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Abstract 

 
FlexRay is a real-time communication protocol for automotive networks which was 

developed by a consortium of over hundred automotive companies. A communication cycle in 

FlexRay consists of an event driven segment known as dynamic segment. we have studied the 

delays suffered by messages that are transmitted in the dynamic segment of FlexRay. To obtain this 

goal we have used FlexRay nodes that were connected on a bus topology. We have various 

messages with same payloads and different transmission intervals. While transmitting we have 

stamped the frame with message instance counter, cycle number and message ID. On the receiving 

side, we have stamped each received message with current cycle number in order to get delay. 

Transmission delays are measured in terms communication cycles which are obtained by taking the 

difference of transmitting cycle and receiving cycle. 

Experimental results obtained showed that higher priority messages are delayed maximum 

by one cycle if they are placed in transmission buffer when their slot has passed. Whereas low 

priority message suffer delays or they might not sent at all if high priority messages have smaller 

transmission periods as compare to low priority messages.  

 

 

  

 

 

 

 

 

 

 

 

 

 

  



v 

 

 

 

 

 

 

Acknowledgments 

 
Apart from my efforts, the success of any thesis depends enormously on the encouragement, 

guidance and support of many others. I take this opportunity to express my gratitude to the people 

who have been instrumental in the successful completion of this thesis. 

 

I would like to show my greatest appreciation to Prof.Unmesh Dutta Bordoloi for his tremendous 

support and guidance. I would also like to say ‘thank you’ to my supervisor Bogdan Tanasa, whose 

guidance, help and motivation enabled me to complete this thesis and I would not have been able to 

do it without his encouragement. 

 

I would also like to show my gratitude to my colleagues, friends and family members who helped, 

supported and encouraged me in the course of writing this thesis. I shall be forever grateful for their 

contributions and support. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



vi 

 

Table of Contents 

1. Introduction ________________________________________________________________ 1 

1.1. In-Vehicle Networks ____________________________________________________________ 1 

1.2. In-Vehicle Protocols ____________________________________________________________ 2 
1.2.1. CAN (Controller Area Network) __________________________________________________________ 3 
1.2.2. TT-CAN (Time Triggered CAN) ____________________________________________________________ 4 
1.2.3. FlexRay ______________________________________________________________________________ 5 

1.3. Motivation ___________________________________________________________________ 5 

1.4. Goals and Scope of Thesis _______________________________________________________ 6 

2. FlexRay Protocol ____________________________________________________________ 7 

2.1. Introduction __________________________________________________________________ 7 

2.2. Architecture __________________________________________________________________ 8 

2.3. Topologies ____________________________________________________________________ 9 

2.4. Bus Access principles __________________________________________________________ 11 
2.4.1. Communication Cycle _________________________________________________________________ 11 
2.4.2. Static Segment _______________________________________________________________________ 12 
2.4.3. Dynamic Segment ____________________________________________________________________ 13 

3. Experimental Setup _________________________________________________________ 15 

3.1. Hardware Architecture _________________________________________________________ 15 

3.2. Software Architecture _________________________________________________________ 16 
3.2.1. TPI Layer ___________________________________________________________________________ 18 
3.2.2. Application Execution System (AES) Layer _________________________________________________ 19 
3.2.3. Application Layer _____________________________________________________________________ 20 

4. Experiments _______________________________________________________________ 24 

4.1. Application Configuration ______________________________________________________ 24 

4.2. Experimental Results __________________________________________________________ 26 
4.2.1. Experimental Scenario 1 _______________________________________________________________ 26 
4.2.2. Experimental Scenario 2 _______________________________________________________________ 27 
4.2.3. Experimental Scenario 3 _______________________________________________________________ 28 
4.2.4. Experimental Scenario 4 _______________________________________________________________ 28 

5. Conclusion and Future Work __________________________________________________ 31 

Bibliography ___________________________________________________________________ 32 

 

 

 
 

 

 

 

 

 

 



vii 

 

 

 

 

 

 

Table of Figures  
 
Figure 1.1: In-Vehicle Network _______________________________________________________________________ 1 
Figure 1.2: In-Vehicle Network Protocols [2] ____________________________________________________________ 3 
Figure 2.1: Single Bus FlexRay Cluster __________________________________________________________________ 8 
Figure 2.3: Multi-drop Bus Topology [6] ________________________________________________________________ 9 
Figure 2.2: Double Channel FlexRay Cluster _____________________________________________________________ 9 
Figure 2.4: Star Topology [7] ________________________________________________________________________ 10 
Figure 2.5: Dual Channel Single Star Topology [7] _______________________________________________________ 10 
Figure 2.6: Hybrid Topology [6] ______________________________________________________________________ 11 
Figure 2.7: Timing Hierarchy of Communication Cycle [8] _________________________________________________ 11 
Figure 2.8 : Communication Cycle Execution [8]_________________________________________________________ 12 
Figure 2.9: Dynamic Segment Structure [8] ____________________________________________________________ 13 
Figure 3.1 : Node Hardware Structure [11] ____________________________________________________________ 15 
Figure 3.2 : Physical Topology of FlexRay Cluster for the Thesis ____________________________________________ 16 
Figure 3.3 : System Overview [10] ____________________________________________________________________ 16 
Figure 3.4 : FlexRay Application Design Flow ___________________________________________________________ 17 
Figure 3.5 : skAES Initialization Call Sequence __________________________________________________________ 19 
Figure 3.6: skAES Normal Mode Execution Sequence [13] _________________________________________________ 20 
Figure 3.7 : Shutdown Scenario 1 ____________________________________________________________________ 20 
Figure 3.8 : Shutdown Scenario 2 ____________________________________________________________________ 20 
Figure 4.1 : Transmission Scenario 2 __________________________________________________________________ 27 
Figure 4.2 : Transmission Scenario 3 __________________________________________________________________ 28 
Figure 4.3 : Transmission Scenario 4 __________________________________________________________________ 29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///E:/Thesis/Results/Report%20V1%202nd%20copy.docx%23_Toc354666701
file:///E:/Thesis/Results/Report%20V1%202nd%20copy.docx%23_Toc354666703
file:///E:/Thesis/Results/Report%20V1%202nd%20copy.docx%23_Toc354666705
file:///E:/Thesis/Results/Report%20V1%202nd%20copy.docx%23_Toc354666715


viii 

 

 

 

 

 

List of Tables  
 
Table 1.1: Network Classifications ...................................................................................................................................... 2 
Table 3.1 : Receiving Frame Lookup Parameters [10] ....................................................................................................... 21 
Table 3.2 : Reception Frame Parameters [10] ................................................................................................................... 21 
Table 3.3 : Reception Message Return Status [10] ............................................................................................................ 22 
Table 3.4 : Transmission Frame Lookup Parameter [10] ................................................................................................... 22 
Table 3.5 : Transmission Frame Parameters [10] .............................................................................................................. 23 
Table 3.6 : Transmission Frame Return Status [10] ........................................................................................................... 23 
Table 4.1 : Protocol Constant Parameters ......................................................................................................................... 25 
Table 4.2 : Protocol Global Parameters ............................................................................................................................. 25 
Table 4.3: Local Node Protocol Parameters ...................................................................................................................... 26 
Table 4.4 : Experimental Scenario 1 .................................................................................................................................. 26 
Table 4.5 : Experimental Scenario 2 .................................................................................................................................. 27 
Table 4.6 : Experimental Scenario 3 .................................................................................................................................. 28 
Table 4.7 : Experimental Scenario 4 .................................................................................................................................. 29 

 



1 

 

1. Introduction 
 

This chapter gives an overview of automotive networks and communication protocols 

used in these networks. 

1.1. In-Vehicle Networks 
 

Innovations in automotive industry are replacing many of the hydraulic and 

mechanical systems with electrical control systems, which results in better performance but 

a more complex vehicle wiring. These control systems consist of one or more electrical 

modules and each module has its own controller. Examples of these modules are Engine 

Control Module, Transmission Control Module, ABS Control Module and Body Control 

Module etc. All these modules need to communicate with each other to perform their 

intended calculations and change vehicle dynamics according to the calculated outputs. 

These modules are called ECUs and today’s modern vehicles have around 80 to 100 ECUs, 

which exchange data for the safety critical applications and much more. 

Initially, all the ECUs were connected through wires which resulted in a very 

complex wiring and also had different wiring designs depending on the ECUs used and 

vehicle model. It became very difficult to troubleshoot electrical faults and hence a simpler 

communication infrastructure became the need of the industry.  As such, complex wiring 

was replaced by a common bus through which all ECUs exchange data. After this, it became 

easy for the manufacturers to choose ECUs and design wiring. This ultimately led to better 

maintenance and flexibility of adding and removing options without affecting the entire 

vehicle’s wiring architecture [1]. These nodes were dedicated to perform component related 

tasks for which they communicated with other nodes over the network. A simple in-vehicle 

network is shown in the Figure 1.1 below.  

 
 

  

Engine 

Control 

Module 

ABS 

Control 

Module 

Transmission 

Control 

Module 

Suspension 

Control 

Module 

Traction 

Control 

Module 

Climate 

Control 

Module 

Body 

Control 

Module 

Figure 1.1: In-Vehicle Network 
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1.2. In-Vehicle Protocols 
 

Today’s vehicles have many independent distributed nodes with a CPU on board (not 

all nodes) for fast computation requirements of safety critical and efficiency control 

modules. In real-time, these distributed computations are needed to be exchanged with other 

nodes. There are many constraints of this type of communication like time, reliability and 

stability etc to achieve adaptability, robustness, low cost and immunity to electronic noise 

[1]. Like in other data networks, there are also many communication protocols that are being 

used in in-vehicle networks.  . The common mediums used are, 

 

 Single wire 

 Twisted pair of wires 

 Optical Fibre 

 Untwisted pair of wires 

 

The choice of protocols depends upon manufacturer and applications being used in 

the vehicle. Initially when networks were introduced then it involved proprietary serial 

buses using UART (Universal Asynchronous Receiver/Transmitter) or custom devices [1]. 

But now a day’s global acceptance of external supplier is increasing rather than proprietary 

protocols, because standard protocols allow an open architecture to link manufacturer’s 

special system design with supplier’s standard design. This standardization also allows 

standard diagnostic, emission testers and economy of mass scale production. To classify the 

various standards, SAE (Society of Automotive Engineers) has defined three basic 

categories and one new category (Class D) of in-vehicle networks based on the speed and 

functionality [1]. 

 

Class A 

 Low Speed (<10Kb/s) 

 Convenience feature (Entertainment, Trip 

Computer, etc.) 

Class B 

 Medium Speed (10Kb/s to 125Kb/s) 

 Generally used for information transfer (Instruction 

Cluster, Vehicle Speed, Legislated Emissions Data, 

etc.) 

Class C 

 High Speed (125Kb/s to 1Mb/s or greater) 

 Used in Real-Time controls (Power Trail Control, 

Vehicle Dynamics, Brake by Wire, etc.) 

Class D 

 Speed greater than 1Mb/s 

 Used in applications such as Internet, digital TV, x-

by-wire. 
Table 1.1: Network Classifications 

It is not necessary that a vehicle uses only one class of protocol, today’s high end cars 

use a combination of many protocols. Protocols used in these vehicles depend on the 

applications, for example CAN is used for high reliability control applications like body 

systems, engine management and transmission; FlexRay is used for safety critical 

applications like x-by-wire applications, advance safety and collision avoidance systems, 

stability control and camera based monitoring systems [2].   
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Figure 1.2: In-Vehicle Network Protocols [2] 

1.2.1. CAN (Controller Area Network) 
 

CAN (Controller Area Network) was developed by BOSCH in 1986 and BOSCH 

published CAN 2.0 specification in 1991. CAN is a serial communication protocol which 

works very efficiently with distributed real-time controls along with high level of security 

[3]. CAN’s deployment ranges from low cost multiplex wiring to high speed networks. In 

automotives CAN is used for many different types of applications like power train, 

chassis, body control and safety. In automotive networks CAN offers a bit rate of 1Mbps, 

it is a cost effective solution and many wiring harness are avoided by using it in electric 

window, lamp cluster etc. CAN has been divided into sub layers in order to achieve 

design transparency and implementation flexibility and these layers are [3], 

 

 Object Layer 

 Transfer Layer 

 Physical Layer 

 

Here Object and Transfer layers comprise the functionality and services of data 

link layer as defined by ISO/OSI model, object layer actually plays a role of decision 

maker over transfer layer. The function of the object layer is to decide which message has 

to be sent, which received message has to be sent to the application layer and it also 

provides an interface to application layer hardware. Object layer selects message that 

needs to be sent and give it to transfer layer for transmission, similarly it receives 
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message from the transfer layer regardless how this message has been transmitted. 

Transfer layer is also responsible for controlling framing, error checking, error signaling 

and fault confinement etc. Transfer layer also checks the current status of the bus, it 

means that it checks bus when it is free for a new transmission. Physical layer like in all 

other networks provides a medium where electrical signals are transmitted. 

  

 Properties: 

 

  CAN has the following properties [3], 

 

 It prioritizes messages 

 It guarantees the latency times 

 It provides flexible configuration 

 It gives multicast reception with time synchronization 

 It provides system wide system consistency 

 It has multi-master 

 It detects error and signal about them 

 It retransmits corrupted messages automatically as it finds bus idle 

Layered Structure of CAN 

 

 Object Layer 

 Message Filtering 

 Message and Status Handling 

 

Transfer Layer 

 Fault Confinement 

 Error Detection and Signaling 

 Message Validation 

 Message Acknowledgment 

 Arbitration 

 Message Framing 

 Transfer Rate and Timing 

 

Physical Layer 

 Signal Level and Bit Representation 

 Transmission Medium 

1.2.2. TT-CAN (Time Triggered CAN) 
 

The CAN protocol discussed above is basically an event driven communication 

protocol, which means, messages are transmitted when an events occur. In the peak load 

when several events occur at the same time the CAN non-destructive arbitration 

mechanism transmits the message sequentially according to the priorities. CAN protocol 

have to follow a synchronized schedule in order to serve RTOS (Real-Time operating 

System) that uses static cyclic scheduling of all tasks, system integration and 
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composability. To follow static cyclic scheduling CAN nodes need to be synchronized in 

order to establish a global time in the network, which is not a part of CAN. That is why, 

a higher layer protocol is used above an unchanged CAN protocol to achieve this goal. 

TT-CAN is used for this purpose as higher layer protocol which is responsible for 

synchronization of communication schedule of all nodes in CAN network. This 

synchronization also provides a global system time that helps to transmit a specific 

message at a specific time slot without competing with other messages for bus access 

[4]. Global time based transmission avoids the loss of arbitration and makes it possible 

to predict the latency time of the communication. Along which time triggered 

communication, TTCAN nodes can also operate according to the standard CAN protocol 

as defined by ISO. 

1.2.3. FlexRay 
 

Advancements in automotive applications especially use of x-by-wire applications 

have rapidly changed the requirements of the networks. X-by-wire applications have 

replaced most of the hydraulic and mechanical systems with sensors and actuators. 

Functionality of these sensors and actuators were controlled by sophisticated electrical 

systems according to the applications requirements. These applications demands high 

data rates, fault tolerance and deterministic performance, which existing bus system 

cannot provide. So, next generation of bus system was needed for such applications, and 

then BMW and Daimler-Chrysler started the development of a new protocol in 1998 and 

named it FlexRay. After wards many major car manufacturers joined and FlexRay 

consortium was formed which published the protocol specification in 2004. 

FlexRay supports a data rate of 10Mbps and it is a hybrid protocol which shares 

bus with both time-triggered and event-triggered massages. On the media access control, 

it has recurring communication cycles, which consists of four segments static segment 

(ST), dynamic segment (DYN), symbol window and network idle time (NIT). The 

communication segments consist of two media access schemes TDMA and priority 

based scheme. Time triggered messages are carried through static segment which is just 

like TTP where as event triggered messages are carried by dynamic segment. More 

details of FlexRay protocol are given chapter 2. 

1.3. Motivation 
 

In [14], authors gave a theoretical worst case analysis of delays in dynamic 

segment communication. Authors have taken same periods for both high priority and 

low priority messages. They have discussed three components for worst case scenario, 

the first component being maximum delay in high priority messages. Maximum delay is 

suffered when messages arrive after their slots have passed. The second component was 

delays in low priority messages caused by high priority messages. The last component 

was time taken to transmit the messages. In this thesis, we have conducted the 

experiments and calculated delays based on experimental results. We have also taken 

same and different periods for high priority messages. Decoding time for messages is 

also considered in delay calculation in this thesis. 

In [15], authors proposed an algorithm for worst case response time (WCRT). 

They have explained their approach with the help of a system model and they have taken 
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three parameters to calculate WCRT of a message. According to the authors in [15], the 

WCRT depends on  , w and C. where    is worst case delay that a message can suffer 

during the first FlexRay cycle where the message m is generated, w is the delay caused 

to message m by the higher priority messages and C is the time taken by the message to 

be transmitted completely. So, according the authors the WCRT equation is as follows, 

 

                      
 

According to this equation authors concluded that if the WCRT is less than or equal to 

the period of the message then this message is schedulable otherwise it is un-

schedulable. In this thesis, we have calculated the WCRT same as this proposed in [15]. 

We have conducted our experiments on different input parameters and according to our 

algorithm we came across the conclusion that there are two types of messages that are 

not schedulable. First type is those messages which have not got a chance to be 

transmitted on FlexRay bus at all. This is because the high priority messages have 

smaller periods and all the messages cannot be fit in the FlexRay cycles. That is why 

their delay time is infinite. There is only one message of second type, the WCRT of this 

message is more than its period that means it missed its deadline so, this will also be 

considered un-schedulable.  

1.4. Goals and Scope of Thesis  
 

The goal of the thesis is to conduct an experimental study on the latencies of the 

high priority messages those are caused by low priority messages. Our focus will be on 

the dynamic segment communication in Flexray protocol. We have used only one 

channel of FlexRay cluster in our experimental setup with fixed lengths of messages but 

same and different periods.  
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2. FlexRay Protocol 
 

This chapter will explain FlexRay in detail, entailing FlexRay introduction, 

architecture, topologies used and bus access principles those are used in this protocol. 

2.1. Introduction 
 

Dramatic advancement in the field of Mechatronics and Electronics had changed 

the driving experience of today’s vehicles. Airbags, Antilock Braking system, ESP and 

many more applications had made the vehicles safer, comfortable and convenient than 

before. The application of these technologies had provided a very pleasant experience 

for the consumers but for the automotive industry it became a very tedious job because 

these applications needed distributed electro-mechanical systems involving electronic 

communication technologies. These new applications had a high bandwidth requirement 

that could not be fulfilled with the existing technologies. Existing communication 

technologies had already reached its maximum limit in terms of bandwidth, 

communication delay and predictability. Adding more CAN buses in the network 

resulted in more complexity in the integration and predictability without any addition to 

the bandwidth. These limits in the existing networks along with speed demands of these 

new applications motivated automotive industry to establish a new standard for high 

performance communication applications in automotive industry that resulted into the 

foundation of FlexRay consortium in 2001. 

High performance requirement for future safety related applications were 

addressed by FlexRay‘s TDMA (Time Division Multiple Access) segment which is also 

called static segment. FlexRay has dual channel each of which has 10 Mbps bandwidth. 

Static segment guarantees the key property of the deterministic communication which is 

solution to the problem of uncontrolled independencies between distributed application 

components. Since because of these independencies any change in one component can 

change the behavior of the entire system, to ensure system reliability, integration and 

testing of the system is of utmost importance. Also at the same time testing of the entire 

system is difficult and expensive. Determinism of the communication system reduces 

integration and testing effort as it guarantees that the cross influence is completely under 

control of the system [5]. This property is also referred to as composability, meaning that 

each component of the system is tested in isolation and integration of this component 

does not have any complexity and side effects [5]. 

FlexRay does not make existing technologies obsolete, it has replaced existing 

technologies gradually where bandwidth requirements were not fulfilled by those 

technologies. Therefore, FlexRay has accommodated the existing technologies into a 

new system with high data rate. FlexRay has integrated some key features of the existing 

technologies like event driven communication also known as dynamic communication. 

In every FlexRay cycle along with the static segment bandwidth is also assigned to the 

dynamic segment for event driven communication like CAN protocol. The integration of 

dynamic communication in FlexRay does not only allow existing technologies to 

communicate through it but it also supports multiple network topologies, network 

architecture and protocols to be integrated. This communication technology is applied in 

different application domains like power train, chassis control or driver assistance 



8 

 

systems. 

X-by-wire application in automotives such as steer-by-wire, brake-by-wire, drive-

by-wire, etc needs a high speed network for the exchange of data among various 

systems. For this purpose FlexRay is consider to be a best choice because of its fault 

tolerance and being deterministic. Fault tolerance means, in presence of any software or 

hardware fault system continues its normal operations. FlexRay is considered to be fault 

tolerant because it has two channels for communication; this means it has redundancy at 

hardware level. On the other hand it also guarantees the communication time of any 

message that comes under the deterministic property of the network and essential for the 

safety critical systems.       

2.2. Architecture 
 

Physically FlexRay cluster is interconnection of different nodes, where all nodes 

are connected with each other via a FlexRay bus. This interconnection of nodes is not 

topology dependent. All communication of FlexRay is carried though an unshielded 

twisted pair cable (FlexRay Bus). An example of a single FlexRay bus system is given 

below in Figure 2.1. 

   

 

 

 

 

 
 

 

 

 

 

Figure 2.1:  

In above cluster there are 4 nodes which are connected to a FlexRay bus; this bus 

supports different signals on each pair of cable to avoid external noise that affects the 

communication. Because of different signal mechanism shielding is also not necessary 

that reduces the cost of the system. If we connect these nodes with dual FlexRay bus 

then it will add fault tolerance to the system and bandwidth of the system will also be 

doubled. Dual FlexRay bus cluster offers 10 Mbps on each channel that can either be 

used for redundancy or bandwidth multiplication (20 Mbps). A double bus FlexRay 

cluster and message transmission in this cluster is shown below in Figure 2.2. In this 

Figure both channels are used for communication. Message 51,55,53 are using channel 1 

only and they do not need redundancy same as message 54,56 are using only channel 2 

where as only message 52 is using both channel for redundant communication.     

 

  

 

Node 1 

 

Node 2 

 

Node 3 

 

Node 4 

Figure 2.1: Single Bus FlexRay Cluster 
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Figure 2.2:  

2.3. Topologies 
 

Like CAN and LIN FlexRay also support multi-drop passive connections as well 

as active start connections. FlexRay’s topology depends on the layout of the vehicle’s 

layout and level of FlexRay usage. Selecting the right topology helps in optimizing the 

cost, performance and reliability of the design. 

FlexRay is commonly used in simple multi-drop bus topology. In this topology a 

single bus is used to connect multiple ECUs together. First generation FlexRay vehicles 

used bus topology. Each ECU is branch up to a small distance from the main trunk of the 

bus and termination resistors are installed at the end of the network to eliminate signal 

reflection problem. As FlexRay operate at much high frequency compared to CAN, 

designer has to take care in correctly terminating and laying out network to avoid signal 

integrity problem. Multi-drop topology fits nicely with the harnesses that commonly 

share a simple type of layout, simplifying installation and reducing wiring throughout 

the vehicle [6]. A multi-drop bus topology is given below in Figure 2.3. 

 

 
Figure 2.3: Multi-drop Bus Topology [6] 

FlexRay standard also supports star configuration of the network. In star topology 

every node is connected to a central active node through an individual link. This 

functionality is same as Ethernet network where a hub plays the role of central node. 

The main use of star configuration is to segment the network in such a way that 

reliability can be achieved even if a portion of network fails. If a node crashes or a link 

Node 1 

 
Msg 51,C1 

Msg 52,C1 

 

Node 2 

 
Msg 55,C1 

Msg 52,C2 

 

Node 3 

 
Msg 57,C2 

Msg 54,C2 

 

Node 4 

 
Msg 53,C1 

Msg 56,C2 

 

Channel 1 

Channel 2 

Figure 2.2: Double Channel FlexRay Cluster 
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is cut or shorted then rest of the network works affectless. This method is also used to 

run FlexRay network over longer distance. Since long run of the bus conduct more noise 

such as electromagnetic emission from large electric motors but using multiple nodes 

reduces the exposure of long run of wire for the segment and reduces the noise. Along 

with this reliability feature, star topology has better performance as well. Through star 

the maximum delay is 250ns. Figure 2.4 below illustrates start topology. 

 

 
Figure 2.4: Star Topology [7] 

Disadvantage of the star configuration is a single point of failure that is central 

active node. Dual channel of the FlexRay can be used in star configuration to avoid this 

potential single point of failure and to have a redundant star central node. This 

configuration is mostly used in FlexRay x-by-wire applications. A star topology with 

redundant star is given below in Figure 2.5.  

 

 
Figure 2.5: Dual Channel Single Star Topology [7] 

When the bus and star topologies are combined together, then they form a new 

type of topology that is called hybrid topology. The main purpose of using of hybrid 

topology is to take advantages of the bus topology those are ease of use and cost 

effectiveness along with achieving the reliability and performance of the star topology. 

Future FlexRay networks will likely use this type of topology where-ever needed in the 

vehicle. A hybrid topology is shown in Figure 2.6. 
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Figure 2.6: Hybrid Topology [6] 

2.4. Bus Access principles 
 

In FlexRay, media access control is based on the recurring communication cycles. 

In each cycle it offers four segments which provide two types of media access schemes. 

The mechanism of these media access schemes is discussed in section 2.4.1 to 2.4.3.  

2.4.1. Communication Cycle 
 

Communication cycle is a basic fundamental element of the FlexRay media 

access scheme. Each communication cycle is defined by time hierarchy. Time hierarchy 

represents how each segment in communication cycle is represented in terms of time. A 

cycle is divided into four levels of time hierarchy that are Communication Cycle Level, 

Arbitration grid level, Macrotick Level and Microtick Level as depicted in the Figure 

2.7. 

 

 
Figure 2.7: Timing Hierarchy of Communication Cycle [8] 

Highest level defines communication cycle that contains static segment, dynamic 

segment, symbol window and network idle time. Static segment contains consecutive 

time intervals called static slots at arbitration level and uses Time Division Multiple 

Access (TDMA) scheme to arbitrate transmission as describe in 2.4.2. Dynamic segment 

uses mini slotting based scheme to arbitrate transmission as described in 2.4.3. 

Arbitration grid is defined by macro ticks, macro ticks contains designated boundaries 
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called action points. These action points are specific instances at which a transmission 

shall start (in static segment, dynamic segment and symbol window) and end (in 

dynamic segment). Macro tick level is build up on micro tick level which is the lower 

level in FlexRay time hierarchy. 

Apart from start-up communication cycles are executed periodically. These 

periods are defined in terms of fixed macro ticks defined by gMacroPerCycle. 

Communication cycles are also numbered from 0 to cCycleCountMax (maximum 

counter value is 63) which incremented by 1 at the start of every cycle. When cycle 

counter is reached to its maximum value it is reset to 0 instead of being incremented. 

Arbitration within static and dynamic segment is based on the unique frame identifier 

that is assigned to the specific node in the cluster and channel. These identifiers decide 

in which segment and in which slot a frame has to be sent. This frame identifier ranges 

from 1 to cSlotIDMax.  

A communication cycle always contain a static segment that contains same 

number of macro ticks for each static slot. Static segment has configurable number of 

static slots that are defined by gNumberofStaticSlots static slots. The communication 

cycle also has optional dynamic segment, which consist of minislots having identical 

macro ticks. If no dynamic segment is needed in the transmission then it is possible to 

set gNumberofMinislot to 0 mini slots. Same as dynamic segment symbol window is 

also optional and if no symbol is to be sent then gdSymbolWindow is set to 0 macro 

tick. The communication cycle always contain a network idle time. It contains the 

remaining number of macro ticks that are not assigned to static segment, dynamic 

segment or symbol window. Clock synchronization in FlexRay is done in network idle 

time (NIT). For the clock synchronization of the FlexRay Stack at least two nodes are 

needed. An execution of the communication cycle is illustrated in the figure below. 

 
Figure 2.8 : Communication Cycle Execution [8] 

2.4.2. Static Segment 
 

Static time division multiple access (TDMA) scheme is applied in static segment 

to coordinate transmission. In static segment all static slots are configured with identical 

static duration and all frames are also configured with same length in the design phase. 

In order to schedule transmission each channel maintains its own slot counter state. This 
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state is stored in a variable called vSlotCounter which is initialized with 1 at the start of 

each communication cycle and incremented with 1 at the end of each slot. All static slots 

consist of same number of macro ticks which is controlled by a global constant 

gdStaticSlot for a given cluster. For an appropriate configuration for gdStaticSlot, it is 

kept under consideration that under worst case assumption it should accommodate 

frame, channel idle delimiter and any other potential safety margins. Each static slot 

contains an action point that is offset from the start of the slot by gdActionPointOffset. 

It is defined in terms of macro ticks. Action point offset is basically a point from where a 

transmission has to start. It is a global constant for a given cluster. Arbitration in static 

segment is performed by assigning frame identifier to each network node. Transmission 

starts in static segment when frame identifier given a specific node matches with the slot 

counter. That is why this segment supports deterministic communication because it is 

defined, when a frame will be transmitted on a given channel. 

2.4.3. Dynamic Segment  
 

Dynamic segment uses dynamic mini slot based scheme to arbitrate transmission. 

Unlike static segment dynamic segment may have variable length communication slots 

to accommodate variable length frames. In order to schedule transmission dynamic 

segment has to maintain two independent slot counters one for each channel. As it 

known that static segment maintains one slot counter because it has same duration for 

every static slot. Due to the variable length, frames need different number of mini slots 

to be transmitted. That is why slot counter on each channel can be different. Length of 

the dynamic segment is defined at design time with the help of a constant variable 

gNumberOfMinislots. This constant is same for the whole cluster. As illustrated in 

Figure 2.8, media access on both channels may not necessarily occur simultaneously. 

 

 
Figure 2.9: Dynamic Segment Structure [8] 

In Figure 2.8 we can see that counters for channel A and channel B are 

incrementing separately. On channel A frame ID m is transmitted in mini slot m, so slot 

counter for this channel will increment to m+1 once frame ID m is transmitted. Whereas 
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on the other hand on channel B slot counter is incremented to m+3 because there is no 

transmission in mini slot m to m+2. Each mini slot in dynamic segment is of same 

duration which is measured in macro ticks and is controlled by a global constant 

gdMiniSlot. In dynamic segment a dynamic slot can be composed of multiple mini slots 

depending upon the length of the frame being transmitted. If there is no transmission 

taking place in a dynamic slot then it will be equal to one mini slot. Like static segment 

action point offset is also used in dynamic segment which is defined to be a global 

constant gdMiniSlotActionPointOffset variable. This is basically a macro tick offset at 

which a transmission should start and end. The start of the dynamic segment is quite 

important to understand. The first action point in the dynamic segment occurs 

gdActionPointOffset macro ticks after the end of static segment, if 

gdActionPointOffset is larger than gdMiniSlotActionPointOffset else if occurs after 

gdMiniSlotActionPointOffset. This is so to ensure that the duration of gap following 

last static frame transmission is as large as successive frames in the static segment have. 

Unlike static slot, dynamic slot distinguishes between the dynamic slot idle phase and 

dynamic slot transmission phase. The dynamic slot transmission phase extends from the 

start of the dynamic slot to the end of last mini slot in which transmission ended [8]. The 

idle phase of a dynamic slot starts from the dynamic trailing sequence (DTS) offset 

(when transmission is over) to the end of last mini slot. It is required by the receiving 

node to process the frame. In the dynamic segment a node can only transmit if the 

dynamic segment has not exceeded the pLatestTx mini slots. pLatestTx is the last mini 

slot when a transmission can be started in the dynamic segment, after that mini slot 

transmission cannot occur. Arbitration in dynamic segment is based on the priority of the 

messages which are defined at the design time. Frame ids are used as priority and lower 

the frame id the higher the priority will be. In other words frames with lower frame id 

will win the arbitration and will be sent first on the bus.       
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3. Experimental Setup 

3.1. Hardware Architecture 
 

RENESAS nodes are used for experiments in this thesis. Core system of these 

nodes comprises of Freescale PowerPC board that runs eCos and an open source real-

time operating system which is intended for embedded applications. This board mainly 

consists of 8 interfaces among which 4 interfaces have FlexRay transceivers, 3 CAN 

transceivers and 2 interfaces for LIN and Ethernet [9]. These nodes have 400MHz 32 bit 

Embedded PowerPC architecture. The core system specifications are as follows [9].  

 

 Freescale MPC5200CBV400 400MHz 32 Embedded PowerPC 

 Altera Cyclone II FPGA 

 32 MB SDRAM 

 8 MB Flash Memory 

 256 KB SRAM 

 100Mbps Ethernet 

 USB 2.0 Peripheral controller 

 RS 232 Interface 

 Maxim Watchdog and RTC Circuit 

 Lattice CPLD 

 Linear 12 Bit Analog to Digital Converter  

 Compact Flash Card Slot 

 JTAG Interface 

 

RENESAS node structure is as shown in following figure [11]. 

 

 

 

 

 

 

 

 
Figure 3.1 : Node Hardware Structure [11] 

All boards are connected to each other through a single channel FlexRay bus. 

Physical bus topology is used to connect all nodes. Ethernet interfaces of all boards are 

used for uploading and downloading application binaries into the boards. Each board has 

a built-in TFTP client, which connects it to the TFTP server (PC) through an un-

managed switch. In other words Ethernet interfaces are connected in passive star 

topology. FlexRay bus is also connected to PC through a serial connection (in this thesis 

serial to USB convertors are used for serial communication) to monitor transmitted data 

on the bus. This serial connection can also be used for uploading and downloading 

binaries into the boards and then we don’t need TFTP server for this purpose. 

 

ECU (Node <RENESAS>) 

MCU (RENESAS M32C) 

Communication Controller 

(BOSCH) 
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Figure 3.2 : Physical Topology of FlexRay Cluster for the Thesis 

3.2. Software Architecture 
 

I have used Dependable Computer Systems’ (DECOMSYS) communication stack 

(COMMSTACK) in this thesis. It is a software driver that abstracts different FlexRay 

communication controllers and provides a generic application programming interface for 

the FlexRay.  This communication stack is intended to provide different FlexRay 

communication controller implementation to the application layer as this layer is only 

familiar with the standard behaviour and properties of protocol. COMMSTACK 

provides different type of APIs those are used by transport protocol, network 

management, FlexCOM (FlexRay communication layer) and application layer. These 

layers have to use FlexRay communication controller directly. A system overview is 

shown in figure 3.3 below [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.3 : System Overview [10] 

 

 

 

 

 

 

 

 

 

 Hardware 

Software 

Application 

FlexCOM NM TPI 

DECOMSYS::COMMSTACK 

 

FlexRay Communication Controller 

 



17 

 

Now we have to see how code for NM (Network Management Layer), TPI 

(Transport Protocol Interface Layer), FlexCOM (FlexRay Communication layer) and 

application layer is generated and how COMMSTACK and application parameters are 

configured. DECOMSYS’ DESIGNER PRO is a graphical designing tool that is used for 

FlexRay prototype designing. It generates FlexRay system configuration according to 

the following user inputs. 

 

 Hardware Architecture 

 Protocol Parameters 

 Communication Plan 

 

It provides configuration files for communication stack and it is also used to generate 

configurations for operation system, AES (Application Execution System) and FlexRay 

Communication Layer (FlexCOM). It puts the generated files into a directory structure 

which is compiled on development PC. This compilation results in binary files that can 

be downloaded into boards and executed on the target hardware. A flow diagram from the 

project generation using DEGINER PRO to compiled binaries and then download them 

to boards is given below in figure 3.4. 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are two methods to download these binaries to boards. The first method is to use 

Figure 3.4 : FlexRay Application Design Flow Diagram 
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TFTP server on your development PC and configure the boards to fetch binaries on their 

start up from the TFTP serve. The second method is to send binaries to the boards 

through USB connection 

3.2.1. TPI Layer 
 

TPI (Transport Protocol Interface) provides drivers for RS232 and Analog & 

Digital I/O. It provides a software library for hardware access utilities. These utilities are 

often required for operating and debugging real-time applications within embedded 

systems. These API functions are very basic and simple in their functionality but they 

offer a variety of applications. The functions offered by this layer are as follows, 

Initialization: 

 skTPI_init() function is used to initialize various hardware modules. Its 

initialization function is void skTPI_Init(void) which has following tasks, 

   

 It provides hardware initialization routines to do main setup of all 

hardware modules required for operating the skTPI itself.    

 It initializes the MCU clock configuration 

 MCU I/O port setting is also initialized by TPI 

 MCU memory configuration and memory mapping of external devices is 

also a part of  these initializations 

 It also initialize RS232  

Message Interface: 

 This interface has a versatile implementation for transferring complex 

status and error information from real-time application to the user domain. It 

provides several operation modes and configuration properties to provide best 

support for all kind of applications. API functions used are skTPI_StdOut(), 

skTPI_ErrOut(), skTPI_FlushStdOutMsgBuffer() etc. The key features of 

message interface are, 

 

 It separates the standard output (StdOut) and error output (ErrOut) 

channels which avoids the confusion of semantics. These both 

channels are identical in implementation and use but they can be 

configured independently of each other. 

 It provides the functionality to configure output devices at rum-time. 

It gives the flexibility to decide where user wants to write message 

 It offers three modes for output messages. First is Non-Buffered mode 

(messages are written to out device immediately). Second is Queued-

Buffered mode (messages are written into buffer in RAM of 

configurable size and this buffer acts like FIFO, if buffer gets full no 

more message can be written to buffer). Last mode is Non-queued-

Buffer (this buffer acts like a ring buffer. If buffer gets full, the oldest 

data in the buffer is rewritten) 
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DebugPin Interface: 

 The main purpose of this interface is to read and write dedicated digital 

inputs and outputs. It is an efficient implementation for time-measurement or 

simple user interaction via input pins rather than I/O drivers. 

RS-232 Support: 

 This API transmits a byte via RS232 serial interface. The API used for this 

function is Void skTPI_TxRS232(char Byte) and Boolean 

skTPI_CheckRxRS232(void). This is a blocking function which blocks until the 

hardware accepts the data byte for transmission.  

3.2.2.  Application Execution System (AES) Layer 
 

This is a software library that enables user to execute periodic time driven 

applications based on the application tasks. It contains task dispatcher that has pre-

runtime configuration and support synchronization with time driven periodic subsystem 

such as FlexRay communication system. Each dispatcher table entry specifies the task 

and its invocation time according to the application period. The tasks defined in the 

dispatcher table must be implemented in the application. To build up the target executable 

binary files, application and dispatcher table are linked with skAES and skTPI libraries. 

skAES has three states which are as follows, 

 

Initialization: 

Initialization of skAES provides a complete application environment and 

user never has to implement main() function nor to initialize the skAES explicitly. 

When it initializes itself, it calls skTPI_Init() to initialize skTPI layer and process 

the static configuration data contained by the configuration files. After skTPI 

layer’s initialization, it calls skAES_AppInitHook() functionwhich allows the 

user to perform specific application work. skAES_AppInitHook() is a mandatory 

function for every application. The sequences of this function’s calls are 

illustrated in figure 3.5 below [13]. 

 

 
 

Figure 3.5 : skAES Initialization Call Sequence 

Normal Mode: 

After initialization, the skAES enters in normal mode. In normal mode, it 

executes the time driven tasks according to the dispatcher table entries. If there is 

no critical task in the dispatcher table to be executed, then it executes idle task. 

Idle task is an application call-back function namely skAES_appIdleTask() that 
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is intended to be used for non critical background work. Idle task is a mandatory 

function for any application. Execution flow of skAES for dispatcher table entry 

and for idle task is shown in figure 3.6 illustrated below [13]. 

 

 
 

Figure 3.6: skAES Normal Mode Execution Sequence [13]  

Shutdown: 

skAES also offers a controlled shutdown functionality. This is necessary 

for unexpected behaviour where it is not possible to recover from errors. User has 

to call the function skAES_Shutdown() for shutting down the node. There are 

two possible scenarios for calling this function. In first scenario, shutdown 

function is invoked by the application and in the second scenario, skAES itself 

detects the problem and invokes this function. During shutdown skAES calls 

skAES_ApplShutdownHook() function which enables the user to retrieve error 

information in case of internal shutdown of skAES. It must be present in each 

application. The calling sequences in both scenarios of the shutdown process are 

shown in figures below [13]. 

 

 
Figure 3.7 : Shutdown Scenario 1 

 
Figure 3.8 : Shutdown Scenario 2 

3.2.3. Application Layer 
Application layer has the implementation of application tasks which are 

defined in dispatcher table along with their execution schedule. This is the most 

critical function of the application because all messages are transmitted and 
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received in this function. This function uses functionality of all layers below this 

such as skAES, skTPI, COMMSTACK and operation system layer. In my thesis, I 

have various messages that are transmitted and received in this function.  These 

messages are defined in communication stack and have many parameters with 

respect to message type. Message type defines whether it is a transmission or 

reception message, what is message ID, which channel message will be 

transmitted on, what is payload size etc. Parameters details of these messages are 

as follows, 

 

Reception Message: 

TDDLL_RxFrameByID (Controller Index,  

               TDDLL_LookupRxFrame (Controller Index, 

                                    Frame ID, 

                                                            Channel, 

                                                            Repetition, 

                                                            Base Cycle), 

                                           Data Pointer, 

                                           Payload Length, 

                                           Received Payload Length);  

 

TDDLL_RxFrameByID receives a particular FlexRay frame on a distinct 

FlexRay controller. A reception is carried out in FlexRay controller state 

TDDLL_E_ONLINE only. This function uses TDDLL_LookupRxFrame 

which returns a unique ID of the reception frame description structure is identified 

by the given arguments. 

 

TDDLL_LookupRxFrame Parameters [10]: 

 

Value Description 

Controller Index The FlexRay controller index of the controller this 

function should be performed on 

Frame Reference ID Unique ID that identifies the frame to be received. 

Channel FlexRay channel of the frame. 

Repetition Cycle repetition value of the frame. 

Base Cycle The base cycle of the frame. 
Table 3.1 : Receiving Frame Lookup Parameters [10] 

TDDLL_RxFrameByID Parameters [10]: 

  

Value Description 

Controller Index The FlexRay controller index of the controller this 

function should be performed on 

Frame Reference ID Unique ID that identifies the frame to be received. 

Data Pointer Pointer the payload data written to. 

Payload Length Length of the receiving Buffer in units of Bytes. 

Received Payload 

Length 

Length of the payload actually received in units of 

Bytes. 
Table 3.2 : Reception Frame Parameters [10] 
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This function has different statuses that are returned once it is executed. These 

statuses show what happens to the frame. These statuses are given in below table, 

 

Return Types of TDDLL_RxFrameByID: 

 

Value Description 
TDDLL_E_OK The function was successfully finished. 
TDDLL_E_INVALID_ID

X 
The given input parameter or some basic 

configuration is invalid. 
TDDLL_E_ACCESS Some device specific error occurred when 

accessing the FlexRay communication controller. 
TDDLL_E_UNDERFLO

W No valid frame was received. 
TDDLL_E_OFFLINE The COMMSTACK FlexRay controller state is 

not TDDLL_E_ONLINE. 
Table 3.3 : Reception Message Return Status [10] 

 Transmission Message: 

TDDLL_TxFrameByID (Controller index, 

                TDDLL_LookupTxFrame (Controller index, 

                                                            Frame ID, 

                                                            Channel, 

                                                            Repetition, 

                                                            Base cycle 

                                         ),  

      Data Pointer, 

                                          Payload Length 

             ); 

 

TDDLL_TxFrameByID transmits the payload data given within a particular 

FlexRay frame on a distinct FlexRay controller. All parameters are passed as 

arguments. A transmission is carried out in FlexRay controller state 

TDDLL_E_ONLINE only.  

 

 TDDLL_LookupTxFrame Parameters [10]: 

This function returns a unique ID of the transmission frame 

description structure is identified by the given arguments. 

 

Value Description 

Controller Index The FlexRay controller index of the controller this 

function should be performed on 

Frame Reference ID Unique ID that identifies the frame to be 

Transmitted. 

Channel FlexRay channel of the frame. 

Repetition Cycle repetition value of the frame. 

Base Cycle The base cycle of the frame. 
Table 3.4 : Transmission Frame Lookup Parameter [10] 
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TDDLL_TxFrameByID Parameters [10]: 

 

Value Description 

Controller Index The FlexRay controller index of the controller this 

function should be performed on 

Frame Reference ID Unique ID that identifies the frame to be recieved. 

Data Pointer Pointer the payload data written to. 

Payload Length Length of the transmitting Buffer in units of Bytes. 
Table 3.5 : Transmission Frame Parameters [10] 

This function also has different statuses that are returned once it is executed. 

These statuses show what happens to the frame. These statuses are given in below 

table, 

 

Return Types of TDDLL_TxFrameByID [10]: 

 

Value Description 
TDDLL_E_OK The function was successfully finished. 
TDDLL_E_INVALID_ID

X 
The given input parameter or some basic 

configuration is invalid. 
TDDLL_E_ACCESS Some device specific error occurred when 

accessing the FlexRay communication controller. 
TDDLL_E_OVERFLOW No resource for the transmission frame within 

FlexRay Controller is available. 
TDDLL_E_OFFLINE The COMMSTACK FlexRay controller state is 

not TDDLL_E_ONLINE. 
Table 3.6 : Transmission Frame Return Status [10] 

In my experiments, we have various messages with different payloads and 

transmission intervals. In the payload, I have transmitted the message instance 

counter, cycle number and message ID. On the receiving side, I have stamped 

each message with current cycle number when it is received. I have buffered these 

messages to receive every instance of messages. Buffer is required here because 

reception messages are printed in the idle task which is being invoked in every 

alternative cycle. Without buffer almost half of the instances are missed that is 

why buffering is required. In the received message, transmission delays are 

measured in terms of communication cycles which are obtained by taking the 

difference of transmitting cycle and receiving cycle. Details on the experiments 

are given in chapter 4.    
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4. Experiments 
For delay analysis of communication in FlexRay’s dynamic segment, an application 

was used for experimental purpose. This application was designed by using DESIGNER 

PRO. DESIGNER PRO generated communication stack configurations for FlexRay and 

application execution system. Communication stack contained FlexRay protocol 

configuration for this particular application and application execution system (AES) 

contained the environment for the application controlling how it will be initialized, run in 

normal mode and how it will be shutdown. AES also control the execution periods of the 

messages through dispatcher table that has period execution information for each application 

task. These application tasks were implemented in the application code section that had to be 

written by the developer and was not a part of generated code. I have used PowerPC cross 

compiler to built application for these boards. In this particular case I have only one 

application task. We considered one-cluster architecture consisting of 2, 3 and 4 nodes. I have 

observed the delay in the transmission using 2, 3, 4, 5, 7 and 9 messages. Messages sizes 

were statically chosen as 16 Two Bytes Word. 12 experiments have been conducted in total 

and critical scenarios have been explained in section 4.2. Configurations used in my 

application are given in section 4.1. Scenarios of my experiments and their results are 

discussed in details in section 4.2.    

4.1. Application Configuration 
There are three main type of configuration used in applications. First type of the 

configuration is called protocol constants. These parameters remain constant throughout the 

application and can never be changed. These parameters mainly define the FlexRay 

infrastructure design. Some parameters are given in table 4.1 as an example for 

understanding. 

 

Parameter Value Description 

cClockDeviationMax 0.0015 Maximum clock frequency deviation  

cChannelIdleDelimiter 11MT Duration of channel idle delimiter 

cCycleCountMax 63 Maximum cycle counter value in a cluster 

cdCycleMax 16000μs Maximum cycle length 

cPayloadLengthMax 127 Two-Byte-

Word 

Maximum length of the payload segment of a 

frame 

cHCrcSize 11bits Size of header CRC calculation register 

cMicroPerMacroMin 20 μT Minimum number of micro ticks per macro tick 

during the offset correction phase 

cMicroPerMacroNomMin 40 μT Minimum number of micro ticks in a nominal 

(uncorrected) macro tick 

cMicroPerMacroNomMax 240 μT Maximum number of micro ticks in a nominal 

(uncorrected) macro tick 

cSamplesPerBit 8 Number of samples taken in the determination of a 

bit value 

cSlotIDMax 2047 Highest slot ID number 

cStaticSlotIDMax 1023 Highest static slot ID number 

cSyncNodeMax 15 Maximum number of sync nodes in a cluster 

cVotingSamples 5 Numbers of samples in the voting window used 

for majority voting of the RxD input 
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cVotingDelay (cVotingSamples 

- 1) / 2 

Number of samples of delay between the RxD 

input and the majority voted output in the glitch-

free case 
Table 4.1 : Protocol Constant Parameters 

 The configurations that remain unchanged through the application and are same for all 

nodes are called protocol global configurations. These configurations vary application to 

application. These configurations define communication stack and dispatcher table 

parameters. Examples of such parameters are given in table 4.2 below. 

 

Parameter Value Description 

gMacroPerCycle 5000MT Cycle length in terms of macro ticks that is equal to 

5ms   

gdDynamicSlotIdlePhase 1Minislot Duration of the idle phase within a dynamic slot 

gdMinislot 5MT Duration of each mini slot 

gdMinislotActionPointOffset 2MT Number of macro ticks the mini slot action point is 

offset from the beginning of a mini slot 

gdStaticSlot 86MT Duration of a static slot 

gdSymbolWindow 116MT Duration of the symbol window 

gdTSSTransmitter 10gdbits Number of bits in the Transmission Start Sequence 

gNumberOfMinislots 56 Number of mini slots in the dynamic segment 

gNumberOfStaticSlots 52 Number of static slots in the static segment 

gOffsetCorrectionStart 4926MT Start of the offset correction phase within the NIT, 

expressed as the number of macro ticks from the 

start of cycle 

gPayloadLengthStatic 32 Two-Byte-

Word 

Payload length of a static frame 

gdCycle 5000 μs Length of the cycle, expressed in μs 

gdMacrotick 1 μs Duration of the cluster wide nominal macro tick, 

expressed in μs 

gdMaxMicrotick 0.025 μs Maximum micro tick length of all micro ticks 

configured within a cluster 

gdNIT 129MT Duration of the Network Idle Time 
Table 4.2 : Protocol Global Parameters 

The third type of configuration parameters is that is local to every node and they may 

have different values in different nodes of the cluster. These parameters are used within SDL 

model to describe FlexRay protocol. Some examples of these parameters are described in 

table 4.3 below. 

 

Parameter Value Description 

pChannels A Channels to which the node is connected 

pAllowPassiveToActive 31 Number of consecutive even/odd cycle pairs that 

must have valid clock correction terms before the 

CC will be allowed to transition from the 

POC:normal passive state to POC:normal active 

state. If set to zero, the CC is not allowed to 

transition from POC:normal passive to 

POC:normal active 

pDelayCompensation[A] 10µT Value used to compensate for reception delays on 



26 

 

the indicated channel. This covers assumed 

propagation delay up to cPropagationDelayMax 

for micro ticks in the range of 0.0125 μs to 0.05 μs. 

In practice, the minimum of the propagation delays 

of all sync nodes should be applied 

pdListenTimeout 401202 µT Value for the startup listen timeout and wakeup 

listen timeout. Although this is a node local 

parameter, the real time equivalent of this value 

should be the same for all nodes in the cluster 

pLatestTx 46Minislot Number of the last mini slot in which a frame 

transmission can start in the dynamic segment 

pPayloadLengthDynMax 16 Two-

Bytes-Word 

Maximum payload length for dynamic frames 

pSamplesPerMicrotick 2 Number of samples per micro tick 
Table 4.3: Local Node Protocol Parameters 

4.2. Experimental Results 
In this section some experimental results have been presented regarding the 

delays observed in the higher priority messages that are caused by the lower priority 

messages. As it has been mentioned above that these experiments are conducted keeping 

some important parameters as constants. Amongst these, the most important parameters 

are pLatestTx, pPayloadLengthDynMax and gdDynamicSlotIdlePhase. In below given 

scenarios we have discussed that how these parameters have affected the transmission 

delays. In each scenario different numbers of instances of each message with same and 

different periods have been taken. 

4.2.1.  Experimental Scenario 1 
First experiment has a very simple scenario, in this scenario only two 

messages have been transmitted which are message 53 and 54. Payload length of 

both dynamic frames is 16 Two-Bytes-Word. Both messages have same periods 

which are equal to one cycle. For this payload length total 11 mini slots including 

DTS been needed to transmit the frame. This result has been calculated using the 

following formula, 

 
vMinislotPerDynamicFrame = 1+Ceiling(((vFrameLengthDynamic+2)*gdBitMax)/ 

(gdMacroTick*(1-cClockDeviationMax)* 

gdMinislot),1)+gdDynamicSlotIdlePhase 

 

The total numbers of mini slots in dynamic segment configuration are 56. The 

total numbers of mini slots needed to transmit 2 messages are 22. It means both messages 

fit in dynamic segment of each cycle. That is why in this scenario no delay is observed in 

transmission. Result of this experiment is given in below table. 

 

Payload Length 16 Two-Bytes-Word 

Total Mini Slots 56 

Mini Slots Required for One Message 11 

Max Delay 0 
Table 4.4 : Experimental Scenario 1 
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4.2.2.  Experimental Scenario 2 
In second scenario, four messages have been taken to be transmitted. 

Message IDs 54, 63, 64 and 65 have been used as priorities. Payload lengths of all 

dynamic frames have been 16 Two-Bytes-Word. All messages have same periods 

which have been equal to one cycle. For this payload length total 11 mini slots 

including DTS have been needed to transmit the frame on the FlexRay bus. Mini 

slot requirement has been calculated using this formula, 

 
vMinislotPerDynamicFrame = 1+Ceiling(((vFrameLengthDynamic+2)*gdBitMax)/ 

(gdMacroTick*(1-cClockDeviationMax)* 

gdMinislot),1)+gdDynamicSlotIdlePhase 

 

With contrast to the first experiment this gives a better understanding of 

the FlexRay dynamic segment arbitration, transmission and media access. As 

above given formula gives total number of mini slots required to transmit each 

messages. Mini slots needed to transmit each message have been same as 

experiment 1. In this experiment, messages have been placed in randomized 

manner in the transmission buffer. If messages would have placed in the sequence 

their priorities were then all messages would have been sent and received in the 

same cycle. Reason of places the frames in buffer in such a way was to observe 

the behavior of the FlexRay when a low priority message has been placed in 

buffer just before the high priority message. Frame ID 64 and 65 have been placed 

in sequence and after that ID 54 and 63 have been placed. What have been 

observed in the results was that ID 64 and 65 won the arbitration and been 

transmitted before 54 and 63. The sending sequence of the messages is shown in 

the figure 4.1 

 
Figure 4.1 : Transmission Scenario 2 

So the maximum delay I have observed is in message ID 54 and 63 which is 1 

cycle. Reason of this delay is that the messages have already missed their slot ID 

when they have been placed in buffer. Experimental results of this scenario are as 

shown in table 4.5. 

  

Message Length 16 Two-Bytes-Word 

Total Mini Slots 56 

Mini Slots Required for Message 11 

Max Delay 1 
Table 4.5 : Experimental Scenario 2 
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4.2.3. Experimental Scenario 3 
In this scenario, the messages delays have been observed by increasing the 

numbers of messages. 9 messages have been placed in the transmission buffer but 

maximum numbers of messages that could be transmitted in one cycle in current 

configuration were 5. But this depends on the sequence in which the messages 

were placed in the buffer and what were the messages IDs. If messages IDs would 

have been selected in such a way that all messages fit in the cycle before 

pLatestTx then all can be transmitted in the same cycle. Experimental results are 

shown in table 4.6.  

 
Number of Messages Sent 9 

Number of Messages Received 5 

Messages IDs Sent Every Cycle 53,54,55,56,63,64,65,66,67 

Messages IDs Sent Alternative Cycle   

Message Not Received At all 64,65,66,67 

Message Length 16 Two-Bytes-Word 

MiniSlots 56 

MiniSlots required for Message 11 

Min Delay 0 

Max Delay 2 
Table 4.6 : Experimental Scenario 3 

The scenario has been experimented with 9 messages with IDs from 53-56 and 

63-67. Each message needed 11 mini slots to be sent over FlexRay cycle. Frames 

have been randomly placed in the transmission buffer in every cycle. Only 5 

messages got chance to be transmitted and the delays observed in these messages 

have been constant. As all messages have been placed randomly in the buffer but 

random sequence was repeated in every cycle. So, that was the reason the 

constant delays in the messages. Message 54 has 0 cycle delay, means it has been 

received in the same cycle as it has been sent.  Messages 53, 55 and 63 have 1 

cycle delay and message 56 has 2 cycle delay respectively. Whereas message 64-

67 have been received at all because they have not got any slot to be transmitted. 

How these messages got slots in the FlexRay cycle is shown in figure 4.2 

 

 
Figure 4.2 : Transmission Scenario 3 

4.2.4. Experimental Scenario 4 
Experiment 3 has been repeated with some minor changes in the 

algorithm. Similar to experiment 3 this scenario also has 9 messages to transmit. 

But the difference was, the periods of the higher priority messages have been 
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changed that were 53, 54, 55 and 56. These messages have been sent in every 

alternative cycle where as messages 63, 64, 65, 66 and 67 have been sent in every 

cycle. Results of this experiment are shown in table 4.7. 

 

Number of Messages Sent 9 

Number of Messages Received 7 

Messages IDs Sent Every Cycle 63,64,65,66,67 

Messages IDs Sent Alternative Cycle 53,54,55,56 

Message Not Received At all 66,67 

Message Length 16 Two-Bytes-Word 

Total Mini Slots 56 

Mini Slots Required for Message 11 

Min Delay 0 

Max Delay 2 
Table 4.7 : Experimental Scenario 4 

It can be seen from above table that in even cycles, the messages IDs that have 

been placed in the buffer were 63, 64, 65, 66 and 67. On the other hand all 

messages have been placed in the buffer in odd cycles. All these messages were 

randomly sent to the buffer but this randomization has been repeated in each 

cycle. Figure 4.3 show the cycle transmission and buffer state at that time. 

 

 
Figure 4.3 : Transmission Scenario 4 
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The total numbers of received messages were 7 where messages IDs from 53 to 

56 have exactly half numbers of instances as IDs from 63 to 65 have. Messages 

66 and 67 have never been received at all. The delays in the messages were 

constant because frame placement patterns were same for every alternative cycle. 

Message 54, 55 and 64 have 0 cycle delay where IDs 53, 63, 64 and 65 have 1 

cycle delay but message 56 has 2 cycle delay.  
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5. Conclusion and Future Work 
 

From the experiments conducted, it can be concluded that messages with high priority 

might get delayed by one cycle, maximum. Also, from the experiments, it is seen that low 

priority message suffer delay when the transmission periods of high priority messages are 

smaller than low priority messages. This is because, when high priority message are sent to 

transmission buffer more frequently then they win the arbitration and low priority messages 

starve in transmission buffer. There is another scenario when messages are delayed, that is, 

when the combination of messages cannot be accommodated in the same cycle due to size of 

the messages or frequency of messages transmission. 

In future, it will be interesting to study the delays of messages by implementing a 

more sophisticated real time distributed control algorithm like ABS (Anti Lock Braking 

System). In such algorithms more nodes will be used for calculations and for message 

transmission. This algorithm will use FlexRay bus intensively as more nodes will be 

transmitting messages moreover calculations and messages will be purely random having 

variable periods and sizes. It will also show the usability and suitability of dynamic segment 

in different vehicle modules. In ABS algorithm there are many calculation dependencies and if 

can more specifically be seen whether dynamic segment can fulfill the requirement of real-

time distributed algorithm or not.    
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