotive industry? 

● How well does AUTOSAR perform for a system with no direct relation to the automotive 
industry? 

1.3.2 Delimitations 
This project could have been extended into an infotainment display using Adaptive AUTOSAR. 
Infotainment systems can be used to inform consumers about their vehicle's functions by providing 
real-time data. It can also offer high-profile features that can be found on today’s smartphones [2]. 
To do this using Adaptive AUTOSAR would require a considerable amount of time. It could 
instead be further developed in the future, when there are no short time constraints. Therefore, this 
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project been limited to the use of only Classic AUTOSAR.  

1.4 Requirements 
 
The plan for the project was for a sensor to read input data from physical moving parts, an idea was 
to make a system which would count cars on the road and then display some kind of information on 
the LED-sheet. The sensor part would be held as the lowest priority since this was an idea which 
could be implemented if there was any time over. 

1.4.1 Requirement List 
 
The list consists of requirements that are divided up in different priority levels. The high priority is 
what needs and should be managed during the project weeks.  

High priority: Green 
Medium priority: Orange 
Low priority: Red 

● The ECU must be programmed according to AUTOSAR standards. 
● The ECU must run without bugs or crashing. 
● The system should be easy to adapt depending on the kind of data one wants to take in. 
● Have a static dataset that can be easily translated to visual data by the ECU. 
● The LEDs are updated according to the incoming data. 
● The ECU can receive live datasets from a PC via a CAN-bus. 
● The ECU must receive live datasets via an Ethernet cable. 
● Control the LEDs with Digital I/O on the ECU. 
● Physical moving parts are used to represent live datasets e.g. sensors. 

 

A validation of the requirements can be seen in figure 1.4.1.1. The chart also shows in which order 
the validations are done. The ECU-coding validation is supposed to be done as a process during the 
whole project.  
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Figure 1.4.1.1. Shows how the validation on our requirements will be performed. “Validation of” is what 
part we will do the validation on. “How we validate the requirement” describes how we will approach the 

validation. “Result” describes the expected behavior of the validation. 

 

1.5 Work distribution 
For the project the method XP has been used, where we basically did all the programming in pair, 
most of the tasks had to be done in pair. There was some divided work, like one working on the 
soldering station with the LEDs and the other one was writing on the report. We decided not to 
divide the work all too much since most of the tasks we did needed discussion between us on how 
we would like to do it.  
 
The work was basically divided equally. If one of us did a lot of programming and the other one 
was watching the code writing and commenting, the next day we switched up with the one 
programming taking the role of watching the code writing while the other one was programming. 
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2 AUTOSAR and Components 
 
This chapter introduces the definition of AUTOSAR, it also explains AUTOSAR’s infrastructure, 
ECU and lastly the CAN communication frame is explained.  
The ECU and CAN are typical components used for execution and communication of specific tasks 
within the automotive industry, seen in figure 2.1 These components have also been used for this 
project. 
 

 
Figure 2.1 Illustration of a car top down that shows an example of the construction inside a car using ECU 

and a CAN-bus. 
 
2.1 AUTOSAR Definition 

 
The AUTOSAR is a standardization within the automotive industry. In August 2002 the kick-off 
team was established where initial discussions were held by BMW, Bosch, Continental, Daimler 
Chrysler, Volkswagen which were soon after joined by Siemens VDO. [3] 
Today the partners consist of BMW Group, Bosch, Continental, Daimler, Ford, General Motors, 
PSA Group, Toyota, Volkswagen Group. [4]  
The standard describes a reference architecture for the software of ECUs. [5] 

 

2.2 ECU Definition 

 
A modern vehicle today depends more and more on electronic controls, the electronic components 
are assembled in modules with requirements for electrical, mechanical and chemical environments. 
The electronic controls penetrated the automobile industry from the 1970s [6]. 
The number of ECUs in high-end vehicles are increasing where today’s cars can be equipped with 
up to 120 ECU’s and in other cases even more [7]. 

2.2.1 ECU functionality 
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Development within the automotive industry is increasing every day. The so-called ECUs are 
increasing in parallel along with the development of the cars. For the autonomous driving mode 
many features are needed for the automobile, one of which is the Electronic control unit, which is 
commonly abbreviated as ECU. [8] 
 
Implementation of many ECUs results in high overhead communication [8], the overhead 
communication consists of message exchanges within the local network where all the nodes in the 
network act as certification servers. [9]. 
 
ECUs are used to collect data from different sensors and to control a broad range of automobile 
functions - powertrain, entertainment systems, brakes, power steering and lightning. For the system 
to work, different bus networks must be used, for fast networks CAN and FlexRay buses are 
critical. Gateway ECUs are needed to read and write between the different buses and manage 
protocol conversions [7]. 

2.2.2 Workflow  
An AUTOSAR-Methodology as seen in Figure 2.4.1 is introduced which describes how to get 
executable code for the ECUs, the work product flow is stored in XML-files. The Methodology 
consists of the System View, ECU View and the Component View.  
Briefly explained, The System view contains descriptions about the Software components, here also 
configuration happens which are then assigned to a certain ECU.  

in the ECU View a linking of objects files results in an executable program. Basically, in the ECU 
View configurations means selecting and configuring the modules of the Basic Software that are 
needed to realize the configuration and functionality of the task scheduler.  

Component View provides an object file (as binary code) for the ECU View, which helps the ECU 
View generate an executable program with its component related templates.[5] 

 

 

 

 
Figure 2.4.1. The AUTOSAR-Methodology with the connections between System View, ECU view and 

Component View. 

2.3 AUTOSAR BACKGROUND  

 
AUTOSARs aims is to improve complexity management through increased reuse and 
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exchangeability of software modules, it also aims to standardize the software architecture of ECUs 
[10]. 
The ECUs today implements functionality of augmenting electromechanical systems. The control 
software is often designed and implemented for the target vehicle and does not change 
fundamentally during vehicle lifetime [11]. 
Before the AUTOSAR standard software and hardware were highly dependent of each other, 
illustration of the dependencies can be seen in figure 2.5.1.  

The AUTOSAR architecture consists of several abstraction layers for the software of an ECU, 
AUTOSAR Layered Software Architecture: Application related Code (Application Layer), 
Run-Time Environment (RTE), Hardware related Code (Basic Software, BSW) and the 
ECU-Hardware (Microcontroller) [14]. 

The purpose of AUTOSAR is to make the hardware and software independent from each other, 
reduce development time and costs, the reuse of software enhances quality and efficiency [10]. 

 
Figure 2.5.1. In Figure (A, the hardware and software are dependent on each other, in Figure (B, 

the AUTOSAR-standard layers are not dependent on the hardware. 

2.3.1 The AUTOSAR Standards  
 
Within AUTOSAR there are two standardized software platforms - Classic and Adaptive which can 
be seen in figure 2.6.1 [10]. This project will focus more on Classic AUTOSAR. 
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Figure 2.6.1. In Figure (An AUTOSAR Classic and its layers. In Figure (B AUTOSAR Adaptive and its 

layers. Libraries are collections of functions for related purposes, BSW-modules, RTE, SWC, libraries or 
integration code. 

2.3.1.1 Classic Platform 

 

Technical characteristics of the Classic platform: [10]. 

● Based on OSEK. 
● Execution of code directly from ROM. 
● Same address space for all applications (MPU support for safety). 
● Optimized for signal-based communication (CAN, FlexRay). 
● Fixed task configuration. 
● Specification. 

 

2.3.1.2 Adaptive Platform 

  
Technical characteristics of the Adaptive platform: [10]. 

● Based on POSIX (Portable Operating System Interface). 
● App. is loaded from persistent memory into RAM. 
● Each Application has its own (virtual) address space (MMU support). 
● Service-oriented communication. 
● Support of multiple (dynamic) scheduling strategies. 
● Specification and code. 

 

2.4 Software Components  
 
The Software components (SWC) is the smallest component in the model and consists of ports, 
internal behavior and functional implementations. The components can be found in the 
Application-, RTE- and BSW layer. The ports are used to connect one SWC to another SWC. The 
ports are also used to transmit data between the different software components or the RTE. The 
basic types of ports found on SWCs are PPort (provider port), Rport (require port) and a PRPort 
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(provide require port).  
 
The functional implementation of a software component is known as a runnable. The software 
component usually contains one or more runnable, which in turn contains a sequence of 
instructions. Runnable look just like normal functions and has the function of describing the 
behavior of a SWC. The SWC code carries out an application but it can also be used to carry out a 
part of an application.  
 
AUTOSAR consists of several types of Software Components, in this project only Composition 
SWC and SWC Connectors are used.  
 
Composition is used to encapsulate one or more SWCs. Composition SWC can just like a normal 
SWC have ports, which takes and/or sends information. The connections usually come from the 
outside and then via a port on the composition to a SWC inside the composition, The Connectors 
object represents a connection between two ports on the SWCs. Figure 2.8.1 shows the connection 
of composition SWCs with Connectors. 
 
Other SWC’s are Application SWC, Sensor/actuators SWC, Parameter SWC, Service proxy SWC 
and many more [12]. 
 

 
Figure 2.8.1. An illustration of a composition-object with two software components with connectors.  

 

2.5 AUTOSAR Infrastructure 
 

As mentioned before the AUTOSAR architecture consists of several abstraction layers for the 
software of an ECU. 
The BSW layer is further divided in four layers, Services Layer, ECU Abstraction Layer, 
Microcontroller Abstraction Layer and Complex Drivers [5] shown in figure 2.9.1. 
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Figure 2.9.1. Illustration of the AUTOSAR-model with the BSW divided into four layers of its own. 

 
The goal of AUTOSAR is to abstract hardware components. The layers provide functionality 
upwards, meaning, that the microcontroller provides functionality for the BSW and the BSW 
provides functionality for the RTE and so on. There are several benefits with the layered 
architecture, one of them is that if an error occurs in one layer there is only need of correction in 
that layer and not all of them [5]. 

2.5.1 Application Layer  
An Application Layer is composed of interconnected atomic application software units, which are 
the Software Components. Each SWC in this layer encapsulates full or partial automotive 
functionality and behavior required for an ECU [15].  

2.5.2 Run-Time Environment 
The Run-Time Environment (RTE) task in the architecture is to provide services and resources that 
enables communication between different SWCs.  There are two types of communication within the 
RTE. An inter-ECU communication is a communication between SWCs that are mapped on the 
same ECU. The intra-ECU communication is done with the help of e.g. CAN, LIN, FlexRay, etc. 
The RTE accomplishes its task when it makes a SWC independent from the ECU on which they are 
mapped to. SWCs are dependent on the application that it is attached to, which means that the RTE 
must be adapted for the specific ECU. This is achieved by ECU-specific generation and 
configuration, and thus the resulting RTE will be distinct compared to other RTEs in other ECUs 
[16]. 

2.5.3 Basic Software  
The BSW as mentioned before consists of four layers of its own as seen in figure 2.9.1. 
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● Service Layer:  

The Service Layer provides basic services and basic software modules for applications. The Service 
Layer is the top layer of the BSW, it provides functions to the Operating system, vehicle 
network communication and management, memory service, diagnostic service and ECU 
management [17]. 
 

● ECU Abstraction Layer:  

The ECU Abstraction Layer makes the upper software layer independent of ECU hardware layout. 
It holds an interface with the Microcontroller Abstraction Layer providing access to 
peripherals and devices, it also provides API for interfacing with the microcontroller [17].  
 

● Microcontroller Abstraction Layer:  

The Microcontroller Abstraction Layer has direct access to the on-chip microcontroller peripheral 
modules and external devices. It also makes the upper software layer independent of the 
microcontroller [17]. 
 

● Complex Drivers Layer:  

The Complex Drivers Layer is used to operate complex sensors and actuators, it fulfills their 
functions and timing requirements. The layer accesses the microcontroller directly and 
connects the hardware to the RTE [17].  

 
 

2.6 Controller Area Network 
The controller area network or more commonly known as CAN, was developed by BOSCH as a 
multi-master, message broadcast system. CAN was originally developed and used for the 
automotive industry, but it is also used in aviation, robotics, and more. A CAN network broadcasts 
many short messages to the entire network, unlike traditional networks such as Ethernet or USB, 
where they instead send large blocks of data from a point to another point. One of the benefits with 
CAN is that it allows for data consistency in every node of the system. There are two types of CAN 
frames in the ISO 11898 standard, Standard CAN and Extended CAN [18].  

 

2.6.1 Standard CAN frame 
The bit fields in figure 2.10.1 [18] are : 
 

● SOF - Start of Frame bit marks the start of a message and is used to synchronize the nodes 
on a bus. 

● 11-bit Identifier - This bit defines the priority of the message. The lower the binary value, 
the higher it is prioritized. 

● RTR - Remote Transmission Request bit is used when information is required from other 
nodes. 

● IDE - Identifier Extension bit indicates Standard CAN frame is being transmitted with no 
extension. 
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● r0 - Reserved bit for possible future use. 
● DLC - Data Length Code indicates how many bytes are transmitted over the CAN bus. 
● Data - Up to 8 bytes of application data can be transmitted. 
● CRC - Cyclic Redundancy Check contains the checksum of the preceding application data 

for error detection. 
● ACK - Acknowledges contains 2 bits, the dominant bit indicates whether an error-free 

message has been sent, the other one is a delimiter. 
● EOF - End-of-Frame marks the end of a CAN message. 
● IFS - Interframe Space contains the time required by the controller to transmit data to the 

destination buffer area. 
 

 
Figure 2.10.1.1 Standard CAN frame 

2.6.2 Extended CAN frame 
The Extended CAN frame is the same as the Standard frame with the addition of three frames, as 
shown in figure 2.10.2.1 [18]. 
 

● SRR - Substitute Remote Request replaces the RTR bit in the Standard CAN frame location 
as a placeholder in this format. 

● IDE - A recessive bit in the identifier extension marks that the identifier bits is extended to 7 
more bits. 

● r1 - An additional bit is reserved in this frame. 
 

 
Figure 2.10.2.1 Extended CAN frame 
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3 System Architecture 
This chapter brings up which components there are in the system, what their roles are, and how they 
communicate with each other. 
 
In this project, three major components are used as seen in figure 3.1 The first one is the source of 
input data. The input data in this project are fetched from the internet through its corresponding API 
to a PC. The data that has been collected are transmitted through a CAN bus to the next component 
in the system, which is an ECU. The ECU will process incoming data and send the information 
through to the last component, the LEDs. The LEDs task is to display the information it has been 
given, in the form of scrolling letters and/or digits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.1 High level abstraction of the system. 
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4 Methods and tools 
In this chapter, the methods, libraries, APIs, tools, hardware and software that were used for the 
system/project is brought up and explained here. 

 

4.1 Methods 
For the project mostly extreme programming (XP) was used where we worked in pairs, 40h 
workweek, easy design, Testing, refactoring, mutual code owning and following coding standards 
[20]. The other workers in the office worked with the Scrum method where we took part in their 
daily meetings.  
 
The reason we chose to work with the extreme programming method was basically because XP 
focuses mostly on actual programming practices while Scrum focuses on management and 
organization practices - they address different areas and complement each other [21]. 
 

4.2 Programming language and libraries 
 

The programming language that was used to program the ECU was C. To follow AUTOSAR 
standards, the ECU is programmed as a software component, also called a runnable, which has the 
task to only control how the LEDs should output incoming data. The ECU transmits data to the 
LEDs through a SPI bus, that requires some SPI libraries that are programmed according to 
AUTOSAR standards to be used. Standard libraries that are given in C such as string.h and stdlib.h 
were also used. 

 

The latest version of Python (3.7.3) were used to write a script, that could transmit data to the ECU 
through CAN communication. Kvaser Leaf Light v2 is a connector that connects a PC with a CAN 
bus. The Kvaser connector has a python CAN library interface called CANlib. CANlib can be used 
to both send and receive data. 

 

4.3 Tools 
Two computers with all the necessary software were provided by ARCCORE. Arctic Studio was 
the development environment used to develop and compile programs for the APA102 LEDs. 
WinIDEA was used to download the compiled programs to the MPC5748G (ECU) as a debugger.  
 
Version control was handled by Git, where all the source code was stored in ARCCORE’s bitbucket 
repository.  
 
Communication between the source data and the ECU was done with Kvaser Leaf Light v2, which 
is a cable that connects a computer to a CAN bus. The APA102 LEDs supports only SPI 2-wire 
communication. The SPI communication library that was used was provided by Arctic Core. 
 
To set up all 270 LEDs in a 30x9 matrix, Weller WHS 40 is a soldering station that was used to 
solder together the LEDs in the desired formation, and the wires required for a SPI communication 
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with the ECU.  

4.3.1 Software 

4.3.1.1 Arctic Studio 

Arctic Studio is an open source development environment created and maintained by ARCCORE. It 
is developed according to AUTOSAR standards. Arctic Studio is an IDE that is built on eclipse. 
Clients can with Arctic Studio create applications for the automotive industry with a 
component-based development.  

4.3.1.2 Arctic Core 

Arctic Core is a software package developed and maintained by ARCCORE. Arctic Core provides 
communication services, diagnostic services, safety services for an automotive ECU. It is based on 
AUTOSAR and enables re-use of software.  

4.3.1.3 WinIDEA 
A software tool that downloads built and compiled programs to microcontrollers. Can also be used 
for debugging purposes. 

4.3.1.4 Git 
Git is a free and open source version control system designed to handle everything from small to 
large projects. 

4.3.1.5 Jenkins 
Jenkins is an open source automation server software. It supports version controls tools, including 
Git.  

4.3.1.6 SPI 
Stands for serial peripheral interface and is mainly used for short-distance communication in 
embedded systems. 

4.3.2 Hardware 

4.3.2.1 MPC5748G 
A microcontroller produced by NXP used for development purposes. It is compatible with Ethernet, 
USB, CAN and LIN. 

4.3.2.2 Kvaser Leaf Light v2 

The Kvaser Leaf Light HS v2 represents one of the easiest and lowest-cost methods of connecting a 
computer to a CAN bus network. 

4.3.2.3 APA102 

APA102 is an RGB-LED with integrated microcontrollers produced by DotStar. APA102 uses 
generic 2-wire SPI for communication. 

4.3.2.4 Weller WHS 40 

Soldering station mainly used for hobby soldering. 
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5 Implementation 
This chapter describes how the whole system is implemented on a technical level. It also describes 
how parts of the system were tested. 
 
5.1 ECU 
The ECU is implemented according to AUTOSAR standards, which means that it is programmed as 
a software component i.e. a runnable. The ECU used in this project will only have one task, and that 
is to control the LEDs. Which results in that the ECU used for this project will have a single 
runnable.  
 
5.2 ECU communication with the LEDs using SPI 
The ECUs task is to process incoming data and translate it so that the APA102 LEDs can 
understand the data it has received. APA102 supports 2-bus wire Serial Peripheral Interface (SPI) 
communication. The two buses that can be sent are data and clock signal. The clock reads the data 
signal on a periodic basis. The data bus consists of frames that describes how bright one LED lamp 
should shine and which color it should display. As seen in the figure 5.2.1. the frames are given in 
blocks of 32 bits.  
 
To send an instruction to the APA102 LED, one would need to send a start frame, LED frame and 
an end frame. These three frames will be described more in depth. 

5.2.1 Start frame 

The start frame consists of thirty-two binary 0s, so its size is 32 bits. Like its name it indicates the 
start of a frame. 
 

5.2.2 LED frame 
The LED frame is where you specify how much brightness the lamp and which color it should have. 
The first three bits must always be 1. The following 5 bits are called the Global bit. The Global bit 
suggests how bright the lamp should shine. Values are varied from 00000 to 11111, where the 
former is the lowest possible brightness and vice versa. Last 24 bits are the colors on a BGR format.  

5.2.3 End frame 
The end frame has thirty-two binary 1s to indicate the end of a frame. 
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Figure 5.2.1 APA102 frame datasheet. 

 

 
The ECU transmits data frames periodically and continuously to the LEDs, telling the LEDs how to 
display data. This is done with the help of the AUTOSAR SPI library interface.  
Two functions are used to setup a channel and to transmit data, SetupEB() and Spi_SyncTransmit.. 
 
The line of code in figure 5.2.2 sets up a channel for the SPI bus. The first argument is the channel 
ID, the second one is a data buffer, which is an array filled with the data one would want to 
transmit. This is the data that should be formatted according to the APA102 LED frame datasheet as 
described above. The next argument is the data buffer that is read from the APA102 LEDs. Because 
the ECU will only send and not read data from the LEDs, this argument is NULL. The last 
argument is the length of the data to be sent and/or received. 
 
The function in figure 5.2.3 transmits data on the SPI bus synchronously. The transmitted data is the 
SrcDataBufferPtr that was specified in the function before. 

Std_ReturnType setupEBreturn = 

Spi_SetupEB(SpiConf_SpiChannel_SPI_CHANNEL, SrcDataBufferPtr, 
NULL, 8); 
Figure 5.2.2. Function to setup a channel for the SPI bus 

 

Std_ReturnType transmitreturn = 

Spi_SyncTransmit(SpiConf_SpiSequence_SPI_SEQUENCE); 
Figure 5.2.3 Function to synchronously transmit data to the SPI bus 
  

5.3 Testing ECU and LED communication 
To see if the hardware was working correctly measurements with PicoScope was made using the 
PicoScope 6 software which can be seen in figure 5.2.4. In the test red color was sent to two lamps 
and measured the clock and data at the same time. When measurements were made, comparisons of 
the visualization from PicoScope 6 and to the APA102 frame datasheet were made to see if the 
values were matched. 
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Figure 5.2.4 Measured data graph, where the red signals are data, and blue are clock signals. This figure shows 
how two red lamps with the lowest brightness are sent. 

 
 
5.4 Visualizing data on the LEDs 
The ECU visualizes data in the form of letters and/or digits. This means that all letters and digits in 
the alphabet is hardcoded LED by LED in a 30x9 coordinate system and stored in an array. This 
makes it easier to decode an input string and visualize it on the LEDs.  
 

void writeText(char* textString, int NR_OF_CHARS, int offset, 

LED_TYPE LEDS[WIDTH][HEIGHT], uint32 color){ 
for(int i = 0; i < NR_OF_CHARS; i++) { 

writeChar(textString[i], i, offset, LEDS, color); 

} 

} 

Figure 5.4.1 Function to write text on the LEDs 
 
 

void writeChar(unsigned char character, int indexOfChar, int 

offset, uint32 color){ 

for(int i = 0; i < charactersLength; i++){ 

uint8 x = characters[character-65][i][0]; 

uint8 y = characters[character-65][i][1]; 

 

if(!endOfChar(x, y)){ 

x += offset; 
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x += indexOfChar * CHAR_WIDTH; 

x += WIDTH; 

 

setColorAt(x, y, color); 

} 

} 

} 

Figure 5.4.2 Function to a write character on the LEDs 
 
 

 
Figure 5.4.3 Visualization of data on the LED-sheet. The figure illustrates a scrolling text. It starts on state 
1. After state 9 the visual data loops back to state 1. This means that the fixed character offset is changing 
continuously.  
 
 
5.5 ECU communication with the source/input data using CAN 
The ECU receives data from an input source using CAN communication. To send data to the ECU a 
Python script is executed with the help of functions from the CANlib library. The script gets data 
from an API based on what kind of data one wants to visualize, the data is then converted into 
ASCII code and sent to the ECU. One type of input source that was implemented was retrieving 
build and test data from Jenkins. The data was provided by ARCCORE’s own Jenkins server, where 
the employees builds, and tests of software are stored in. Jenkins Python API was used to acquire 
how many builds and tests were successful in a certain time period. To display other kinds of data, a 
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similar process can be used, where one would only need to have access to some sort of API. For 
example, if you would want to visualize real-time weather in a certain location, various APIs can be 
found on the Internet.  
 
Figure 5.5.1 shows partial code on how the string “Hello World” is transmitted through the CAN 
bus to the ECU. The string is divided into individual characters and each character is stored in a 
frame of eight bits as seen in the createAndSendFrame() function. The ECU will receive all the 
frames almost at the same time, which will cause a problem of separating each ASCII code from 
one another. Therefore, a unique character will be sent after each character to indicate that a new 
character will come. 

 
Figure 5.5.1 a script to send “Hello World” to the ECU 
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5.6 Test of CAN bus 
For the CAN communication measurements using PicoScope had to be made. When connecting the 
hardware altogether and sending (300) frames over the CAN-bus in Figure 4.4.1  CAN_H reaches 
approximately 3,75V and CAN_L goes down to approximately 1,2V. When both signals reaches 
about 2.5 V, the CAN bus signifies that it is on idle mode, meaning that nothing is being sent over 
the bus. 

 
Figure 5.6.1 Measured data from the software program PicoScope 6 when 300 frames are sent to the ECU. 

 
 
5.7 Test of ECU program 
Testing the code was done with unit testing, where individual functions were tested as short code 
fragments. Unit testing usually means separating test cases, that are independent from each other. 
Why unit testing was used some of the functions is to show that the individual parts are correct.  
 
For the test cases “mock.h” was created. A mock object holds the same interface as a complex 
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object, for example “Spi_SyncTransmit(Spi_SequenceType Sequence)” which is an SPI function in 
AUTOSAR.  
The more complex object can be hard to use in tests meanwhile a mock object can be manipulated 
to use an implementation which one can control in the tests.  
 
A “test.h” was created to run and print the results of the functions that was running as seen in figure 
5.7.1, while a “mock.h” was created to hold the “complex” functions seen in figure 5.7.2. The tests 
were executed in cmd where all the print statements were shown, seen in figure 5.7.3. 
 

 
Figure 5.7.1 shows the “test.h” file where two functions are implemented. testWritecharForWJ() prints out 

the width of our chars which are 5 for J and 10 for W, used for the LED sheet, using the function 
WriteChar() which is implemented in our program code. The testSyncTransmit(); tests if the transmit works 

as expected. 
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Figure 5.7.2 the Spi_SyncTransmit() function in “mock.h” which is run in “test.h.”. the return type of this 
function is a uint8.  

 
 

 
Figure 5.7.3 The print statements from cmd shows the outcome when running the functions 

testWritecharForWJ() and testSyncTransmit(). 
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6 Result 
6.1 Technical results 
 
The system built in the project is used to transfers data from Jenkins, an open source automation 
server which is written in Java. Jenkins which is a server-based system is sending notifications like 
False, Success, username, msg, number and so on.  
The automation server is used in the ARCCORE office with a Git plugin. The project which we 
have worked on is fetching the notifications like a client into our Python program, the client is 
listening every 60 seconds for a new notification from the server.  
The Python script is running all the time for the program to work as expected, the notification is 
further on sent to the ECU for it to be displayed on the LED-sheet. 
The Python script can be seen as a link between the server and the ECU, working as a gateway. The 
message fetched is forwarded to the ECU from the Jenkins server via the CAN-bus and the result is 
shown on the LED-sheet. As seen in figure 3.1 in the chapter System Architecture.  
 
With the help of the Arctic studio software we have been able to work with AUTOSARs functions, 
with C-programming a communication has been setup for the CAN, SPI and other necessary tools 
for taking and transferring data. Within the Arctic studio a system for letters and digits has been 
setup to be outputted to the right lamps in the LED-sheet to activate (glow).  
The letters and digits which are shown on the LEDs are moving in x-axis due to offset increase to 
the left, with its text length calculated depending on what one sends in, when the scrolling text is 
gone it will start sending again from right to left, as seen in figure 5.4.3 (previous chapter). The 
LEDs are also preprogrammed so that they glow in a speed of 2ms, this is the fastest speed we 
could get to, if we would stop the program in the middle of execution some errors of the digits are 
seen in figure 6.1.1. 
 

 
Figure 6.1.1. The arrows in B) illustrate how LED-sheet has been soldered together.  the State 1 is 
connected directly to the ECU. While running the program the letters/digits will move in a speed of 

2ms which from a person's view will look like the letters/digits are whole. In (B the program has 
been stopped during execution and one can see that the State 1,2,3 and 4 have moved one step more 

in offset then the other states. 
 
6.2 Usage and tweaking of the LED-display 
 
The LED-sheet will be up on the wall in the ARCCORE tools teams room showing everyone in the 
office the latest committed build and how many successful builds there have been. How the setup 
looks like can be seen in figure 6.2.1. For now, the program is being run on a pc, there may be 
changes where the ARCCORE personnel themselves swap the pc to a more suitable hardware like a 
raspberry PI.  
 

31 (40) 



 

 
Figure 6.2.1. Illustration of the ARCCORE tools room. LED-Sheet on the wall displaying the build 

succeed and there are 1 successful build. The server is outside the ARCCORE office. 
 
The function of the Python program is to fetch the notifications from the Jenkins server. In the 
project we are using three different notifications the system should look for, SUCCESS, passCount 
and failCount.  
The “SUCCESS” is used in an if-else statement, meaning if we find a SUCCESS in the latest 
committed build the LED-sheet will display “SUCCESSFUL BUILDS 1234” for example, where 
the 1234 are the passCount sent by Jenkins, which is how many builds were successful. If no 
SUCCESS is found we instead output “FAILED BUILDS 1234”, where 1234 are the failCount sent 
by Jenkins, figure 6.2.2 shows an example of what can be printed out and what color it will be 
displayed in. 
 

 
Figure 6.2.2 Illustration of how the output on the LED-sheet can look like. 

  
If one would like to add some other notifications they would have to code them into the Python file, 
choosing color on the text was done in our C-program meaning one would need to choose a color 
for the different message, default color for text and digits was red, background color was always 
white. 
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6.3 Discussion of the result 
 
The system is programmed to only take capital letters, the reason for this decision was mainly 
because small letters could not be read properly when printed out on our 30x9 LED-sheet. Mixing 
high-case and lower-case letters with digits would only make confusion, this could have been sorted 
out using a bigger LED-sheet but for the project this was not needed. 
 
Experiments were done on the LED-sheet, printing different colors, blinking and much more but for 
this we really had no use for when doing the implementation for the project. Hard coding all letters 
and digits was time consuming enough, if there was more time one could output very colorful 
messages. 
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7 Discussion 
7.1 Fulfillment of project requirements 
 
With the project finished we can see that not all requirements were fulfilled. During the 
implementation we realized some parts were harder to do than others, a lot of configuring within 
Arctic studio had to be done for the hardware to work properly. Our projects base was built on a 
AUTOSAR project called “HelloWorld” where the SPI, CAN, Ports and properties like baud rates, 
channels, data widths SWCs had been predefined which had to be tweaked for it to work for our 
own purposes, Figure 7.1.1 shows the BSW Editor in Arctic Studio.  

 

Figure 7.1.1 

 

The configurations part took longer than we thought, for the ECU to send data to the LEDs mostly 
led to hardware problems where we had to take a better look at the soldering and do measurements 
with a multimeter and PicoScope to see that the data actually got sent the right way.  

When deciding if we would use a CAN-connection or an Ethernet-connection comparison had to be 
made. With an ECU supporting both CAN and Ethernet we decided to send the data through CAN.  
A 1Mbps CAN provides a much higher framerate than a 10 Mbps Standard Ethernet/TCP/IP, the 
CAN provides a secure communication, for an Ethernet connection we would need to use a higher 
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protocol layer like TCP/IP to get a response if a sent frame has been discarded or not. With the 
CAN secure transmission, we are provided with the CAN protocol giving us a Collision-free bus 
arbitration, Multi- and Broadcasting, Response time limited by protocol software processing time 
and Data integrity[22].  

7.2 Desirable results 
 
The project was done as expected, we did not expect to finish all the requirements since we did not 
know much about AUTOSAR and we did not know how well the platform would perform with our 
project idea. Preparation for the project from our part and ARCCOREs part was well done, but 
when it came to hardware problems a lot of debugging had to be done.  
 
The result was what we discussed with ARCCORE in a meeting before we started working at the 
office. Using a sensor was the next step but using a sensor would not really display the information 
the office “needed”. Sending live data from their Jenkins server to the office LED-sheet was more 
interesting for the employees. 

7.3 Conclusions drawn from results 
 
That our project worked as expected on the AUTOSAR platform with no bugs is noteworthy since 
this proved both of our research questions.  
 
The first research question we had was “Is it possible to implement AUTOSAR standards on 
devices that has no direct relation to the automotive industry?”. A simple yes to this question can 
not be given considering how simple the system was due to only a single runnable being used. The 
system worked flawlessly with just the one runnable, but using more software components would 
for sure make this small program very messy and a lot of configurations would have been needed 
for it to work. If one would be to use AUTOSAR for a bigger more complex system which has no 
direct connections to cars probably conclusions could have been drawn. Using AUTOSAR for a 
bigger more complex system would give a more elaborated and accurate answer to the research 
question, since applying the AUTOSAR on a complex system utilizes and tests the limits of 
AUTOSAR. 
 
For the second research question “How well does AUTOSAR perform for a system with no direct 
relation to the automotive industry?”, performance for the system was good. As mentioned before, a 
lot of tweaking with the modules had to be done, since the program running on the AUTOSAR 
platform is a bit slower than the Python program, sleep functions were needed to time the data 
transferred over the CAN-bus. 
The performance of the system would probably have been even better if AUTOSAR had not been 
used for the project. Removing the abstractions from AUTOSAR could ensure us with airtight code 
and give us control of every aspect. 
 
Conclusion can be drawn that AUTOSAR works good for projects/tasks within the range we have 
worked with. The built in functions within AUTOSAR actually made a lot of stuff easy to do. By 
being able to use the layered architecture for our type of work tweaking of the ECU, can really give 
one full control of the system which is being programmed. As can be seen in Figure 6.1.1 the 
software we used was very clear on which component one would like to configure.  
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7.4 Social and environment implications 
 
The kind of project we have done is nothing new to the market, these kinds of signs can be found in 
supermarkets (Saying welcome) , train stations (Showing arrival and departure) and for many other 
purposes. What makes these other signs different from the one created in the project is that 
LED-sheet visualization sign is built upon the AUTOSAR-platform. If the project would further be 
developed into an infotainment system, which would be the end result of the project then it would 
have a lot more impact on the social, the environment and real-life aspects. 
 
Infotainment systems could not be found in vehicles a decade ago, since then it has become more 
popularized, due to owning a smart device has become more or less a standard these days. With 
vehicles being less controlled mechanically and more automatically, infotainment systems make it 
much more convenient and not to mention a whole lot easier to drive a vehicle. An example of a 
positive function in an infotainment system is rear-view cameras, which makes parking a lot less of 
a hassle. 
A negative implication of infotainment systems is that the system will likely have access to 
functions of the vehicle e.g. through a CAN bus, which implies that a vehicle can potentially be 
remotely controlled by a third-party device via hacking (drive by wire). 
 
As vehicles becomes more and more digitized the environment will have to suffer even more than it 
does now. Due to electronic equipment and devices being disposed and wasted in enormous 
amounts, infotainment systems will only contribute to that amount. The waste of electronics 
contains high amounts of a multitude of hazardous substances and chemicals that will be released as 
they are disposed of, the risks will have a negative impact on the global environment and most 
importantly us humans.  

7.5 Project development potential 
 
One of the requirements we had if there was more time, a sensor could be used which would read 
input data, for example reading temperature in the office and displaying the result on the 
LED-sheet. One could also have connected some kind of physical buttons for different purposes, if 
one read data from different sources the physical buttons can be used to control what kind of data to 
visualize on the LED-sheet, for this more functions would be needed within the code.  
 
This project can be further developed in the future into an infotainment display using Adaptive 
AUTOSAR, which are commonly used in vehicles nowadays. Many modern cars today usually 
have some type of infotainment system, but the biggest problem they run into is that it cannot be 
sufficiently used while driving a car. A solution to that problem is to implement a voice command 
in the system that can relay information the user wants to know, which means that the user can put 
all their focus on driving the car. Hopefully this project can be developed in a way that satisfies the 
biggest and most important issues that are found today with these systems. 
 
As for the project right now, it has a steady ground for it to be developed into more suited purpose 
depending on what the ARCCORE office would like it to display. 
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8 Reflections 
 
Seeing our results, we believe the goal of the course has been fulfilled. In the beginning we felt 
overconfident with the project since we have done similar projects before. Working with 
AUTOSAR gave us an understanding on how systems cooperate with each other on a higher 
abstract level. Hardware problems and code not operating as it should give us a good ground to 
stand on since debugging in the project was a big part. Following documentation guidelines and 
reading manuals for all the different parts in the project (LEDs, ECU, CAN) is the main reason the 
project got its good results. 
 
The courses we took in school like programmering grundkurs, programmeringsmetodik, real-time 
programming, digitalteknik but also system- och programvaruutveckling gave us a good ground to 
stand on diving into the project. A lot of things were familiar to us at the ARCCORE office 
because of these courses. Working practical in a real programming environment gave us a better 
and wider understanding on how one will work in real life. Mostly we worked with the 
programming language C in the project which for us was very convenient because this is the 
language we first learned and has been used back and forth throughout the whole of our school 
time.   
 
The project today is built upon AUTOSAR Classic, what would be the next step would be using the 
AUTOSAR Adaptive platform and learn more about that and its environment.  

8.1 Knowledge and understanding 
 
AUTOSAR is a big topic which require quite a lot of understanding, getting the grip on how 
everything works was a steep learning curve. The best practice was to read about AUTOSAR and 
its powerful tools while our project was being built on its platform, this gave us a good understand 
of it theoretically but more important practically since we could see and work with what we had 
read about. What we learned was that AUTOSAR was a big topic not many people know much 
about, for our luck there were plenty of manuals on AUTOSARs own homepage, plenty of articles 
written about it and even more information on company web pages like Vector. 

8.2 Skills and abilities 
 
For the theoretical part we chose to write about AUTOSAR and its functions, we chose to delimit 
ourselves explaining AUTOSAR on a lower level for people to understand what it actually is about 
meanwhile we worked with it to see if it would fit for our own project purposes. We have also 
chosen to write about ECUs and CAN since these are tools which are linked to the AUTOSAR 
topic. The documentation and articles about AUTOSAR were all on a pretty abstract level so for us 
the purpose was to make a summary of AUTOSAR which would make sense for people within the 
IT-industry.  
During our time at the ARCCORE office our supervisor and colleagues were very helpful 
explaining different methods on how to work in the AUTOSAR-environment, different articles and 
books were handed to us providing more information about the platform and its technical use.  
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