
  

 

Abstract—In recent years, standards for vehicle safety have 

continued to improve, and strict regulations have been 

developed. When software is gradually integrated with a 

number of electronic components in the electronic control units 

of vehicles, substantial amounts of message data are continually 

sent and received within communication networks. Therefore, 

assessing the performance of vehicular communication 

networks and ensuring the accuracy of data transfers is crucial.  

The FlexRay communication technology is rapid, stable, and 

fault-tolerant, and can satisfy the needs of advanced vehicle 

control systems. However, few studies on the FlexRay 

communication protocol have analyzed FlexRay event message 

response time or verified timing performance. Therefore, this 

study presented two new methods for FlexRay message 

scheduling to enhance transmission performance within the 

overall communication network. These methods adopt the 

K-means clustering method and the hierarchical clustering 

method for message clustering to reduce network usage within 

the overall FlexRay communication network, thus enhancing 

the security of the communication network. 

 

Index Terms—FlexRay, hierarchical, K-means, scheduling.  

 

I. INTRODUCTION 

FlexRay communication uses rapid, stable, and 

fault-tolerant communication technology to satisfy the needs 

of advanced vehicle control systems [1]-[3]. FlexRay does 

not replace existing vehicle networks, but instead 

complements existing vehicle communication control 

networks, such as controller area networks (CANs)  and local 

interconnect networks (LINs) [4], [5]. 

On a technical level, FlexRay currently has the most rapid 

communication speed among all interfaces. It is an 

indispensable network technology for realizing x-by-wire. 

Using FlexRay can reduce vehicle body weight and link all 

safety devices [6]. X-by-wire is a technology that uses 

electric actuators or motor electronics to control traditional 

mechanical handling and breaking functions [7], [8], and this 

technology includes drive-by-wire. X-by-wire can 

significantly increase vehicle performance and safety and 

permits the omission of mechanical components. 

 

 

 

Active safety systems contain computer antilock braking 

systems (ABSs), traction control systems (TCSs), and 

electronic stability programs (ESPs). In other words, the 

importance of active safety systems and the proportion of 

electronics in vehicles are gradually increasing. 

FlexRay has become an industry standard for vehicle 

networks. The topology of FlexRay communication 

networks also differs from that of earlier bus architecture in 

that FlexRay involves the additional concepts of active star 

and passive star [9]. FlexRay is also appropriate for critical 

and real-time x-by-wire control data transfers. By contrast, 

other communication protocols, such as CAN and LIN, are 

more appropriate for noncritical and non-real-time 

applications. 

FlexRay deploys most messages to static segments. The 

system can also deploy messages to dynamic segments to 

reduce network use during transmission [10]. In this study, 

the K-means clustering method and the hierarchical 

clustering method were used to cluster the messages to be 

transmitted and deploy them to static and dynamic segments, 

thereby reducing overall usage of the FlexRay 

communication network. 

 

II. SYSTEM PRINCIPLES 

In this section, the clustering methods and the features of 

FlexRay are introduced. 

A. FlexRay Specification 

Submit your manuscript electronically for review. 

FlexRay uses synchronous and asynchronous transmission 

methods. The communication protocol provides two forms of 

communication transmission: time-based triggers and 

selectable event triggers. In contrast to earlier bus 

communication networks, FlexRay adds active-star, 

passive-star, and hybrid-topology connection methods. 

FlexRay can provide two channels for transmission, 

enhancing stability and increasing transmission speed. 

1) Model and architecture of the FlexRay 

communication protocol 

FlexRay primarily defines the data link layer and the 

physical layer. Its hardware architecture contains a host 

controller, a communication controller, a bus guardian, and a 

bus driver. 

The FlexRay controllers currently in use contain bus 

guardians and bus drivers. Thus, FlexRay communication 

can be implemented simply by adding a FlexRay receiver. 

Fig. 1 shows the architecture of the FlexRay communication 

hardware unit. 
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Fig. 1 shows the architecture of the FlexRay 

communication hardware unit. 
 

 
Fig. 1. Architecture of the FlexRay communication hardware unit. 

 

2) Network topology of the FlexRay communication 

protocol 

The FlexRay communication network can support a 

variety of network topology connections. Its transmission 

methods can be configured for single- or dual-channel 

transmissions. Fig. 2 shows the simplest FlexRay bus 

network connection. Node 1 and Node 4 connect Channels A 

and B, whereas Node 2 connects only Channel A and Node 3 

connects only Channel B. 
 

 
Fig. 2. FlexRay bus network connections. 

 

In addition, FlexRay communication networks also 

include star topology connections. These are similar to bus 

connections in that they can support dual-channel 

connections. Multiple star connectors can be used to establish 

star configuration network topology. FlexRay connection 

methods have considerable flexibility. 

Bus-topology connections remain the primary 

communication network connections used in vehicles. In 

addition to being inexpensive, they are also easy to install. 

However, when the number of nodes within a network 

increases, relative transmission distance decreases. At this 

point, star connections can extend the network, combining 

with existing bus networks to form hybrid network topology 

connections. Users can then adjust network topology 

connections based on actual needs. 

3) Frame format of the FlexRay communication protocol 

FlexRay communication is based on the time-division 

multiple access (TDMA) mechanism, which includes 

microticks (μTs), macroticks (MTs), slots, segments, and 

communication cycles. Within FlexRay communication 

networks, the smallest unit, the μT, forms the clock. Users 

can define the number of MTs, static slots, and dynamic slots 

within each communication cycle. FlexRay communications 

are formed by 64 consecutive communication cycles. 

In addition, users can configure data packets within the 

slots. Data packets comprise header segments, payload 

segments, and trailer segments. Fig. 3 shows the FlexRay 

frame format, which comprises these three segments. 

4) FlexRay communication network utilization 

The slots within the FlexRay message transmission cycle 

define FlexRay communication network utilization. Fig. 4 

shows that the size of the static FlexRay slots depends on the 

length of the longest message within the static segments. 

 

  

 

Fig. 4 a) shows poor network use efficiency. The 

deployment of longer messages to the dynamic segments (as 

shown in Fig. 4 b) can shrink static segment size, reducing 

unused blank slots. This improves network use efficiency. 
 

 
Fig. 3. FlexRay frame format [4]. 

 

 

Fig. 4. FlexRay message deploymen. 
 

B. Introduction the Clustering Methods 

The primary clustering methods are the partitioning 

method, the hierarchical method, the model-based method, 

the grid-based method, and the density-based method. In this 

study, the K-means method (a type of partitioning method) 

and the average linkage method (a type of hierarchical 

method) were applied. 

1) Introduction to the K-means clustering method 

The K-means clustering method randomly selects K 

numbers of data objects to serve as cluster centers. Then all 

data objects are assigned to the clusters most similar to the 

cluster center. The cluster center is recalculated after all data 

objects have been completed. These steps are repeated until 

the cluster center of each cluster no longer change. 

2) Hierarchical clustering method 

The hierarchical clustering method is often presented in 

tree form. This clustering method can be further divided into 

the agglomerative and divisive methods. The agglomerative 

method views all objects as independent clusters. Thus, N 

number of objects is N number of clusters. The distances 

between each of the clusters are calculated. The two clusters 

with the shortest distances are merged. The distances 

between each of the clusters are then recalculated until 

reaching a specified number of clusters or satisfying 

specified stopping criteria. This method itself includes a 

number of other methods for cluster distance calculation, 

Lecture Notes on Software Engineering, Vol. 2, No. 4, November 2014

366

Therefore, (1) [10] can be used for calculating FlexRay 

communication network utilization (U).

6 length of message"c"

length of FlexRay cycle
U


         (1)



  

such as the centroid, single linkage, complete linkage, and 

average linkage methods. 

The divisive method views all objects as a single cluster. 

These clusters are gradually divided into smaller clusters 

until reaching a specified number of clusters or satisfying 

specified stopping criteria. 

 

III. SYSTEM DESIGN AND TESTING 

A. FlexRay Message Clustering Configuration 

The flexible time-division multiple access (FTDMA) 

characteristics of FlexRay communication networks and the 

numerous parameters that must be set for the FlexRay 

protocol must be considered when implementing FlexRay 

communication transmissions. Overall FlexRay network 

planning is extremely complex. Therefore, Designer Pro v4.3 

FlexRay network scheduling software (Decomsys) was used 

to assist in parameter setting and node planning [11]. 

Because FlexRay is based on the TDMA mechanism, the 

data frame length used for each node and the transmission 

scheduling of each data frame must be planned. 

Two new configurations for FlexRay message scheduling 

were presented. First, the K-means algorithm and the 

hierarchical clustering method were used to cluster the 

messages to be sent by each node based on their lengths. 

After clustering, the messages from the groups of messages 

with shorter lengths were deployed to the static segments and 

the messages from the groups of messages with longer 

lengths were deployed to the dynamic segments. 

Table I shows the parameter settings for simulating 

FlexRay communications using the methods presented in this 

study and Table II shows the simulated message formats. 
 

TABLE I: PARAMETERS FOR SIMULATED FLEXRAY COMMUNICATIONS 

Parameters Values 

Cycle Time 5ms 

Static Segment 3ms 

Dynamic Segment 2ms 

Size of a Minislot 2MT 

Number of Minislot 1000 

gdMacrotick 1μs 

 

TABLE II: COMPARISON OF SIMULATED MESSAGE FORMATS 

Frame 

Number 

Size 

/Bytes 

Frame Length /MT 

1M 2.5M 5M 10M 

1 8 139 74 52 41 

2 16 219 106 68 49 

3 24 299 138 84 57 

4 16 219 106 68 49 

5 32 379 170 100 65 

 

B. Simulation Results of the FlexRay Message Clustering 

Configurations 

Table III and Table IV show the results of using the 

K-means and hierarchical clustering methods on the FlexRay 

messages from Table II. 
 

    

 

 
 

  

    

    

TABLE IV: RESULTS OF USING THE HIERARCHICAL CLUSTERING METHOD 

FOR CLUSTERING FLEXRAY MESSAGES 

Group 

Number 

Frame 

Number 

Longest Static 

Message(Bytes) 

1 3 24 

2 1,2,4,5 32 

 

In this study, (1) was used to calculate FlexRay 

communication network utilization based on the clustering 

results. The results were divided into three groups: before 

clustering, K-means clustering and hierarchical clustering. 

Table V and Fig. 5 show that: using the clustering algorithms 

to cluster FlexRay messages reduced configured network 

utilization at a variety of transmission speeds. 
 

TABLE V: FLEXRAY COMMUNICATION NETWORK UTILIZATION 

Transmission 

Speed(Mbit/s) 

Network Utilization 

Before 

Clustering 

K-means 

Clustering 

Hierarchical 

Clustering 

1.0M 0.379 0.267 0.251 

2.5M 0.170 0.125 0.119 

5.0M 0.100 0.078 0.074 

10.0M 0.065 0.054 0.052 

 

 
Fig. 5. Comparison of FlexRay communication network utilization. 

 

C. FlexRay Message Clustering Configuration 

To verify the practicality of the clustering algorithms, the 

K-means clustering algorithm and hierarchical clustering 

method were implemented in actual FlexRay communication 

networks. Fig. 6 illustrates the verification architecture for 

this system implementation. 
 

 
Fig. 6. System architecture. 

 

This FlexRay communication network had a FlexRay data 

transmission rate of 10 Mbps and used single-channel 

transmissions. Active and passive star connections within the 

network topology were used. The topology also included a 

drive-by-wire mechanism comprising a throttle-by-wire node, 

steer-by-wire node, brake-by-wire node, FlexRay monitoring 
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TABLE III: RESULTS OF USING K-MEANS FOR CLUSTERING FLEXRAY 

MESSAGES

Group 

Number
Centroid

Frame 

Number

Longest Static 

Message(Bytes)

1 13.33 1,2,4 16

2 28.00 3,5 32



  

node, and FlexRay/CAN gateway. 

In addition, the CarSim simulation software was executed 

on the host PC and the network connection was used to send 

the settings information for the vehicle simulation to a 

Peripheral Component Interconnect eXtensions for 

Instrumentation (PXI) platform. The PXI platform was used 

to perform real-time dynamic vehicle simulation. On the PXI 

platform, adapters from National Instruments (PXI-6602 and 

PXI-6722) were linked with the brake-by-wire node to 

transmit accelerator, brake control, vehicle speed, wheel 

speed, and break pressure information to simulate real 

vehicle control. 

A Bluetooth module (Hotlife, model HL-MD08R-C2) 

connected to the FlexRay/CAN gateway was used to transmit 

information on the FlexRay communication network for 

display on an Android mobile phone to capture transfer data 

from the FlexRay communication network. The FlexRay 

monitoring node monitored whether the FlexRay data were 

transmitted correctly. 

1) FlexRay monitoring node (node 1) 

The function of the FlexRay monitoring node was to 

monitor transmitted data within the FlexRay network. A 

universal asynchronous receiver/transmitter (UART) with a 

baud rate of 19,200 bps output these data to the host PC. 

Users only had to connect the UART to the host PC to open 

the HyperTerminal or other serial port monitoring software 

and select connection port and baud settings to capture data 

across the whole FlexRay communication network. 

2) Throttle-by-wire node (node 2) 

The function of the throttle-by-wire node was to receive 

steering and speed control signals sent by the steer-by-wire 

node and to use pulse-width modulation (PWM) for remotely 

controlling a vehicle’s turning direction and speed through 

the MC9S12XF512 (Freescale) pulse-width modulator with 

fault module to simulate real vehicle control. In addition, this 

node controlled the accelerator during CarSim vehicle 

dynamic simulation. 

 

TABLE VI: CYCLE TIME AND DUTY CYCLE TIME FOR THE REMOTE CONTROL VEHICLE 

 Static Rotational 

Speed 

Maximum Forward 

Rotation 

Maximum Reverse 

Rotation 

Rotation Toward 

Center 

Maximum Left 

Rotation 

Maximum Right 

Rotation 

Duty High 1.54 ms 1.97 ms 1.15 ms 1.48 ms 1.82 ms 1.06 ms 

Duty 

Low 
17.62 ms 17.02 ms 18.02 ms 17.68 ms 17.63 ms 18.01 ms 

 

Prior to remote vehicle control, the total cycle time and 

duty cycle time of the front wheels’ servomotors and the rear 

wheels’ DC motors had to be measured. Table VI shows the 

measurement results. 

After obtaining these measurements, two PWM channels 

were used to control rotational speed and steering based on 

these time data. 

3) Steer-by-wire node (node 3) design 

The function of the steer-by-wire node was to read the data 

from the USB game steering wheel set and output them to the 

FlexRay network. An SL811HS USB controller (Cypress) 

was used to implement the USB host function and capture the 

control data from a commercially available USB steering 

wheel and pedal set (Logitech). These data were used to 

represent rotational speed and steering control. 

The content transmitted by each frame is shown below. 

Table VII shows the control data captured by the 

steer-by-wire node of the Logitech USB steering wheel and 

pedal set, which was used for rotational speed and steering 

control. 
 

TABLE VII: FRAME_3 CONTENT 

Byte Content 

0~7 USB joystick data 

 

4) Brake-by-wire node (node 4) 

In this study, two MC9S12XF512 (Freescale) 

microcontrollers (MCUs) were used to implement the 

functions of the brake-by-wire (ABS) node. This included 

brake control in the CarSim vehicle dynamic simulation and 

ABS control. Fig. 7 shows the architecture of the ABS 

control from the brake-by-wire (ABS) node. 

The interior of the brake-by-wire (ABS) node had two 

MCUs, and parallel transmission was used to transmit data. 

MCU A was used for calculating the speed of each wheel and 

MCU B was used for brake control and FlexRay 

communication. 
 

 
  

 

Table VIII shows the left-front, right-front, left-rear, and 

right-rear wheel speeds obtained from the CarSim vehicle 

simulation software by the brake-by-wire node. 
 

TABLE VIII: FRAME_4 CONTENT 

Byte Content 

0 Left front wheel speed 

1 Right front wheel speed 

2 Left rear wheel speed 

3 Right rear wheel speed 

 

Table IX shows the left-front, right-front, left-rear, and 

right-rear wheel slip values calculated by the brake-by-wire 

node. 
TABLE IX: FRAME_6 CONTENT 

Byte Content 

0 Left front wheel slip 

1 Right front wheel slip 

2 Left rear wheel slip 

3 Right rear wheel slip 
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Fig. 7. Hardware architecture of the brake-by-wire (ABS) node.



  

5)  FlexRay/CAN gateway (node 5) 

The function of the FlexRay/CAN gateway was to receive 

steering and speed control signals transmitted by the 

steer-by-wire node within the FlexRay network. The CAN 

communication controller (S12MSCANV2) within the 

MC9S12XF512 (Freescale) converted these signals into 

CAN data packets and output them to the CAN 

communication network. Therefore, the FlexRay/CAN 

gateway only received and did not transmit within the 

FlexRay communication network. Thus, this information is 

not listed here. 

 

IV. EXPERIMENT RESULTS 

To verify FlexRay communication transmission and the 

network configuration, the FTDMA characteristics of the 

FlexRay network were considered. Additionally, numerous 

parameters must be set within the FlexRay protocol, 

rendering network planning extremely complex. Thus, the 

Designer Pro v4.3 FlexRay network scheduling software 

(Decomsys) was used to assist in parameter setting and node 

planning. 

Because FlexRay is based on the TDMA mechanism, the 

lengths of the data frames used by each node and the 

transmission scheduling of each data frame must be planned. 

Table X shows the FlexRay communication configurations 

implemented by the software. 
 

TABLE X: FLEXRAY NETWORK CONFIGURATION 

Frame Slot Channel TX CC RX CC 

Frame_3 3 B Node3 Node1, 

Node2, 

Node4, 

Node5 

Frame_2 6 B Node2 Node5 

Frame_4 9 B Node4 Node5 

Frame_1 12 B Node1 Node5 

Frame_5 15 B Node5 Node1 

Frame_6 18 B Node4 Node5 

 

To increase network utilization, the K-means and 

hierarchical clustering methods were used to determine 

whether the network data frames had to be moved to the 

dynamic segments of the FlexRay network; a network with 

six data frames were planned. Before using the clustering 

algorithms, the sizes of each data frame within the static 

segments were 0, 0, 8, 4, 0, and 4 bytes, as shown in Table 

XI. 

After using the K-means clustering algorithm and the 

hierarchical clustering algorithm, three data frames with data 

sizes of 0 bytes remained in the static segments. Table XII 

and Table XIII show that: the messages in data frames 3, 4, 

and 6 were moved to the dynamic segments. 
 

TABLE XI: DATA IN STATIC SEGMENTS PRIOR TO USING THE CLUSTERING 

ALGORITHMS 

Frame 

Number 
1 2 3 4 5 6 

Data Size 

(Byte) 
0 0 8 4 0 4 

 

Fig. 8 and Fig. 9 show flowcharts of the K-means and 

hierarchical clustering algorithms, respectively. Table XIV 

and Table XV show FlexRay communication network 

utilization. Kang’s method [10] was added for comparing 

network utilization, and Fig. 10 shows this comparison. 
 

  

 

 
      

 
      

 
    

 

TABLE XIII: MESSAGE CONFIGURATION STATUS AFTER HIERARCHICAL 

CLUSTERING 

Frame 

Number 
1 2 3 4 5 6 

Data Size 

(Byte) 
0 0 8 4 0 4 

Load 

Segment 
Static Dynamic Static Dynamic 

 

 
Fig. 8. Flowchart of the K-means clustering method. 

 

 
Fig. 9. Flowchart of the hierarchical clustering method. 

 

TABLE XIV: FLEXRAY NETWORK UTILIZATION (1) 

Transmission 

Speed 

(Mbit/s) 

Network Utilization 

Before 

Clustering 

K-means 

Clustering 

1.0M 0.167 0.067 

2.5M 0.089 0.038 

5.0M 0.062 0.028 

10.0M 0.049 0.023 

 

TABLE XV: FLEXRAY NETWORK UTILIZATION (2) 

Transmission 

Speed 

(Mbit/s) 

Network Utilization 

Kang’s 

Method 

Hierarchical 

Clustering 

1.0M 0.127 0.067 

2.5M 0.073 0.038 

5.0M 0.054 0.028 

10.0M 0.045 0.023 
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TABLE XII: MESSAGE CONFIGURATION STATUS AFTER K-MEANS 

CLUSTERING

Frame 

Number
1 2 3 4 5 6

Data Size 

(Byte)
0 0 8 4 0 4

Load 

Segment
Static Dynamic Static Dynamic



  

To verify whether the data transmitted by the FlexRay 

communication network using the K-means and hierarchical 

clustering methods and the original, unadjusted data 

transmissions contained errors, the FlexRay monitoring node 

(Node 1) was used to capture data from the steer-by-wire 

node (Node 3). Fig. 11 shows data transmission and reception 

accuracy within the FlexRay communication network with 

the K-means clustering method and the hierarchical 

clustering method. 
 

 
Fig. 10. Comparison of network utilization. 

 

 
Fig. 11. Successful reception rate. 

 

V. CONCLUSION 

In this study, the Designer Pro v4.3 scheduling software by 

Decomsys was used to implement FlexRay communication 

network configurations and set related parameters. This 

software was also used to accelerate the planning and 

development of the FlexRay communication network and to 

facilitate parameter adjustment. Finally, the K-means 

clustering method and hierarchical clustering method were 

applied to distribute some of the messages to be transmitted 

by the FlexRay communication network to dynamic 

segments. The results presented in Table XIV and Table XV 

and Fig. 10 indicate that this reduced FlexRay 

communication network utilization and increasing 

transmission efficiency. 

The K-means algorithm and hierarchical clustering 

method were applied to the completed FlexRay 

communication network system to plan the configuration of 

the FlexRay network frames. Doing so effectively reduced 

network utilization. In other words, network utilization 

throughout the entire FlexRay communication network was 

reduced, thereby improving its security. 
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