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Abstract 

Existing in-vehicle network technologies are becoming bottlenecks because of insufficient 

bandwidth. Automotive Ethernet is therefore being adopted more and more broadly due to 

increased demand for bandwidth-intensive applications, including autonomous driving, 

navigation and infotainment functionalities. Support of determinism, bandwidth allocation 

and prioritization of messages, which were not available before, are possible nowadays 

thanks to modern switches and the new range of IEEE standards. However, requirements 

applied for heavy vehicles like trucks and buses still require careful network design and 

deployment in regard to safety and robustness. 

 

In this thesis, we consider future use cases, and evaluate different configuration strategies 

on layer-2 switches via simulations. We evaluate the effect of the number of traffic classes, 

and the performance of stream reservation and traffic shaper. The goals are to investigate 

how they affect the network and to find the solution which leads to best-balanced Quality 

of Service. At the same time, efforts have been made for understanding what features the 

switches should include in order to support the configurations. The final outcome of 

configurations along with features on switches aims at acting as guideline to deploy 

Automotive Ethernet in the future.  
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Sammanfattning 
Dagens inbyggda nätverksteknologier i fordon blir alltmer en flaskhals på grund av 

otillräcklig bandbredd. Den ökade efterfrågan för bandbredd-intensiva applikationer med 

funktioner som autonom körning, navigation och infotainment har gjort att automotive 

Ethernet har börjat användas i större utsträckning. Tack vare moderna switchar och en ny 

uppsättning av IEEE standarder finns nu ett stöd för determinism, bandbreddsallokering 

och prioritering av meddelanden på en nivå som tidigare inte varit tillgänglig. Dock ställer 

kraven för tunga fordon likt bussar och lastbilar fortfarande en försiktigt samt noggrann 

nätverksdesign och en tillämpning ställt med hänsyn till säkerhet och robusthet.  

I den här tesen behandlas framtida tillämpningsfall samt utvärdering av olika 

konfigurationsstrategier på layer-2 switchar genom simuleringar. Vi utvärderar effekten av 

antalet trafikklasser, och prestandan på stream reservation och traffic shaper. Målet är att 

undersöka hur nätverksprestandan påverkas av dem, och att hitta lösningen som leder till 

bästa balansen för Quality of Service. Samtidigt har tid ägnats åt att förstå vilka funktioner 

switcharna skall inkludera för att stödja konfigurationerna. Det slutliga resultatet av 

konfigurationer tillsammans med funktioner i switcharna ämnar att agera som en riktlinje 

för att automotive Ethernet i framtiden. 
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Chapter 1 

Introduction 

 
Networks have become an essential part in our daily life. Without networks, 

communications cannot be convenient and easy as we have today. This is the same for the 

automotive industry. Even though a vehicle is seen as a whole from the outside, each one 

consists of many interconnected components, that altogether build up a communication 

network inside the vehicle. Such network enables different parts to exchange data and 

information and makes the vehicle operational. Take a private car as example, the gearbox, 

engine and instrumentation cooperate and ensure control of the car; lights, doors and seat 

belts are checked for safety; displays and speakers are synchronized and enrich driving 

experience, and so on. These are all done through an in-vehicle network, linking up each 

other and making it possible for them to communicate. Just as computer networking, the 

in-vehicle communication is also standardized, indicating that the components should 

know and follow specific protocols to transmit and receive data without 

misunderstandings.  

There exist multiple technologies for in-vehicle network. Among all of all them, Ethernet-

IP based communication is being adopted more and more broadly in the automotive 

industry, due to largely increased demands for bandwidth. Bandwidth-intensive 

applications like advanced driving assistance that contains greater number of cameras and 

radars, typically generates and handles massive data that meanwhile needs to be time-

stamped and delivered within deadline. At the moment, CAN (Controller Area Network) 

is mainly used in the automotive industry, however it has much less bandwidth than 

Ethernet, which makes it insufficient for use cases in the near future [1]. Ethernet is 

therefore an optimal alternative for in-vehicle network system. However, even though 

Ethernet offers superior bandwidth and other benefits, traditional Ethernet does not provide 
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essential support for automotive applications including determinism, bandwidth allocation 

and prioritization of data traffic. These requirements are possible to be met nowadays by 

utilizing the new IEEE (Institute of Electrical and Electronics Engineers) standards and 

modern intelligent network devices [2]. 

 

1.1 Problem Definition 

The new network technologies, based on IEEE standards and requirements on in-vehicle 

communications, bring new challenges to the network design. In the past, low bitrate 

networks are sufficient for daily usages in a vehicle. While, with development of novel 

technologies that provides human beings with comfort, convenience and safety, the 

vehicles are becoming more and more complex, both inside and between each other. The 

traditional network technologies have provided features like back camera and sensors. 

While, these are just basic functions for private-car driving. However, compared to vehicles 

that have greater responsibilities including delivering heavy and dangerous goods, 

shuttling passengers for long distance, mining etc., an increasing number of functionalities 

are required. This requires not only greater bandwidth for the network to transmit more 

data, but also a lower amount of latency to ensure high-level safety. For this reason, the 

existing network technologies no long meet requirements and are pessimistic for further 

development, mainly due to bottleneck of bandwidth. Without sufficient bandwidth, those 

functionalities can hardly be achieved. In the meantime, a combination of several network 

technologies causes instability and difficult management. It also effects the complexity to 

implement the network itself practically. 

Therefore, a candidate for future in-vehicle network should be equipped with capacities 

which traditional network technologies do not have. First of all, such network technology 

should be able to provide much higher bandwidth to suit future functionalities of big 

amount of data. Secondly, it is expected to ensure QoS (Quality of Service) when it comes 

to latency, worst-case latency and buffer fill level so that the network can perform 

efficiently and safely. Thirdly, a preferable feature is to simplify the existing in-vehicle 

networks for easier management and implementation.  
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The Ethernet network, which has been deployed for decades for home- and office usage, 

tends to be a qualifier since it provides much higher bandwidth and demanding 

characteristics, compared to other existing network technologies. Ethernet leads to a 

simpler network architect and is known as "switched network", thanks to its network device 

called switch. Moreover, new and developing IEEE standards aim to give extreme time-

sensitive QoS including prioritization of traffic and guaranteed message delivery. As such, 

it is worthy to delve into how Ethernet can be configured to meet the in-vehicle 

requirements. 

Just as other technologies, Ethernet for automotive can vary by use cases. Hence, it is 

necessary to investigate specific configurations on switches, as well as features those 

switches are required to support those configurations. On one hand, it is expected that the 

switches are configured so that the best QoS is achieved when it comes to latency, worst-

case latency and buffer fill level. To be more specific, the configuration strategies concern 

number of traffic classes, use of stream reservation, traffic shaper and their effects on the 

QoS. On the other hand, the configurations should be supported by switches that can be 

purchased on the market. As such, the second problem to be addressed here is to define 

what features the switches are required to have.  

There are some related works that suggest the use of automotive Ethernet and promote the 

research questions in this thesis. In the article [3], rate-constrained Ethernet stack was 

designed and evaluated, opening the possibility of adapting Ethernet into automotive 

networks. Later, topics revolving automotive Ethernet have been investigated as in [4], [5] 

and [6]. Nevertheless, their cases were abstracted and simplified to a great extent. The 

evaluations were also superficial, meaning that aspects of interests for this specific thesis, 

such as worst-case latency and buffer fill level were not explored. To the best of 

knowledge, there are not sufficient related works that have taken consideration of both the 

concerned factors: configuration strategies and corresponding requirements on switches, 

as in this degree project. Last but not least, configuration strategies and requirements on 

switches vary by needs and purposes, so that the researches shall be based on specific use 

cases. 

Therefore, the two problems to be addressed in this thesis are formulated as below: 
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1) While deploying Ethernet network based on defined use cases and data profiles, how 

should the switches be configured to achieve best QoS when it comes to latency, worst-

case latency and buffer fill level, with adjustments of traffic classes numbers, use of stream 

reservation and use of traffic shaper? 

2) What are the requirements on switches, in regard to IEEE standards and corresponding 

hardware support, that make it possible to deploy Ethernet network with the configurations 

achieving best QoS? 

 

1.2 Objectives 

The objectives in this thesis are to evaluate and find out what configurations on switches 

can lead to the best QoS as mentioned in research problem one, meanwhile to define 

suitable IEEE standards and hardware support those switches are required to have, as stated 

in research problem two. Successfully addressing the two problems would result in 

understanding and act as guideline of network architects for the company to deploy 

Ethernet network in the future. 

 

1.3 Benefits, Ethics, Sustainability 

It is widely accepted that automotive Ethernet is a leading trend, thanks to its higher 

bandwidth capacity and fulfillments of automotive industrial conditions [7]. Hence, this 

degree project would be able to be served as a valuable starting point to further develop 

Ethernet based on specified use cases and promote the transition to automotive Ethernet 

when choosing switches and deploying configuration strategies. Likewise, fine-tuned 

configurations working on suitable hardware improve performance and robustness, and 

contribute to long-term operation, which eventually lead to sustainability. Speaking of 

ethics, the network in this project is yet not well protected and can be vulnerable to attacks 

or exploited by those of malicious purposes, which is considered as part of future work to 

ensure security. 
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1.4 Methodology 

The degree project starts with literature review and interviews with specialists for 

background knowledge preparations. The next step is defining use cases in regard to 

requirements and QoS, which best illustrate needs for automotive Ethernet. This is done 

by analysis of gathered data, as well as reasonable assumptions in case data is not available. 

Based on the use cases, a network structure is developed, meanwhile taking features on 

switches into consideration, such as standards and protocols they should support. It is then 

followed by simulations and evaluations of multiple configuration strategies in network 

simulator, acting as proof of concept. Finally, solution is discussed and concluded as 

requirements and configuration strategy on switches. 

 

1.5 Delimitations 

An entire transition from existing technologies to Ethernet may take months and years. Due 

to time limitation, this degree project focuses on requirements and configuration strategies 

on switches, mainly regarding layer 2 and corresponding technologies, as per OSI (Open 

Systems Interconnection) model. At the same time, the researches on configuration 

strategies rely on network simulation at current stage, instead of real implementation on 

development board. This means that, it does not include studies on electronic-. electrical-, 

cabling-, positioning and other similar physical issues. It is also worth mentioning that 

network security is not within the scope of this degree project. However, it should be paid 

more careful attentions to in future development. 

 

1.6 Outline 

The rest of the thesis is organized as follows. Chapter 2 gives a comprehensive background 

study of related works, technologies and standards. Chapter 3 provides the network model 

that is built and assumed. Chapter 4 and Chapter 5 handle simulation setups and simulation 

results. Chapter 6 analyzes and evaluates those results. Chapter 7 presents requirements on 
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switches in order to make use of features for use cases. And finally, Chapter 8 warps up 

findings and provides with recommendation of future works that have not been done in this 

degree project due to time limit but are worthy delving into.   
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Chapter 2 

Background 

 
In this chapter, we give related background knowledge. We start with a general 

introduction of what existing in-vehicle networks are, followed by foundations of 

networking including the OSI model, Ethernet and QoS. Finally, we present and introduce 

the related IEEE standards and protocols to be focused in this thesis. The readers are 

expected to be equipped with understanding of those technologies and be prepared for later 

chapters when the technologies come into uses. 

 

2.1 Existing In-vehicle Networks 

Nowadays in-vehicle network architecture is becoming more and more complex with 

growing number of ECUs (Electronic Central Unit) and mixture of technologies, especially 

for ADAS (Advanced Driving Assistance System) and infotainment, where data consumes 

much bandwidth. The in-vehicle network can be traced back to the bus network topology, 

of which multiple ECUs are connected to and transmit messages on a centralized medium 

called a bus, in order to reach everyone else that is connected. Such kind of networks are 

well developed for decades and have been derived into various protocols. The most popular 

ones are CAN (Controller Area Network), CAN-FD (CAN with Flexible Datarate), LIN 

(Local Interconnect Network), FlexRay and MOST (Media Oriented Systems Transport).  
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Table 1: Bus system overview [8] 

 

 

They are all designed around bus topology but have different application, control, access, 

bandwidth and corresponding physical layer etc., resulting in higher or lower costs, as 

illustrated in Table 1. Those technologies are often referred to as fieldbus and are 

fundamental forms. While, it is also possible to have other topologies such as tree, star 

topologies and a combination of these two, where connected nodes are arranged like 

branches of a tree and are controlled by a central node, respectively.  

Although existing networking technologies play roles in diverse domains and have become 

adopted in automotive industry, they lead to a heterogeneous communication system which 

is hard to design, manage and maintain. In the meantime, bandwidth they provide cannot 

suit new use cases. These are the main motivations to seek technologies which can simplify 

the whole in-vehicle network and offer sufficient bandwidth and demanded features. 

 

2.2 OSI Model 

The OSI (Open Systems Interconnection) model is a standardized and widely accepted 

network layered conceptual model [9]. It defines a seven-layer structure for generic 

network communications. As shown in Figure 1, the network communication is divided 

into, from the lowest to the highest (numbered 1-7), Physical-, Data Link-, Network-, 
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Transport-, Session-, Presentation-, and Application layers. In such way, each layer clearly 

takes specific responsibilities and faults can be easier located in case of network failure.  

 

 

Figure 1: The OSI model [9]  

 

When data is expected to be transmitted from a node to another through network, it is firstly 

encapsulated by each layer, downwards from the top at the sender side. Each layer appends 

its own functional information, called header, that is needed to be processed further to a 

next lower layer for purposes like locating the expected receiver. On layer 2, a trailer is 

added to the end of the data as well.  Eventually when the encapsulated data reaches the 

lowest layer, it is translated into bits and put onto media, for instance a cable, and 

transmitted to the receiver. Once the receiver gets those bits, it carries out tasks in the 

reversed way, that is, translating bits back to encapsulated data on to layer 1, then taking 

off headers layer-by-layer upwards and retrieving data of interest. Such process is named 

de-capsulation. 



10 
 

According to OSI model, the encapsulated data built on each layer, together with its header 

and trailer, is given the generic term, PDU (Protocol Data Unit). Therefore, we now call 

them layer 2 PDU, layer 3 PDU and so on. It is also worth mentioning that in the TCP/IP 

model [10], terms are not the same as the one used in the OSI model [11]. Another related 

concept is MTU (Maximum Transmission Unit). Once a layer 3 PDU is to be transmitted 

further onto layer 2, its size is checked firstly with a comparison to MTU which is the limit 

of bytes allowed to send at a link on layer 2. If the size of the layer 3 PDU exceeds the 

specified MTU value, it is firstly segmented into several pieces that are lower or equal to 

MTU then encapsulated by layer 2 and further transmitted. 

 

2.3 Ethernet  

2.3.1 Traditional Ethernet 

Ethernet was firstly introduced and standardized in 1980s. Since then, the IEEE (Institute 

of Electrical and Electronics Engineers) has dedicated IEEE 802.3 Working Group for 

developing Ethernet networks. Ethernet is one of LAN (Local Area Network) technologies, 

implying that it is used to interconnect devices within a limited and local area, such as 

home, university and office. Like other technologies, Ethernet has come with several 

generations, among which the initial version was 10BASE-5 that used coaxial cables and 

was able to offer 2.94 Mbit/s of bandwidth. Today it reaches up to 100 Gbit/s and is 

expected to be increased soon [12]. 

Early Ethernet used coaxial cable whereas presently twisted pair wires are adopted. This 

leads to the development of 10BASE-T, 100BASE-T and 1000BASE-T, which support 

bandwidth of 10, 100 and 1000 Mbit/s. 

As per OSI model, Ethernet operates across layer 1 and 2: Physical layer and Data Link 

layer. Specifically, IEEE 802.3 aims to address needs of layer 1 and lower portion of layer 

2. As such, layer 2 is further divided into two sub layers. MAC (Media Access Control) 

sublayer, that is the lower one, belongs to IEEE 802.3. While, LLC (Logical Link Control) 

sublayer, that is the higher one, takes responsibilities of close communication with upper 
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layer and network software, and is handled by IEEE 802.2 which is however not focused 

in this degree project. 

Though there exist variants of Ethernet packet formats, the traditional Ethernet covered 

under this section refers to the basic IEEE 802.3 Ethernet and its encapsulated MAC PDU, 

called MAC frame. An Ethernet packet consists of preamble, SFD (Start Frame Delimiter), 

possible extension field (for 1000 Mbit/s half duplex operation only) and the MAC frame. 

The structure of an Ethernet packet is represented in Figure 2 below. 

 

 

Figure 2: IEEE 802.3 Ethernet packet format [12] 

 

2.3.2 Automotive Ethernet 

To distinguish from traditional Ethernet, automotive Ethernet refers to the Ethernet in 

automotive industry. Features that are demanded in automobile but are not provided by 

standard Ethernet become challenges. Though standard Ethernet exceeds those 

aforementioned bus networking by higher bandwidth, it does not support determinism. By 

saying determinism in context of Ethernet, it entails that the exact arrival to expect an 

Ethernet frame is guaranteed and predictable. This comes to a broad and meaningful sense 

to automotive industry, including but not limited to enforce safety and performance quality 

of audio/video data. [13]. Without determinism, delays of packets could result in late 
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response of ECUs, causing possible catastrophic flaw like vehicle crashes on road. Equally 

important, loss of even one single Ethernet packet is not tolerated for safety sake, though 

in some cases like media play, a loss of video frame might barely ruin user experience 

while watching media. 

Automotive Ethernet is therefore expected to be equipped with schemes that ensure 

determinism. To this end, IEEE has been working and making great advancements. The 

next section will provide readers with knowledge of related IEEE standards and protocols 

that make Ethernet a qualified and appealing alternative for automotive industry. 

 

2.3.3 Ethernet Topology 

Compared to existing network topologies like CAN bus where a common backbone is used 

to connect all devices, Ethernet provides extensions including star, tree, combination of 

star and tree, and other topologies [14]. Those topologies are utilized for different purposes. 

An Ethernet star topology has a central controller, which is usually a hub or a layer-2 

switch. The communication occurs through this central node which manages and transmits 

messages between a sender and receiver(s) that are connected to it. As compared to CAN 

bus, it performs better in terms of number of messages sent. Messages are no longer always 

broadcasted and just got dropped when they are not expected at the receivers. They travel 

firstly to the central node and this node would tell where the destination for the messages 

is, instead of sending copies to everyone as broadcast scheme does. Additionally, Ethernet 

star topology makes it possible to centrally monitor the network.  

Another topology that is popular in the world of Ethernet is a hierarchy topology named 

tree. A tree can be regarded as an integration of both star- and bus topology, meaning that 

features from both two topologies exist in an Ethernet of tree topology. An Ethernet tree 

network has also a backbone like the one in a bus network. While, connecting units to this 

bus is not only single node but also possibly stars. By doing so, the network is divided into 

many segments, of which stars are located. Such topology exceeds bus network like a CAN 

by offering easier maintenance. Once fault happens, it can be further traced into the star 

network that is connected to the central bus backbone.  
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2.4 Quality of Service 

QoS (Quality of Service) describes and measures predictable levels of network 

performance. In context of automotive industry where determinism matters, it concerns 

bandwidth, latency and packet loss. While certain applications might care also availability 

that is the uptime for service, or throughput, for example. QoS is usually configurable on 

devices like switches and routers, involving prioritization, policing and shaping of data 

traffic, guarantee of minimum and maximum bandwidth to be served, and other parameters 

that are specific for use cases [15]. QoS helps to meet different requirements, meanwhile 

managing a best-balanced performance. To this end, QoS has also been put emphasis on 

by IEEE standards and protocols, especially when it comes to in-vehicle network where 

data traffic is more time-critical than in other scenarios such as networking at home. 

 

2.5 Related IEEE Standards 

2.5.1 IEEE 802.3 and IEEE 802.1 

IEEE 802.3 is a working group defining standards for the Physical layer (OSI layer 1) and 

Data Link layer (OSI layer 2)'s MAC sublayer of wired Ethernet [12].  It holds several 

projects, study groups and ad-hoc revolving researches on Ethernet. In IEEE 802.3, a media 

access control scheme to detect collisions by sensing transmissions from other nodes while 

transmitting an Ethernet packet is also defined, called CSMA/CD (Carrier Sense Multiple 

Access/ Collision Detect). This working group and its standards are foundation of standard 

Ethernet as mentioned in previous section. Moreover, it supports IEEE 802.1 that is 

concerned with bridged network architecture, network management and related technical 

details [16]. 
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2.5.2 IEEE 802.1Q and Prioritization 

As mentioned in previous sections, standard Ethernet that is defined in IEEE 802.3 is not 

able to provide determinism. For this reason, within the working group IEEE 802.1, 

standard IEEE 802.1Q [17] is specified. IEEE 802.1Q does not only focus on addressing 

determinism issues, but also aims to carry out network segmentation with VLAN (Virtual 

Local Area Network) technology. VLANs support 802 MAC service using media control 

method and separate a network on OSI layer 2 into multiple broadcast domains. Through 

such way it reduces data traffic that needs to be sent to every node in a smaller independent 

segment (namely, a smaller broadcast domain) compared to overall unsegmented network. 

It also enhances network security since access to other VLANs are now limited. According 

to IEEE 802.1Q, VLAN is done through VLAN tagging, of which a special 802.1Q header 

(a.k.a. VLAN tag) is appended into a traditional Ethernet (IEEE 802.3) frame, resulting in 

so called "(IEEE 802.1Q/VLAN) tagged frame". Figure 3 shows insertion of IEEE 802.1Q 

header and the frame format. VLANs are useful in networking and administration, but due 

to time limit, VLANs as part of IEEE 802.1Q is not considered in this degree project.  

 

 

Figure 3: Insertion of IEEE 802.1Q header to an IEEE 802.3 Ethernet frame [18] 

 

As represented in Figure 4 below, the (IEEE) 802.1Q header contains the following 

information: 16-bit TPID (Tag Protocol ID) and 16-bit TCI (Tag Control Information), of 

which TCI is consisted of 3-bit PCP (Priority Code Point), 1-bit Drop Eligible Indicator 



15 
 

and VID (VLAN ID). Those fields are defined also in the IEEE 802.1Q standard [17]. The 

PCP, Priority Code Point, is used for setting priority level of an Ethernet packet and 

therefore contributes to determinism. PCP assigns priority level for a packet, ranging from 

0 to 7 since it is of 3 bits. The greater value the PCP has, the higher prioritization this 

Ethernet packet is given. 

 

 

Figure 4: Fields in an IEEE 802.1Q header [17] 

 

The other related topics here is prioritization, which enables determinism and contributes 

to QoS. Prioritization is done at an outbound port (a.k.a. egress port) of networking devices 

like switch. The outbound port treats and classifies traffic prioritization as CoS (Class of 

Service, a.k.a. Traffic Class), where single or multiple PCPs can be grouped into a traffic 

class. This is commonly called traffic class mapping and enables QoS implementations. 

Table 2 is the recommended and suggested traffic mapping table given by IEEE. For 

instance, if there are four traffic classes, then traffic of PCPs 0 and 1 is mapped into traffic 

class 0, traffic of PCPs 2 and 3 is mapped into traffic class 1 and so on. Accordingly, each 

CoS is allocated a priority queue containing a buffer at this port. Take the example in Figure 

5, there are three CoS hence three priority queues, and packet flows are of different PCPs. 

The queueing begins with packets coming in to be sent through the port and classified into 

priority queues based on their PCP values and traffic class mapping table stored on the 

switch. All the queues are scheduled and further transmitted out of the port. The most 

common scheduler policy for traffic classes is strict priority. Only when a queue of higher 

CoS is empty or emptied, can a queue of the next higher CoS be put onto the sending queue 

and transmitted. So, a packet of a higher CoS experiences less latency under congestions. 
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Table 2: Recommended traffic class mapping table [19] 

 

 

 

Figure 5: Prioritization and queueing at outbound port [20]  
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2.5.3 AVB/TSN 

The AVB (Audio Video Bridging [21]) was a task group under the IEEE 802.1 working 

group, which was later renamed and continued as the TSN (Time Sensitive Networking) 

[22] task group in November 2012. Initially, AVB aimed to enable IEEE 802 networks to 

stream time synchronized and low latency audio/video data. While with even more time-

critical traffic arousing interests, for instance, sending braking signal that must arrive 

within around hundreds of nanoseconds, IEEE decided to give it a new name and extend 

the working area covering also time-sensitive transmission of data. Nevertheless, the term 

AVB is still widely adopted and mentioned in many research since it is more meaningful 

for those standards about audio/video data which had been defined within AVB, before 

TSN was formed. To be specific, AVB contains IEEE 802.1BA, IEEE 802.1AS, IEEE 

802.1Qat and IEEE 802.1Qav. While TSN consists of IEEE802.1Qbv and related standards 

that have been further developed and under developing. Those AVB/TSN standards which 

are considered in this project are to be introduced in-depth. Terms AVB and TSN are used 

separately for specific standards as just mentioned. 

 

2.5.3.1 IEEE 802.1BA 

IEEE 802.1BA - Audio Video Bridging (AVB) Systems defines profiles including features, 

options, configurations, defaults, protocols and procedures of a LAN equipment that are 

necessary to build networks being capable of transporting time sensitive audio and/or video 

data streams [23]. With this standard as a reference, people who would like to use AVB 

are aware of profiles in the standard and can choose equipment accordingly. Importantly, 

in order to get features and guaranteed QoS brought by AVB, all end points are expected 

to be AVB-enabled. By meaning this, they should be able to support IEEE 802.1AS, IEEE 

802.1Qat and IEEE 802.1Qav.  
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2.5.3.2 IEEE 802.1AS 

IEEE 802.1AS - Timing and Synchronization [24] is the core component of AVB. Without 

IEEE 802.1AS, no global time synchronization and network setup can be accomplished, 

which is especially important for audio and video to match each other [25] [26] [27]. The 

IEEE 802.1AS specifies also how to achieve a clock reference that every node that needs 

to be synchronized can reply on and synchronize with. To this end, it utilizes part of IEEE 

1588, namely PTP (Precision Time Protocol), and modifies it to be suitable for AVB. 

The modified and specified profile in IEEE 802.1AS is called gPTP (generalized Precision 

Time Protocol) with timing accuracy to sub-micro second and synchronization capability 

for AVB network. In the first step of gPTP, a grand master clock (a.k.a. master clock) is 

selected to be the global reference by using BMCA (Best Master Clock Algorithm). Once 

the master clock is selected, it propagates periodically its packet containing hardware time-

stamped time to other nodes with so-called slave clocks in the network. During each period, 

the master clocks sends not only the time for synchronization but also the time it sends out 

the packet. Upon receiving the time of the master clock, the slaves read the time from those 

packets, calculate and compensate offsets and delays to the master accordingly. When such 

process as just described is done a synchronization between the master and slave clocks is 

achieved. They begin transmitting data and repeat such synchronization work with 

intervals to ensure that the time remains well synchronized. 

 

2.5.3.3 IEEE 802.1Qat 

IEEE 802.1Qat - Stream Reservation Protocol [28] [29] guarantees end-to-end bandwidth 

reservation for streams to ensure packets not being delayed or dropped due to network 

congestion. Within a vehicle, profiles of streams are often pre-configured and the amount 

of bandwidth should be kept for those streams in a network. Conventionally, a source (or 

sender) of AVB stream is called a talker while a receiver of the AVB stream is called a 

listener. IEEE 802.1Qat allows a talker and listener(s) to be able to carry out transmission 

of stream data in a way its QoS is guaranteed.  
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Figure 6 represents the process of stream reservation as IEEE 802.1Qat defines. It starts 

with the talker multicasting a stream advertisement with essential information including 

StreamID to identify the stream, MaxFrameSize to define the maximum payload size of 

each frame, MaxIntervalFrames to define the number of frames in each interval time etc. 

Based on these information, switches along the way the advertisement follows can 

calculate the bandwidth needed on port. Also, an accumulated latency each time the 

advertisement is forwarded is updated by these switches. After the stream advertisements 

successfully reach listener(s), the listener(s) can decide to register for this stream, via 

sending a Listener Ready packet back to the talker who initiates the advertisement. If no 

faults happen during the registration, the talker receives the registration of interested 

listener and the required bandwidth is allocated along the entire path from the listener to 

the talker. Otherwise, at any switch the packet content can have been modified to be 

Listener Ready Fail to cease the reservation. Optionally, a third step would be listeners' de-

registration by sending a stream de-registration packet to the talker. In the standard, two 

SR (Stream Reservation) classes are defined, which are SR-A and SR-B. Stream data 

belonging to each SR class are transmitted with a specific frequency. SR-A transmits data 

every 125 us while SR-B does it every 250 us, being able to guarantee a maximum latency 

of 2 ms and 50 ms over 7 hops, respectively. 

 

 

Figure 6: Process of stream reservation [30] 
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Besides benefits brought by stream reservation as described above, VLANs can also be 

automatically setup between talkers and listeners across the network or automatically 

adjusts to engineered VLAN networks, as well as, report failure reasons and location when 

a path between the talker and listener cannot be supported [2].   

 

2.5.3.4 IEEE 802.1Qav 

IEEE 802.1Qav - Forwarding and Queuing Enhancements for Time-Sensitive Streams [31] 

(a.k.a. FQTSS) defines a shaping mechanism named credit based shaper and extends traffic 

mappings to have corresponding AVB supports on stream reservation. Since that vital 

traffic data is not expected to be dropped by any means meanwhile has strict deadline of 

transmission, it should be forwarded and transmitted quickly and efficiently. However, 

long bursts typically arise with high prioritized data that consumes much bandwidth, for 

instance, video/audio streams. They occupy the sending queue on port for long time and 

thus strongly increase the maximum latency of other traffic of lower priorities. Credit based 

shaper comes into play to avoid this. The shaper limits the maximum amount of bandwidth 

to be used in accordance to IEEE 802.1Qat - the stream reservation, and is available at 

every outbound port along the route of transmission of Ethernet packets. 

As its name states, the shaper is credit-based. Each stream reservation traffic class (i.e. SR-

A and SR-B) is associated with specific credits. The idea is illustrated in Figure 7 below. 

There are two boundaries which are the highest and the lowest credit. Between the 

boundaries, the credit of a traffic class is spent when packet of this traffic class is being 

transmitted, but the credit must be non-negative in order to start the transmission. If no 

packet of this traffic class comes or waits for being transmitted, its credit is set to zero by 

default. If there is packet of this traffic class waiting for transmission due to congestion 

with packets from non-SR priority queues, its credit increases. The credit therefore 

concerns a send slope and an idle slope of data rate, for increase and decrease of credits, 

respectively. The idle slope is configurable while the send slope is calculated by subtracting 

from the port transmission rate. For example, a port of 100 Mbit/s with a configured idle 

slope of 75 Mbit/s leads to a 25 Mbit/s send slope. In such way, the idle slope defines the 

maximum bandwidth to be spent for this traffic class. The shaper provides more chances 
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for lower priority traffic to be transmitted instead of waiting under congestion where there 

is long burst of high-priority, stream-reserved traffic. It contributes to lower buffer fill 

level, indicating that less lower priority traffic is kept queued. Nevertheless, setting of idle 

slope needs to be configured carefully since shaping too much the traffic causes blocking 

of this traffic class itself and would not help reducing buffer utilization in general. Credit 

based shaper acts also as a safeguard of stream reservation. By configuring the idle slope 

of credit based shaper for stream reserved traffic classes, the reserved bandwidth is not 

overused. 

 

 

Figure 7: Credit based shaper [32] 
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In order to benefit from credit based shaper, according to IEEE 802.1Qav, following 

constraints must also be met [30]: 

- PCP values for stream reservation classes are mapped on to traffic classes that support 

the credit based shaper; 

- There should be at least one traffic class that supports credit based shaper algorithm and 

at least one traffic class that supports strict priority algorithm; and 

- Traffic classes that support credit based shaper should have higher CoS values than the 

others. 

 

2.5.3.5 IEEE 802.1Qbv 

IEEE 802.1Qbv - Enhancements for Scheduled Traffic [33] designs another traffic shaping 

scheme called Time Aware Shaper for high time-critical applications where latency should 

be controlled under several hundreds of microseconds. The key concept in time aware 

shaper is the deployment of a time aware gate for each traffic queue, as shown in Figure 8. 

Those gates are controlled by a gate driver at a port that is programmable to circularly 

schedule at which time one or more specific gates are open for transmission. Other gates 

which are closed do not allow any transmission from its queue at all. In such way, 

transmission from queue or queues is totally separated from the rest of closed gate(s). As 

a result, the high time-critical traffic is not influenced by those of lower priorities. Usually 

the time-critical data is sent on regular periodic intervals of 500 us and is guaranteed a 

maximum bounded latency of 100 µs over 5 hops [34]. Another merit of time aware shaper 

is that the credit based shaper and strict priority are able to cooperate with the time aware 

gate, meaning that a combination of these technologies can support diverse purposes.  
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Figure 8: Time aware shaper [33] 

 

2.5.3.6 IEEE 1722 

IEEE 1722 is a standard of a Transport Protocol for Time-Sensitive Applications in 

Bridged Local Area Networks [35] and mainly aims to define multiple media formats and 

encapsulation for AVB network meanwhile make use of the other techniques including 

time synchronization and stream reservation. Figure 9 presents how an IEEE 1722 packet 

looks like. An IEEE 1722 packet is also often called an AVBTP (Audio Video Bridging 

Transport Protocol) packet as convention. The encapsulated data stream has its own header, 

as well as, a stream ID to distinguish different streams, an AVBTP timestamp that is 

timestamped by gPTP for synchronization, a payload information and those audio video 

packets of a stream. Via having the AVBTP timestamp, listeners are aware of the exact 

time to present media samples in cooperation with talker and therefore this timestamp is 

named after the presentation time. Additionally, AVBTP supports a broad range of audio 

and video data format to be encapsulated, including compressed video format like MPEG-

4 (Moving Picture Experts Group) and H.264, and those which are raw or uncompressed. 

Together with stream reservation and shaping mechanisms, bounded latency is guaranteed 

for reliable audio video delivery [36]. 
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Figure 9: IEEE 1722 packet construction [37] 

 

2.5.4 Others 

Besides the standards introduced above, there are many standards which contribute to the 

entire automotive in-vehicle network. For example, for sake of security and safety, data or 

path is often duplicated to ensure availability when failure occurs, and to this end, IEEE 

802.1Qca – Path Control and Reservation [38] provides redundancy for data flows and 

distribution of control parameters for synchronization and scheduling. Another example is 

IEEE 802.1Qbu - Frame Preemption [39], making it possible to suspend transmission of 

non-time-critical frame and allow time-critical frames to transmit first as they come. 

Moreover, standards which are under definition and/or revision would be of great interests 

in the future for enhancements. They include IEEE 802.1CB Frame Replication and 

Elimination for Reliability [40], IEEE 802.1Qaz – Enhanced Transmission and Queueing 

Enhancements for Time-sensitive Streams [41], IEEE 802.1Qcc - Stream Reservation 

Protocol Enhancements and Performance Improvements [42], IEEE 802.1Qci – Per-

Stream Filtering and Policing [43], IEEE 802.1ASbt – Enhancements and Performance 

Improvements for Time Synchronization [44]. Those standards would play vital roles for 

further enhancing performance and building a robust automotive network.  
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Chapter 3 

Network Model 
 

In this chapter, we present the network system architecture together with introduced data 

profile. They contribute to the network simulation that would be carried out later. The 

objective of this chapter is to let readers be aware of the setup of the network considered 

in the thesis.  

The network architecture is built and UC (Use Cases) are defined based on best knowledge 

learnt and data gathered, for simulating a comprehensive network. In the case of lacking 

data profiles, we make assumptions according to applications in practice, for instance, for 

the sampling rate of audio. Full data profile of use cases can be found in Appendix A. 
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3.1 Network System Architecture 

 

Figure 10: Assumption of network system architecture 

 

Here we consider a network architecture that can resemble a network in a truck. As shown 

in Figure 10 above, the network system architecture is built as follows: 

The network is categorized into two domains. All switches are layer-2 switches. In the 

figure, straight black lines represent 100 Mbit/s Ethernet connections, while the pink one 

between ECU8 and Switch2 is 1 Gbit/s. 

ECU 1,4,10 are placeholders for future use cases and are not simulated.  
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3.2 Data Profile 

When information of data profile is lacking, assumptions take place. Data profile concerns 

mainly PCPs, PDU sizes, activations of Ethernet messages. PCPs are assumed based on 

safety criticality level and there are eight and seven PCPs for Domain1 and Domain2, 

respectively. While, the rest of data profiles, i.e. name, sender, receiver, size, activation 

and maximum requirement on latency, are based on internal documentation and/or real-

world cases. The full data profile can be found in Appendix A. Assumptions that have been 

made for simulation are described below. 

Any video stream is defined to be at 60 Hz fps (frame per second). Moreover, it is assumed 

that video stream would consume 25 Mbit/s bandwidth. Therefore, assumption is made to 

be that each frame is transmitted every 1/60 = 0.0166 second due to the fps value. The 

payload size of the frame is calculated based on this transmission period (0.0166 second), 

consuming 25 Mbit/s bandwidth. The calculation is as follow: 

25*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
0.0166 𝑠𝑒𝑐𝑜𝑛𝑑

, 

resulting in payload size of frame 415000 bits, namely 51875 bytes. 

Common audio stream is defined to consume 5-10 Mbit/s. Audio of smaller size consumes 

0.5 Mbit/s. However, audio format is not decided and is thus assumed. The assumed audio 

format is AAC (Advanced Audio Coding) that is defined in MPEG-4 part 3 [45], with 

44.1kHz sample rate of which 1024 samples per frame [46]. The simple calculation of the 

transmission period is as follow: 

44100 𝑠𝑎𝑚𝑝𝑙𝑒
𝑠𝑒𝑐𝑜𝑛𝑑

 / 1024 𝑠𝑎𝑚𝑝𝑙𝑒
𝑓𝑟𝑎𝑚𝑒

 = 43.1 frame / second, 

leading to a transmission period 1/ 43.1 = 0.023 s = 23 ms. 
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Having this knowledge, the calculations of audio payload size of frame are as follows: 

0.5*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
0.023 𝑠𝑒𝑐𝑜𝑛𝑑

,  

5*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
0.023 𝑠𝑒𝑐𝑜𝑛𝑑

, and 

10*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
0.023 𝑠𝑒𝑐𝑜𝑛𝑑

, 

leading to payload size of frame 1438, 14380 and 28760 bytes, respectively. 

In the case when stream reservation is utilized, recall the standard IEEE 802.1Qat 

introduced in Chapter 2, data is transmitted at a specific frequency, of which SR-A class 

traffic data is transmitted at frequency 8 kHz and SR-B class traffic data is transmitted at 

frequency 4 kHz, leading to 125 us and 250 us as transmission period, respectively. Under 

such circumstances, assumptions are made by controlling variables [47], keeping the 

bandwidth as a controlled value to ensure the bandwidth budget. The calculations of 

payload size of frame are thus as follows: 

For audio (0.5 Mbit/s) utilizing SR-A, 

0.5*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
125 𝑢𝑠

,  

resulting in payload size of frame 8 bytes. 

For audio (0.5 Mbit/s) utilizing SR-B, 

0.5*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
250 𝑢𝑠

,  

resulting in payload size of frame 16 bytes. 

For video (25 Mbit/s) utilizing SR-B, 

25*106 𝑏𝑖𝑡
𝑠𝑒𝑐𝑜𝑛𝑑

 = 𝑝𝑎𝑦𝑙𝑜𝑎𝑑 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑓𝑟𝑎𝑚𝑒 (𝑏𝑖𝑡)
250 𝑢𝑠

,  

resulting in payload size of frame 781 bytes.  
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Chapter 4  

Automotive Network Simulation 

 
This chapter concerns the automotive network simulation that is carried out in the thesis. 

We begin with introducing the simulation environment (i.e. the tool) that has been used for 

study and what this tool provides. We then reveal the network configurations that are done 

through this tool, with description of ten configuration strategies to be simulated. This 

chapter also consists of what factors (i.e. parameters) are adjusted and changed between 

different configuration strategies to evaluate the effect brought by the number of traffic 

classes, use of stream reservation and use of traffic shaper. 

 

4.1 Simulation Environment 

4.1.1 SymTA/S 

The simulation is built on SymTA/S [48], a tool for scheduling analysis, architecture 

optimization and timing verification that is designed for the automotive industry. SymTA/S 

is equipped with possibility to model, simulate and analyze networks based on design and 

configuration. In the meantime, it offers worst-case scheduling analysis and system 

distribution analysis for obtaining average behavior and timing statistics in order to plan, 

optimize and verify against time-sensitive constraints. 

Compared with other simulation tools like OMNeT++ [49] and VisualSim [50], SymTA/S 

exceeds them by its integration of scientific analysis using compositional scheduling [51] 

[48] into the tool, which otherwise needs to be done externally and explicitly via 

mathematics modeling or via other tools to carry out analysis for systems. At the same time 

in SymTA/S, the parameters of interests are configurable, including message size, 
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activation period, PCP and maximum requirement on latency. It has also an interface to 

model and setup the network, which is considered as a merit. Last but not least, besides 

features that have been utilized in the project, SymTA/S is capable of modeling, analyzing 

and even tracing ECU or core, in regard to timing behavior, scheduling, communication 

overhead of software stack and other effects that would be benefits to network architects 

when the network becomes more advanced and complicated. These are done with the help 

of different libraries of SymTA/S. Figure 11 shows an example of SymTA/S user interface. 

 

  

Figure 11: Example of SymTA/S user interface [52] 

 

4.1.2 Analysis Modes 

According to compositional scheduling analysis methodology [48] [51], instead of 

considering each event individually, it abstracts individual events into event streams, and 

analyzes systematically derived worst-case scheduling scenarios. The compositional 

scheduling analysis itself is complex. It is developed based on many underlying theories 

like event stream interaction, task activation/execution models of rate-monotonic 
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scheduling [53] etc., which are not delved further into in this project. While, the two modes 

of analysis system-distribution and worst-case, which utilize compositional scheduling are 

briefly explained here from a general and simple aspect. 

The first mode is system distribution analysis, creating typical execution scenarios which 

are varied by activations, offsets or even execution time. SymTA/S's current distribution 

analysis implementation uses uniform distribution (a.k.a. equal distribution) [54], enabling 

a finite number of values to be equally likely to be observed. Hence to this sense, 

uniformly-random message offset and activation distribution are achieved.  

The second mode is worst-case analysis. In comparison to system distribution, it aims at 

analyzing worst and corner cases that are not guaranteed to be found in system distribution. 

Worst-case analysis uses specified offset values and activation of each messages. One 

example is to let all ECUs start sending all their messages simultaneously, leading to very 

long latency. While there could also be worst case path delay in SymTA/S.  

 

4.2 Network Configurations 

Based on the network architecture and data profiles described in Chapter 3, we introduce 

the network configurations strategies hereby. Network configurations are tested case-by-

case, with different scheme adopted and parameters set. For convention in SymTA/S, the 

PCPs are ranged in 1-8 instead of 0-7. A full profile of configuration is in Appendix A.  

It is a common approach to initially adopt all QoS mechanism for the system. In the context 

of this degree project, it means full use of eight priority queues meanwhile deployment of 

stream reservation and traffic shaper everywhere. One side effect of such design is over-

dimensioning the system and risk of higher but unnecessary costs. 

Recall from section 2.5.2, priority queues are allocated buffers. An obvious measure of 

traffic class mapping is to map each PCP into a traffic class. While, configuring all queues 

indicates a full use of buffer that a switch offers. Consider now a new big data stream 

coming in with the highest PCP value. The already allocated buffer might not be sufficient 

to queue this kind of data and thus causes data loss. Under such circumstance, extra buffer 
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is needed to retain QoS. However, since all queues are configured, there is no extensibility 

for more buffer budget. Although a re-allocation of buffer may fix the issue, new balance 

among all queues is not easily achieved to suit demands of every traffic class, image a total 

of eight queues compared to four. Moreover, this might need to be done from time to time 

whenever new use cases and data appear.  

Regarding adoption of stream reservation and credit based traffic shaping, though 

nowadays market has corresponding supports, switches with those schemes could lead to 

extra time and work just to configure and maintain. It would therefore be wise to make use 

of them only when they bring great benefits. Otherwise, overhead might outweigh minor 

enhancements. IEEE 802.1Qat Stream Reservation is partly simulated in the tool. By 

meaning "partly simulated", audio/video packets are configured to be transferred every 125 

us for SR-A and every 250 us for SR-B. The special high frequency of packet transmission 

is a main profile of IEEE 802.1Qat and is explored with help of the tool. However, in the 

standard there are more features including bandwidth reservation along with path, talker 

advertisement, listener acceptance etc. which further provide robustness of transmission 

over AVB network. 

In summary, one should use less traffic classes to configure queues and corresponding 

buffers efficiently: on one hand, it leaves the possibility to extend future traffic data by 

allocating unused buffer if not all queues are configured, on the other hand, less traffic 

classes lead to lower complexity when doing re-allocations and re-configurations revolving 

QoS. Furthermore, schemes should only be adopted when considerable advantages are 

seen. Taking these points in mind, ten configuration strategies are set up, as shown in Table 

3: 
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Table 3: Configuration strategies 

Configuration 
Strategy No. 

No. of Traffic 
Classes in 
Domain1 

No. of Traffic 
Classes in 
Domain2 

Use of IEEE 
802.1Qat 

Use of IEEE 
802.1Qav  

1 8 8 No No 
2 4 8 No No 
3 1 8 No No 
4 8 4 No No 
5 8 1 No No 
6 1 1 No No 
7 3 (1,2,3,4,5,6/7/8) 2 (1,2,3/4,5,6,7) No No 
8 3 (1,2,3,4,5,6/7/8) 2 (1,2,3/4,5,6,7) 8 SR-A 

7 SR-B 
No 

9 3 (1,2,3,4,5,6/7/8) 2 (1,2,3/4,5,6,7) 8 SR-A 
7 SR-B 

SR-A 5 Mbit/s 
SR-B 24 Mbit/s 

10 3 (1,2,3,4,5,6/7/8) 2 (1,2,3/4,5,6,7) 8 SR-A 
7 SR-B 

SR-A 5 Mbit/s 
SR-B 15 Mbit/s 

  

A configuration strategy (referred as "strategy" hereafter) concerns the number of traffic 

classes in the two domains and use of stream reservation (referred as "Qat" hereafter) 

and/or credit based shaper (referred as "Qav" hereafter).  

Strategy 1-6 adopt IEEE recommended traffic class mapping as per Table 2 while strategy 

7-10 adopt customized settings. Numbers in brackets indicate PCPs that are mapped to 

traffic classes in ascending order, separated by slashes (/). For example, in strategy 7-

Domain1, PCP 1-6 are mapped to traffic class 1, PCP 7 is mapped to traffic class 2 and 

PCP 8 is mapped to traffic class 3.  

In order to explore effects brought by Qat, strategy 8-10 use the scheme for Domain1. In 

the table cell, a PCP is put with the stream reservation class it is assigned to. 

Qav (credit based shaping) is adopted in strategy 9 and 10 for use case UC1 and UC2 that 

are stream-reserved as class SR-A and SR-B. To make comparisons, strategy 8 is not 

traffic-shaped but still with stream reserved. Configuration is presented in form of the 

mapped traffic class together with the idle slope in shaper.  Note that according to IEEE 

standard, traffic classes supporting credit based shaper must have a higher priority than 

other traffic. Therefore SR-A is also shaped but allocated with a bigger amount than its 
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actual bandwidth defined in data profile. By doing this, UC1 is still of the highest priority 

and unused bandwidth can be utilized by others accordingly. 

Due to time limitation, use of Qat and Qav are applied in the last domain only, namely 

when the messages are transmitted through ports to ECU7 and ECU5 on Switch1 in 

Domain1.  

 

4.3 Simulation Setup 

The simulation is run on a PC with Intel (R) Core i5-4590 CPU@3.30GHz and 8.00 GB 

RAM, Windows 7 Enterprise 64-bit operating system. Due to that simulations consume 

lots of CPU and RAM resources, it takes quite much time if simulation trace length is long. 

The simulation is set to be 10 seconds and we consider average behavior over five different 

traces. The setting of trace length (10 seconds) is regarded as sufficient since that data 

traffic is activated in period of a maximum of 50 ms. Five traces are for less experimental 

bias. In average, it takes 30-45 minutes to finish one single simulation run and extra 30 

minutes to produce analysis of the simulation.  
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Chapter 5  

Simulation Results 

 
In this chapter, we present the simulation results based on configuration strategies in 

previous chapter. Firstly, we give readers the results with adoption of recommended traffic 

class mapping and mapping all traffic into one single class. Secondly, we present the results 

by adopting customized traffic class mapping. Finally, we present the results in use of 

stream reservation and traffic shaper. The results are grouped by special purposes 

according to the configuration strategies, serving as preparation for discussions and 

evaluations in the next chapter. Those of less criticality and interest are not included here 

in this chapter. However, raw results are attached in Appendix B. 
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5.1 Adoption of Recommended Traffic Class Mapping for 

Domain1 

First, the results of strategies 1, 2 and 3 from Table 3 are compared to evaluate the 

recommended traffic class mapping for Domain1. The number of traffic classes for 

Domain2 is controlled to be eight while that for Domain1 varies as eight, four and one. 

Together, number of traffic classes for Domain1 and Domain2 are also shown in bracket 

that are separated by hyphen. The x-axis represents the number of traffic classes while the 

y-axis represents the average latency of each use case traffic in milliseconds. Markers with 

a given color represent the average latency for use cases with specific number of traffic 

classes. 

 

 

Figure 12: Latency results of adoption of recommended traffic class mapping for Domain1 

0

2

4

6

8

10

12

14

8
( 8 - 8 )

4
( 4 - 8 )

1
( 1 - 8 )

LA
TE

NC
Y 

[M
S]

NO. OF TRAFFIC CLASSES

UC1 UC2 UC6 UC7 UC8 UC14 UC16 UC15



37 
 

5.2 Adoption of Recommended Traffic Class Mapping for 

Domain2 

The results of strategies 1, 4 and 5 from Table 3 are compared to evaluate the recommended 

traffic class mapping for Domain2. The number of traffic classes for Domain1 is controlled 

to be eight while that for Domain2 varies as eight, four and one. Together, number of traffic 

classes for Domain1 and Domain2 are also shown in bracket that are separated by hyphen. 

The x-axis represents the number of traffic classes while the y-axis represents the average 

latency of each use case traffic in milliseconds. Markers with a given color represent the 

average latency for use cases with specific number of traffic classes. 

 

 

Figure 13: Latency results of adoption of recommended traffic class mapping for Domain2  
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5.3 Mapping All Traffic into One Single Class 

The results of cases 3, 5 and 6 from Table 3 are compared to evaluate the effect of mapping 

all traffic into one single traffic class. The number of traffic classes for Domain1 and 

Domain2 are separated by hyphen. Each column represents stacked latency when different 

traffic class mappings are adopted. The x-axis represents the number of traffic classes while 

the y-axis represents the average latency of each use case traffic in milliseconds. Stacked 

elements with a given color represent the average latency for use cases with specific 

number of traffic classes. 

 

 

Figure 14: Latency results of mapping all traffic into one single class 
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5.4 Customized Traffic Class Mapping for Domain1 

The results of cases 3, 7 and 2 from Table 3 are compared to evaluate the customized traffic 

class mapping for Domain1. The number of traffic classes for Domain1 is shown, together 

with the number of traffic classes for Domain1 and Domain2 separated by hyphen in 

bracket. Each column represents stacked average latency when different traffic class 

mappings are adopted. The x-axis represents the number of traffic classes while the y-axis 

represents the average latency of each use case traffic in milliseconds. Stacked elements 

with a given color represent the average latency for use cases with the specific number of 

traffic classes. 

 

 

Figure 15: Latency results of customized traffic class mapping for Domain1  
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Meanwhile for the customized traffic class mapping case, worst-case latencies in Domain1 

are checked. The x-axis represents each use case while the y-axis represents the worst-case 

latency in milliseconds. The orange markers are the maximum latency requirements for 

use cases and the blue columns are the corresponding worst-case latencies.  

 

 

Figure 16: Worst-case latency results of customized traffic class mapping for Domain1 
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5.5 Customized Traffic Class Mapping for Domain2 

The results of cases 5, 7 and 4 from Table 3 are compared to evaluate the customized traffic 

class mapping for Domain2. The number of traffic classes for Domain2 is shown, together 

with number of traffic classes for Domain1 and Domain2 separated by hyphen in bracket. 

Each column represents stacked latency when different traffic class mapping is adopted. 

The x-axis represents the number of traffic classes while the y-axis represents the average 

latency of each use case traffic in milliseconds. Stacked elements a given color represent 

the average latency for use cases with specific number of traffic classes. 

 

 

Figure 17: Latency results of customized traffic class mapping for Domain2  
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Meanwhile for the customized traffic class mapping case, the worst-case latencies in 

Domain2 are checked. The x-axis represents each use case while the y-axis represents the 

worst-case latency in milliseconds. The orange markers are the maximum latency 

requirements for use cases and the blue columns are the corresponding worst-case 

latencies.  

 

 

Figure 18: Worst-case latency results of customized traffic class mapping for Domain2 
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5.6 Use of Stream Reservation 

The results of cases 7 and 8 from Table 3are compared to evaluate the use of stream 

reservation i.e. IEEE 802.1Qat, with the customized traffic class mapping. The x-axis 

represents each use case and the y-axis represents the average latency in milliseconds. 

Columns with a given color are the average latencies for use cases, of which result block 

to the left is without stream reservation while the one to the right is with stream reservation.  

 

 

Figure 19: Latency results of use of stream reservation  
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Meanwhile for the customized traffic class mapping case with stream reservation, the 

worst-case latencies are checked. The x-axis represents each use case while the y-axis 

represents the worst-case latency in milliseconds. The orange markers are the maximum 

latency requirements for use cases while the blue columns are the corresponding worst-

case latencies with and without stream reservation. 

 

 

Figure 20: Worst-case latency results of use of stream reservation  
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5.7 Use of Credit Based Shaper 

The results of cases 8 and 9 from Table 3 are compared to evaluate use of credit based 

shaper i.e. IEEE 802.1Qav, with the customized traffic class mapping. The x-axis 

represents each use case and the y-axis represents the average latencies in milliseconds. 

Columns with a given color are latencies for use cases, of which the result block to the left 

is with stream reservation only while the one to the right is with stream reservation + credit 

based shaper.  

 

 

Figure 21: Latency results of use of credit based shaper 
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Meanwhile for the customized traffic class mapping case with stream reservation + credit 

based shaper, worst-case latencies are checked. The x-axis represents each use case while 

the y-axis represents the worst-case latencies in milliseconds. The orange markers are the 

maximum latency requirements for use cases while the columns are the corresponding 

worst-case latencies with stream reservation + credit based shaper and with stream 

reservation only. 

 

 

Figure 22: Worst-case latency results of use of credit based shaper  
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Moreover, the corresponding buffer fill level on Switch1 is illustrated. The blue columns 

represent its buffer fill level in bytes with stream reservation only and with stream 

reservation + credit based shaper.  

 

 

Figure 23: Buffer fill level results of use of credit based shaper 
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However, when the idle slope of credit based shaper is configured to be relatively small, 

results of the latency of UC2 and buffer fill level on Switch1 are presented below (both 

still with stream reservation). The orange columns represent latencies in milliseconds and 

the blue columns represent its buffer fill level in bytes. 

 

 

Figure 24: Latency results of use of credit based shaper with small idle slope 

 

 

Figure 25: Buffer fill level results of use of credit based shaper with small idle slope  
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Chapter 6  

Analysis and Evaluations 
 

In this chapter, we carry out analysis and evaluations based on simulation results, which 

concern effects brought by the number of traffic classes, use of stream reservation and use 

of credit based shaping. Finally, we give an overall evaluation, acting as guideline of 

configuration strategy covering the three aspects. 

 

6.1 Number of Traffic Classes 

The analysis of effects brought by number of traffic classes is considered in sections 5.1 - 

5.5, where different numbers of traffic classes have been configured and simulated. 

As described in section 4.2, the initial approach to make full use of the priority queues 

limits extensibility. When analyzing the effect on one domain, the number of traffic classes 

for the other domain is kept constant, that is, controlled. By doing this we have a consistent 

environment for generating objective results. The analysis begins with adoption of 

recommended traffic mapping table according to Table 2, which maps traffic of different 

priorities of PCPs in to specific traffic classes based on number of available number of 

traffic classes. For instance, if there are four traffic classes, then traffic of PCPs 0 and 1 is 

mapped into traffic class 0, traffic of PCPs 2 and 3 is mapped into traffic class 1 and so on. 

As can be seen from Figure 12, the use of less traffic classes causes a growing amount of 

latency because now in each priority queue there are more packets conflicting with each 

other in front of the scheduler. Traffic mapped to priority queue of higher CoS undergoes 

less latency additions. One can also find that the use of four traffic classes do not cause 

considerable delay for the most critical traffic, namely the UC1 and UC2. In this case, they 

are mapped into the same traffic class of the highest CoS that is 4. Due to that UC1 size is 
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small, its delay is relatively small and UC2's extra delay caused by it is also negligible. In 

the meantime, since the CoS for these two traffic is the highest, they are still benefiting 

from the prioritization over those of lower CoS. Moving further to the case where all traffic 

is mapped into one single class for Domain1, significant delays can be noticed. Compared 

with case of four classes, mapping all traffic into one single class means only one priority 

queue with mixture of every data profile and loss of prioritization brought by CoS, since 

no traffic is treated specially. If traffic in the same priority queue is small then it is still fine 

speaking of latency, just like UC1 and UC2 in the case of four traffic classes. While, there 

could be video data that can be long and burst. In such situation, if any of such traffic has 

started transmission then others in the same queue could be affected by its packets. This 

interprets why it leads to a relatively big amount of latency added to UC2 when there is 

barely one priority queue - a video stream waiting for another video stream is of very high 

cost. For those of smaller amount of data like audio, delays they cause are yet not 

significant for that they can still find chance to finish the short transmission in between 

gaps where packets of those big ones arrive at the port.  

One shall also note that there is a swift turning for UC8 from case of four traffic classes to 

one, of which latency becomes smaller. The interpretation is that it requires little bandwidth 

due to its small sized packets, it does not conflict intensively with only UC7 and UC6 as 

they are mapped together into the same priority queue. Instead, it is now put in a broader 

field where all packet of different traffic might come at any time. Thus, latency for such 

tiny traffic is affected randomly by system distribution. 

Likewise, as shown in Figure 13, similar analysis outcomes as that for Domain 1 can be 

achieved. We can see a trend of increased latency with decreased number of traffic classes. 

When the traffic was jittered, results are inflected, especially for frame-based UC9-12 that 

have a jitter of 5 ms that is quite much for their short transmission period of 40 ms. Besides 

those minor variances of latencies, there is big addition of latency for UC4 and UC5, of 

which UC4 is affected to a greater extend. Recall from the simulation network structure in 

section 3.1, ECU13 generating UC4 and ECU9 generating UC13 to be sent to ECU8, are 

connected to the same switch Switch3. Due to this fact, when the number of traffic class is 
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reduced from eight to four, UC4 has to compete with UC13 together with those UC9-12. 

This adds extra delay for all traffic that is mapped to the same priority queue. 

Last but not least, by analyzing effect of all traffic mapped into one single class as presented 

in Figure 14, it can be seen that a single mapped class for both domains provides the worse 

outcomes, not only in total but also for the most time-critical traffic, compared with 

controlled cases as described above. 

To summarize the findings of cases so far, full use of all priority queues limits extensibility, 

while mapping traffic into one single traffic class with one single queue causes significant 

delays especially for those of the most time critical traffic. The middle case of four traffic 

classes results in intermediate outcomes, performing slightly worse than eight classes but 

much better than one single class. However, it would be worthy to further reduce number 

of traffic classes if possible. Another key point gotten from the analysis is to separate those 

traffic that are expected to have special treatment from others. An example is to let UC2 

having its own priority queue. In such way, they are provided with priority and others are 

still controlled in an acceptable level.  

With the summary above kept in mind, a last approach regarding number of traffic class is 

conducted, that is, to adopt customized traffic class mapping. The customized mapping 

defines three traffic classes for Domain1 and two for Domain2 and is illustrated in Figure 

15 and Figure 17 section 5.4 and 5.5. 

In general, a further reduced number of traffic classes, namely three, performs similarly to 

the case of four classes for both domains. For Domain1, in comparison to four traffic 

classes, since UC2 is now in the priority queue lower than UC1, it experiences a bit more 

latency. In contrast, UC1 benefits from having a priority queue dedicated to it with the 

highest CoS value and therefore experiences least latency among all cases. Besides the two 

priority queues of highest CoS, others that are allocated to the same priority queue are 

competing and this leads to longer latencies, such as for UC7.  

When it comes to Domain2, separation in two traffic classes of time-sensitive data and 

non-time-sensitive traffic gives better latency and extensibility. Comparing to case of four 
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traffic classes, these data compete in a broader range and they are transmitting small 

packets in relatively high frequency. 

For both domains, it is also worth mentioning that the customized traffic class mapping 

fulfils requirements for the worst cases. This is proven by 16 and Figure 18. 

Finally, to sum up all analysis on number of traffic classes, customized traffic class 

mapping brings latencies under maximum requirements for both domains, by separating 

traffic of data profiles on purpose. Among these cases, the customized mapping which has 

three classes for Domain1 and two classes for Domain2 is proven to be the best. On one 

hand, it reduces number of traffic classes as much as possible. On the other hand, it 

guarantees the most time-critical traffic to experience least latencies, with additional 

latency added on to those of lower priority but still having budget for extra latency. 

 

6.2 Stream Reservation 

We now know that it results in best-balanced QoS using the customized traffic class 

mapping, where there are three and two classes for Domain 1 and Domain 2, respectively. 

With such traffic class mapping strategy selected that satisfies the requirements for 

extensibility and latency performance, it is time to explore how stream reservation can help 

to further improve latency. Based on results in section 5.6, a general reduction of latency 

can be noticed. In Figure 19, UC1 and UC2 experience even less latency. Thanks to their 

tiny sizes and priority queues of higher CoS values, those packets are queued very shortly.  

Instead, they arrive and transmit swiftly just after a packet of lower priority that is currently 

being put on sending queue. And clearly, they are still under the maximum latency 

requirement, as shown in Figure 20 under the same section. 

Unfortunately, as mentioned previously, the stream reservation cannot be fully simulated 

in the tool and it works together with traffic shaper in real world. This indicates a lack of 

features including talker and listener registration etc. While, the configuration strategies 

mainly attempt to show its effect in using high frequency with tiny packet size, which is 

part of the scheme. What has been configured and simulated as per stream reservation is 
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the use of high frequencies for both SR-A and SR-B traffic classes. Thus SR-A traffic 

message is transmitted every 125 us while SR-B traffic message is transmitted every 250 

us. Meanwhile, recall from the end of section 2.5.3.4 describing the prerequisite for stream 

reservation and credit based shaper, PCPs of the two traffic for stream reservation are 

mapped onto traffic classes that support credit based shaper. Analysis of the next case 

illustrates the combination of stream reservation and credit based shaper.  

 

6.3 Traffic Shaper 

Credit based shaper balances both high priority traffic and lower ones, meaning to shape 

burst and/or misbehavior traffic and offer lower priority traffic fair chances to transmit data 

without being blocked for too long time. More details have been discussed in section 

2.5.3.4. 

In Figure 21, the latency results of use of credit based shaper are presented to compare the 

average latency with stream reservation only, and with both stream reservation and credit 

based shaper. We can see that the shaped traffic, that is, UC2 experience some more 

latency. The shaper shapes the UC2 while others benefit by being allocated more 

bandwidth hence gaining more chances to be transmitted. Examples are UC7 and UC16 

that have now much lower latency. UC1 is not affected since it is still of the highest priority 

and is not really shaped. Moreover, as can be seen in Figure 22 in the same section, worst-

case latency of UC2 is undergoing a bit more delays due to the shaper while others' worst-

case latencies remain the same. The reason is that worst-cases digs into corner cases where 

all traffic packets are transmitted simultaneously. The credit-based shaper does not 

influence the triggering of transmission. Instead, it limits and hinders the transmission of 

the shaped traffic. Nevertheless, the latency is acceptable and so are others. 

Although latency of the shaped traffic is increased, it contributes to better buffer fill level 

speaking of those traffic that is unshaped. Reasonably shaped traffic enables lower priority 

traffic to occupy less buffer. In this case, shaping UC2 opens possibility to transmit many 

other traffic that are mapped into lower traffic class rather than keep them buffered when 

UC2 is being transmitted. Figure 23 presents the difference of buffer fill level between the 
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cases with and without credit based shaper. It can be noticed that use of Qat+Qav performs 

better than the former case which is not equipped with a shaper on high priority queue. 

But since that UC2 is very time-critical and is not expected to be delayed too much, the 

idle slope for its shaper is just slightly lower than the bandwidth it needs. Otherwise, it 

would lead to results of the last case, of which the idle slope is configured to be too small 

for the shaped traffic. Under such circumstance, latency of UC2 is extremely increased to 

be unacceptable as shown in Figure 24, for that the bandwidth after shaping is not sufficient 

and its packets must wait and be queued for too long time. Lastly, the buffer fill level is 

not improved either though the lower priority traffic has now provided with more 

bandwidth. This is illustrated in Figure 25. Too much shaping forces UC2 to be queued. 

The buffer for its priority queue is filled quickly and has big risk of overflow which is 

strongly disfavored. 

 

6.4 Overall Evaluation 

The analysis in this chapter has been revolving three aspects - number of traffic classes, 

use of stream reservation and use of credit based shaper. 

The first consideration is to avoid full use of all priority queues but keep a good 

segmentation of traffic based on its data profiles. It has been revealed that strictly following 

recommended traffic mapping tables does not provide satisfying latency since traffic of 

different data profiles are mixed in same traffic classes, brining no special treatments to 

traffic of high priority. Meanwhile, obviously mapping all traffic into one single traffic 

class results in most latency that is not expected for those which are very time-critical. 

Therefore, based on the evaluation on these two ways of traffic mapping, a customized 

traffic class mapping with less number of traffic classes and dedicated priority queues for 

most time-critical traffic has been proved to be the key to best QoS – it not only reduces 

the number of traffic classes and contributes to extensibility of buffer budget, but also 

guarantees the most time-critical traffic to have least latency. Last but not least, worst-case 

latencies do not violate the maximum requirements either. Therefore, the customized traffic 

class mapping where there are three and two classes for each domain, has been evaluated 
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and shown to be the best configuration strategy in regard to number of traffic classes, as 

well as, its effects on latency and worst-case latency. 

Furthermore, a well configured stream reservation plus credit based shaper with proper idle 

slope leads to fairer chance for lower priority traffic to transmit as expected. By meaning 

proper, it has been compared with a relatively small idle slope of traffic shaper which 

causes tremendous and unacceptable increase of both latency and buffer fill level. Through 

such evaluation, we have now learnt to not shape time-critical traffic class too much since 

it blocks its own data flow and eventually increases latency and buffer fill level. Hence, 

the network architect should be careful when configuring the stream reservation with credit 

based shaper, keeping in mind the results of evaluations. 

Yet, all these configurations shall be based on scenarios where there is still space for extra 

overhead when one has to compromise multiple factors including number of traffic classes, 

use of schemes, latency and buffer fill level. 

To summarize, a configuration of customized traffic class mapping with reduced number 

of traffic classes, separation of time-critical traffic from others, use of stream reservation 

and use of properly parameterized credit based shaper lead to best QoS of latency, worst-

case latency and buffer fill level among all strategies. The evaluation has addressed the 

research problem on switch configuration in this thesis and can make network architect 

aware of what factors should be considered and how to approach best QoS while deploying 

automotive Ethernet in vehicle.  
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Chapter 7 

Requirements on Switches 

 
In this chapter, we define the requirements on switches that cooperate with the 

configurations. This concerns both what IEEE standards the switches should have, as well 

as what hardware supports they should be equipped with.  

With knowledge about standards, data profile for use cases and related topics, network 

architects would need to define what requirements on switches are. Requirements on 

switches are prerequisites of configurations since configurations are expected to be 

supported by switches that can be bought on market. Otherwise, simply simulating and 

planning to implement features which are not yet supported in real world is meaningless. 

According to the IEEE 1722 standard [25] [35] which defines how time-sensitive stream 

data is transmitted, all AVB endpoints that send of received time-sensitive data, as well as 

the switches in the same AVB network, need to support IEEE 802.1AS, IEEE 802.1Qat 

and IEEE 802.1Qav. In details, IEEE 802.1AS has gPTP covering BMCA and special 

profile of PTP that can timestamp and synchronize data across the network, especially for 

those audio/video stream data. Built on the basis of timing and synchronization, IEEE 

802.1Qat together with IEEE 802.1Qav ensures bandwidth reservation and maximum 

boundary latency for AVB traffic, that is, they guarantee QoS. It is also stated "AVTP end 

stations that only support data formats that are not time sensitive are not required to support 

TSN services. The behavior of a Talker, Listener, or bridge on the network that forwards 

AVTP audio, video or time-sensitive control data and does not support the TSN protocols 

is out of the scope of this standard."[35] This implies that there are other technologies 

which can lead to similar effect. But in this degree project, the focus has been put onto 

IEEE standards and therefore these three standards as mentioned are regarded as the 

minimum requirements on switches and endpoints. So, the switches shall at least support 
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hardware ingress and egress time stamping, priority queues and mapping, shapers, AVB 

SR classes mapping, buffer allocation per port and corresponding components that are 

defined and required in those standards.  

However, the requirements on switches mentioned above apply only AVB/TSN usages, 

that is, when there is time-sensitive audio/video and other data in the network which have 

high demands on QoS (in regard to guaranteed latency, zero packet loss, stable bandwidth 

reservation and so on). If a network and its data traffic with basic QoS provided by IEEE 

802.1Q VLAN tagging perform well to the expectation, then it is not necessary to 

implement these AVB features. Furthermore, if the data traffic is not time-sensitive at all, 

no QoS scheme might be needed to be equipped on switches and endpoints. While based 

on related works and experience, this is usually not the case for in-vehicle networks.  

Besides, the defined use cases with assumptions would need at least eight Ethernet 100 

Mbit/s ports on Switch1, at least four Ethernet 100Mbit/s ports and one 1 Gbit/s port on 

Switch2 and at least four Ethernet 100 Mbit/s ports on both Switch3 and Switch4. 

Alternatively, it is also preferred that the switch can be equipped with security features 

such as broadcast storm- and denial of service attack protections. 
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Chapter 8  

Conclusions and Future Work 

 
In this chapter, we conclude our findings from the simulations, analysis and evaluations. 

We also propose future works that are recommended to be studied further. 

 

8.1 Conclusions 

Ethernet network deployment in heavy vehicles is imperative because of increasing 

demands on bandwidth for ADAS, navigation and infotainment functionalities, which 

existing network technologies like CAN cannot provide. Besides sufficient bandwidth, 

related IEEE standards even make it possible to ensure QoS. It raises up the two questions 

to be addressed in this thesis: 

1) While deploying Ethernet network based on defined use cases and data profiles, how 

should the switches be configured to achieve best QoS when it comes to latency, worst-

case latency and buffer fill level, with adjustments of traffic classes numbers, use of stream 

reservation and use of traffic shaper? 

2) What are the requirements on switches, in regard to IEEE standards and corresponding 

hardware support, that make it possible to deploy Ethernet network with the configurations 

achieving best QoS? 

A simulation has been built up, by adopting and testing different configuration strategies 

to evaluate effects brought by the number of traffic classes, use of stream reservation and 

credit based shaper. Through analyzing and evaluating the results, it has shown that the 

customized traffic class mapping strategy where there are two and three traffic classes 

mapped respectively for domain1 and 2 provides least latency for most time-critical traffic 
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and still has control over latencies for the rest of traffic. With proper use of stream 

reservation and credit based shaper leads to the best QoS in regard to latency, worst-case 

latency and buffer fill level. The results indicate that a carefully selected parameter of idle 

slope needs to be configured for the credit based shaper so that the shaped traffic itself is 

not blocked for a long time. This addresses the first research problem. 

By defining use cases with reasonable assumptions, the study has pointed out and 

introduced IEEE standards that are related and suitable. Besides, minimum requirements 

on switch for building up a corresponding automotive Ethernet network are specified for 

different uses, especially when there are audio and video stream data. Those switches to be 

purchased and utilized are required to be equipped with IEEE 802.1Q tagging scheme for 

prioritization of traffic, time synchronization, stream reservation and credit based shaper. 

In the meantime, hardware support including port transmission rate and number of ports 

should meet the demands of use cases.  This addressed the second research problem. 

The whole process from defining use cases with assumptions, specifying requirements on 

switches and testing different configuration strategies, to analyzing and evaluating results 

of interests would act as guideline and design rule for network architects to follow and 

implement. Taking the requirements on switches and configuration strategy of best QoS 

together into consideration, the study in this degree project is expected to help future 

development and deployment of in-vehicle automotive Ethernet network in a structured 

and fast way.  

 

8.2 Recommendations for Future Work 

Due to limitation of time, the network configuration is analyzed in simulation yet not on 

real implementation. One of the future steps is to implement the configuration strategy and 

corresponding techniques onto a development board. Ethernet deployment in heavy 

vehicles could take long time before becoming production. During the process, it is 

expected to define more detailed and precise use cases and requirements in order to get 

closer to success regarding both simulation and implementation. The simulations and 

implementations themselves are iterative, meaning that one can always simulate firstly to 
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get a picture of how things are planned to work, then confirm it in the real testing 

environment and see what should be improved, back and forth. Moreover, the entire 

network should be equipped with protection to attacks and thus needs researches on cyber 

security.  
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Appendix A: Data Profile  

 
The data profiles are given as below. Each data is assigned name of UC (Use Case), a sender, 
receiver(s), PCP (Priority Code Point), the minimum and maximum size in bytes, activation 
including period (P) and jitter (J) in millisecond, and the maximum requirement on latency in 
millisecond. Those of no MAX.LATENCY have no specified requirement on latency. 

 

A.1 Data Profile without Stream Reservation 

NAME SENDER RECEIVER PCP SIZE ACTIVATION MAX. LATENCY 
UC1 ECU5 ECU7 8 [1438;1438] P(23 ms) 2 ms 
UC2 ECU9 ECU5 7 [51875;51875] P(16.6 ms) 50 ms 
UC3 ECU14 ECU8 7 [2800;2800] P(25 ms)+J(2 ms) 10 ms 
UC4 ECU13 ECU8 6 [1460;1460] P(0.5 ms)+J(0.2 ms) 10 ms 
UC5 ECU17 ECU8 6 [1460;1460] P(0.5 ms)+J(0.2 ms) 10 ms 
UC6 ECU3 ECU7 6 [14380;28760] P(23 ms) 20 ms 
UC7 ECU3 ECU5 5 [51875;51875] P(16.6 ms) 100 ms 
UC8 ECU3 ECU5 5 [250;250] P(50 ms) 100 ms 
UC9 ECU11 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC10 ECU12 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC11 ECU15 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC12 ECU16 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC13 ECU9 ECU8 4 [20588;20588] P(27 ms) 10 ms 
UC14 ECU2 ECU7 4 [14380;28760] P(23 ms) 20 ms 
UC15 ECU2 ECU5 4 [100;100] P(50 ms) 20 ms 
UC16 ECU2 ECU5 3 [51875;51875] P(16.6 ms) 100 ms 
UC17 ECU3 ECU8 3 [15625;15625] P(100 ms) 100 ms 
UC18 ECU6 ECU8 3 [15625;15625] P(100 ms) 100 ms 
UC19 ECU8 ECU3, ECU6 2 [15625;15625] P(100 ms) 100 ms 
UC20 ECU3 ECU6 2 [15625;15625] P(100 ms) 100 ms 
UC21 ECU6 ECU3 2 [15625;15625] P(100 ms) 100 ms 
UC22 ECU3 ECU8 2 [1500;1500] P(50 ms)  
UC23 ECU3 ECU6 2 [15625;15625] P(100 ms) 100 ms 
UC24 ECU6 ECU3 2 [15625;15625] P(100 ms) 100 ms 
UC25 ECU5 ECU2 2 [625;625] P(50 ms) 50 ms 
UC26 ECU4 ALL 1 [1500;1500] P(50 ms)  
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A.2 Data Profile with Stream Reservation 

NAME SENDER RECEIVER PCP SIZE ACTIVATION MAX. LATENCY 
UC1 ECU5 ECU7 8 [8;8] P(125 us) 2 ms 
UC2 ECU9 ECU5 7 [781;781] P(250 us) 50 ms 
UC3 ECU14 ECU8 7 [2800;2800] P(25 ms)+J(2 ms) 10 ms 
UC4 ECU13 ECU8 6 [1460;1460] P(0.5 ms)+J(0.2 ms) 10 ms 
UC5 ECU17 ECU8 6 [1460;1460] P(0.5 ms)+J(0.2 ms) 10 ms 
UC6 ECU3 ECU7 6 [14380;28760] P(23 ms) 20 ms 
UC7 ECU3 ECU5 5 [51875;51875] P(16.6 ms) 100 ms 
UC8 ECU3 ECU5 5 [250;250] P(50 ms) 100 ms 
UC9 ECU11 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC10 ECU12 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC11 ECU15 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC12 ECU16 ECU8 5 [14600;39420] P(40 ms)+J(5 ms) 10 ms 
UC13 ECU9 ECU8 4 [20588;20588] P(27 ms) 10 ms 
UC14 ECU2 ECU7 4 [14380;28760] P(23 ms) 20 ms 
UC15 ECU2 ECU5 4 [100;100] P(50 ms) 20 ms 
UC16 ECU2 ECU5 3 [51875;51875] P(16.6 ms) 100 ms 
UC17 ECU3 ECU8 3 [15625;15625] P(100 ms) 100 ms 
UC18 ECU6 ECU8 3 [15625;15625] P(100 ms) 100 ms 
UC19 ECU8 ECU3, ECU6 2 [15625;15625] P(100 ms) 100 ms 
UC20 ECU3 ECU6 2 [15625;15625] P(100 ms) 100 ms 
UC21 ECU6 ECU3 2 [15625;15625] P(100 ms) 100 ms 
UC22 ECU3 ECU8 2 [1500;1500] P(50 ms)  
UC23 ECU3 ECU6 2 [15625;15625] P(100 ms) 100 ms 
UC24 ECU6 ECU3 2 [15625;15625] P(100 ms) 100 ms 
UC25 ECU5 ECU2 2 [625;625] P(50 ms) 50 ms 
UC26 ECU4 ALL 1 [1500;1500] P(50 ms)  
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Appendix B: Simulation Results 

  
Time unit for latency and worst-case latency is millisecond (ms). Tables are intended to support 
figures of the same name therefore some parts are duplicated. 

 

Table 4: Latency results of adoption of recommended traffic class mapping for Domain1 

 8 
(8-8) 

4 
(4-8) 

1 
(1-8) 

UC1 0.339 0.35 0.419 
UC2 4.894 4.986 11.788 
UC6 2.581 6.207 6.335 
UC7 6.913 9.927 12.979 
UC8 2.196 6.284 3.393 
UC14 2.523 5.652 5.946 
UC16 9.139 10.149 11.656 
UC15 6.761 8.987 11.354 
UC25 0.209 0.209 0.209 
UC26 1.92 10.4 7.423 
UC19 4.801 2.242 1.749 
UC20 5.148 2.883 5.757 
UC21 1.527 2.832 1.527 
UC23 7.296 7.828 3.801 
UC24 1.527 1.527 1.527 
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Table 5: Latency results of adoption of recommended traffic class mapping for Domain2 

 8 
(8-8) 

4 
(8-4) 

1 
(8-1) 

UC3 0.672 0.671 1.469 
UC4 0.683 2.612 3.771 
UC5 0.578 1.25 3.535 
UC9 4.633 5.809 6.893 
UC10 4.468 4.881 6.602 
UC11 4.645 4.359 5.668 
UC12 4.407 4.351 6.573 
UC13 6.157 6.166 6.047 
UC22 6.919 3.006 6.375 
UC17 5.963 3.692 7.426 
UC18 1.634 1.634 1.641 
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Table 6: Latency results of mapping all traffic into one single class 

 1-8 8-1 1-1 
UC1 0.419 0.339 0.423 
UC2 11.788 5.2 12.831 
UC6 6.335 2.563 6.654 
UC7 12.979 6.563 13.1 
UC8 3.393 4.631 9.685 
UC14 5.946 2.61 8.657 
UC16 11.656 7.538 12.597 
UC15 11.354 4.068 6.593 
UC13 6.157 6.047 5.654 
UC3 0.685 1.469 1.498 
UC4 0.795 3.771 1.445 
UC5 0.58 3.535 4.062 
UC9 4.829 5.668 4.312 
UC10 4.732 6.602 4.619 
UC11 4.532 5.668 7.278 
UC12 4.575 6.573 6.993 
UC25 0.209 0.209 0.209 
UC26 7.423 1.776 0.851 
UC19 1.749 2.736 1.749 
UC20 5.757 2.266 5.666 
UC21 1.527 1.527 1.527 
UC23 3.801 5.856 4.533 
UC24 1.527 1.527 1.527 
UC22 4.144 6.375 4.289 
UC17 1.641 7.426 2.186 
UC18 1.641 1.641 1.634 
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Table 7: Latency results of customized traffic class mapping for Domain1 

 1 
(1-8) 

3 
(3-2) 

4 
(4-8) 

UC1 0.419 0.0339 0.35 
UC2 11.788 5.497 4.986 
UC6 6.335 6.225 6.207 
UC7 12.979 12.985 9.927 
UC8 3.393 1.394 6.284 
UC14 5.946 8.263 5.652 
UC16 11.656 13.094 10.149 
UC15 11.354 5.828 8.987 
UC25 0.209 0.209 0.209 
UC26 7.423 6.489 10.4 
UC19 1.749 1.749 2.242 
UC20 5.757 1.527 2.883 
UC21 1.527 1.527 2.832 
UC23 3.801 1.527 7.828 
UC24 1.527 1.527 1.527 
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Table 8: Worst-case latency results of customized traffic class mapping for Domain1 

  worst-case latency latency requirement 
UC1 0.518 2 
UC2 6.926 50 
UC6 14.326 20 
UC7 25.115 100 
UC8 17.68 100 
UC14 9.996 20 
UC16 20.786 100 
UC15 13.351 20 
UC25 0.453 50 
UC26 14.111  
UC19 9.222 100 
UC20 14.443 100 
UC21 7.263 100 
UC23 14.443 100 
UC24 7.263 100 
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Table 9: Latency results of customized traffic class mapping for Domain2 

 1 
(8-1) 

2 
(3-2) 

4 
(8-4) 

UC13 6.047 5.768 6.166 
UC3 1.469 1.276 0.671 
UC4 3.771 1.462 2.612 
UC5 3.535 1.283 1.25 
UC9 5.668 4.525 5.809 
UC10 6.602 4.207 4.881 
UC11 5.668 4.4 4.359 
UC12 6.573 4.437 4.351 
UC22 6.375 2.041 3.006 
UC17 7.426 4.624 3.692 
UC18 1.641 1.634 1.634 
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Table 10: Worst-case latency results of customized traffic class mapping for Domain2 

 worst-case latency latency requirement 
UC13 6.378 10 
UC3 5.143 10 
UC4 5.019 10 
UC5 4.772 10 
UC9 8.227 10 
UC10 8.227 10 
UC11 7.98 10 
UC12 7.98 10 
UC22 13.778  
UC17 13.778 100 
UC18 6.598 100 
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Table 11: Latency results of use of stream reservation 

 
without Qat 
(3-2) 

with Qat 
(3-2) 

UC1 0.339 0.235 
UC2 5.497 2.058 
UC6 6.225 6.557 
UC7 12.985 10.698 
UC8 1.394 2.445 
UC14 8.263 6.768 
UC16 13.094 11.498 
UC15 5.828 1.636 
UC13 5.768 1.863 
UC3 1.276 1.261 
UC4 1.462 1.395 
UC5 1.283 1.304 
UC9 4.525 4.306 
UC10 4.207 4.415 
UC11 4.4 4.456 
UC12 4.437 4.25 
UC25 0.209 0.209 
UC26 6.489 1.221 
UC19 1.749 2.158 
UC20 1.527 2.282 
UC21 1.527 1.657 
UC23 1.527 2.283 
UC24 1.527 1.527 
UC22 2.041 1.145 
UC17 4.624 3.66 
UC18 1.634 1.645 
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Table 12: Worst-case latency results of use of stream reservation 

  
worst-case 
latency 

worst-case 
latency 
with Qat 

latency 
requirement 

UC1 0.518 0.29 2 
UC2 6.926 2.393 50 
UC6 14.326 14.501 20 
UC7 25.115 22.734 100 
UC8 17.68 12.644 100 
UC14 9.996 10.171 20 
UC16 20.786 18.405 100 
UC15 13.351 8.314 20 
UC13 6.378 2.005 10 
UC3 5.143 5.143 10 
UC4 5.019 5.019 10 
UC5 4.772 4.772 10 
UC9 8.227 8.227 10 
UC10 8.227 8.227 10 
UC11 7.98 7.98 10 
UC12 7.98 7.98 10 
UC25 0.453 0.339 50 
UC26 14.111 11.73  
UC19 9.222 5.938 100 
UC20 14.443 14.443 100 
UC21 7.263 7.263 100 
UC23 14.443 14.443 100 
UC24 7.263 7.263 100 
UC22 13.778 13.778  
UC17 13.778 13.778 100 
UC18 6.598 6.598 100 
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Table 13: Latency results of use of credit based shaper 

 
with Qat only 
(3-2) 

with Qat+Qav  
(3-2) 

UC1 0.235 0.235 
UC2 2.058 3.935 
UC6 6.557 6.16 
UC7 10.698 8.275 
UC8 2.445 1.741 
UC14 6.768 6.434 
UC16 11.498 8.044 
UC15 1.636 6.055 
UC25 0.209 0.209 
UC26 1.221 2.115 
UC19 2.158 2.546 
UC20 2.282 1.527 
UC21 1.657 1.527 
UC23 2.283 3.245 
UC24 1.527 1.527 

 

  



77 
 

Table 14: Worst-case latency results of use of credit based shaper 

 

worst-case 
latency 
with Qat 

worst-case 
latency 
with Qat+Qav 

latency 
requirement 

UC1 0.29 0.29 2 
UC2 2.393 4.167 50 
UC6 14.501 14.501 20 
UC7 22.734 22.734 100 
UC8 12.644 12.644 100 
UC14 10.171 10.171 20 
UC16 18.405 18.405 100 
UC15 8.314 8.314 20 
UC13 2.005 2.005 10 
UC3 5.143 5.143 10 
UC4 5.019 5.019 10 
UC5 4.772 4.772 10 
UC9 8.227 8.227 10 
UC10 8.227 8.227 10 
UC11 7.98 7.98 10 
UC12 7.98 7.98 10 
UC25 0.339 0.29 50 
UC26 11.73 11.73  
UC19 5.938 5.938 100 
UC20 14.443 14.443 100 
UC21 7.263 7.263 100 
UC23 14.443 14.443 100 
UC24 7.263 7.263 100 
UC22 13.778 13.778  
UC17 13.778 13.338 100 
UC18 6.598 6.598 100 
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