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Abstract 

Vehicular ad hoc networks (VANETs) are a hot topic in the intelligent transport system (ITS) 

area. The introduction of wireless communications between vehicles will enable many useful 

applications to enhance road traffic safety as well to increase efficiency. The standardization of 

IEEE 802.11p, being an amendment to IEEE 802.11 intended for VANETS, faces many 

challenges. In Europe a 30 MHz spectrum at 5.9 GHz have been dedicated for ITS and this 

spectrum has to be used to its full potential. For this reason this thesis compares a 20 MHz wide 

frequency channel with a 10 MHz wide through measurements using 802.11p hardware. The 

measurements were conducted on a highway with relative speeds of up to 240 km/h.  The results 

from these initial measurements show that a 20 MHz channel does not perform worse than a 10 

MHz channel despite the high relative speeds and large metal signs scattering the signals.   

 

What enabled this thesis to do the measurements was Halmstad University‟s participation in the 

Grand Cooperative Driving Challenge (GCDC) 2011. In GCDC nine teams mostly from Europe 

competed in having the vehicle that had the best behaviour in a platoon of vehicles using 

cooperative adaptive cruise control (CACC), the CACC algorithm controlled the vehicles‟ 

acceleration and breaking autonomously based on in-vehicle sensors and communicated messages 

between the vehicles in the platoon using 802.11p. This thesis implemented the communication 

part of Halmstad University‟s vehicle. The challenge was held in Helmond, Holland, May 14-15, 

2011.  Halmstad University‟s team finished in second place.  
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1 Introduction 

IEEE1 802.11p is the proposed technology for wireless communications between vehicles. The 

purpose of introducing communication between vehicles is to enhance road traffic safety as well 

as efficiency and thereby reduce for example CO2 emissions. The IEEE 802.11p is an amendment 

to the wireless local area network (WLAN) standard IEEE 802.11 used in our homes. The major 

difference between 802.11p and 802.11 is the removal of access point (AP) functionality in the 

former, implying that nodes using 802.11p form a vehicular ad hoc network (VANET) and data 

traffic does not have to take a detour around an AP (all nodes are peers).  

Platooning is one promising application for enhancing road traffic safety and efficiency by using 

IEEE 802.11p. The purpose with platooning is to form trains of vehicles on for example the 

highway. One vehicle is appointed to be the lead vehicle (the first vehicle in the platoon) and 

other vehicles join the “train” by sending messages wirelessly asking about permission to 

participate. Once joined, the vehicle will be driving autonomously with the help of the in-vehicle 

sensor systems such as radar and lidar as well as with help of the messages exchanged wirelessly. 

Platooning enables vehicles to have a much shorter distance between each other and thereby 

reduce the fuel consumption due to a decrease in aerodynamic resistance. In other words, the 

platooning application will take advantage of a more intelligent cruise control, cooperative 

adaptive cruise control (CACC). Today, in most modern vehicles there is a built-in ACC, utilizing 

radar technology to adapt the speed to the vehicle in front.  The CACC will be safer and more 

efficient than the ACC, since information about more vehicles ahead will be available for the 

control algorithm. Further, it will also allow people to have a relaxed time in the vehicle and 

probably will many car queues diminish.  

In this thesis the wireless communication part of a platooning application has been developed and 

implemented on real hardware. A Volvo S60 has been equipped with the communication 

hardware for participation in the 2011 Grand Cooperative Driving Challenge (GCDG). The GCDC 

[GCDC] is an international competition where different teams, consisting of both academia and 

companies, will compete in cooperative driving using data communication to control their own 

competing vehicle. This hardware implementation has enabled the investigation of another topic 

within vehicular communications namely the frequency channel bandwidth. In Europe there is a 

30 MHz broad frequency band at 5.9 GHz dedicated for VANETs and the 802.11p technology. 

This frequency band is divided into three separate channels, each 10 MHz in width, one control 

channel and two service channels. This thesis investigates the implication of using one 20 MHz 

broad control channel instead of the proposed 10 MHz control channel. The major difference when 

changing from a 10 MHz channel to a 20 MHz channel will be the transmit rate, when using a 20 

MHz channel the transfer rate will be doubled compared to a 10 MHz channel. Therefore, every 

frame will be sent twice as fast and the shared communication channel will be less occupied 

allowing for more data traffic. 

                                                      

1 Institute of Electrical and Electronics Engineers 
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1.1 Problem Description 

Today wireless communications used in a variety of different applications and settings, in the 

world of Intelligent Transport Systems (ITS) where VANETs belong, the demand on high speed 

and reliable communications is a must. The available frequencies for wireless communications 

are severely limited and strictly controlled by authorities. The ITS field in Europe has been 

appointed a frequency band of 30 MHz at the carrier frequency 5.9 GHz. The 30 MHz used by 

VANETs is today divided into three 10 MHz channels, one control channel and two service 

channels. The control channel will carry the data traffic concerning upcoming dangerous events 

such as collisions (event-driven hazard warnings) as well as time-triggered position messages. 

The control channel is set to the same frequency throughout Europe implying that there is no 

handover between different frequency channels to increase the performance. The handover and 

frequency cell reuse as carried out in the mobile telephone network is not possible in the VANET 

environment since there is no central coordinator in this type of network controlling the 

resources. The control channel is a limiting performance factor in VANETs due to all important 

data traffic transmitted and is foreseen to have problems as the number of 802.11p equipped 

vehicles increases. The transfer rates provided by the physical layer of IEEE 802.11p are from 3 

up to 27 Mbps for 10 MHz channels. By increasing the bandwidth to 20 MHz the transfer rates 

will be doubled from 6 up to 54 Mbps. The basic default rate of transmissions on the 10 MHz 

control channel will probably be 6 Mbps. With one 20 MHz control channel instead the transfer 

rate will be 12 Mbps thus allowing transmission to be done twice as fast allowing the control 

channel to handle more data traffic. This motivates the investigation of using a 20 MHz control 

channel instead of a 10 MHz control channel.  

The GCDC will use today‟s standard with 10 MHz channels as it is specified by the GCDC 

committee. As standards will be used in the challenge the problem lies more in the reliability and 

the ability to efficiently communicate with the other vehicles than in following standards as 

VANETs have been designed and implemented before and the specifications are very well 

defined. However a communications module is required in the vehicle to be used in the challenge 

and it will be required to follow the specifications to allow the vehicle to actuate in a safe 

environment.  

1.2 The purpose of the Bachelor’s Thesis 

The measurements comparing the performance of a 10 MHz channel with a 20 MHz will 

contribute to the European Telecommunications Standards Institute (ETSI) standardization work 

on vehicular communications to gain knowledge on how to best utilize the 30 MHz band that has 

been allocated to ITS. Up to now, there are only few investigations done in the subject. The 

intention of this thesis is to provide information of what implications a switch to a 20 MHz control 

channel has on the performance for VANETs.  

1.3 Method 

This thesis has been carried out in two steps. First the hardware has been prepared for 

participation in the GCDC including a preparation of the communication application (COMM) 

using the Communication Access for Land Mobiles (CALM-FAST) protocol stack [CALM]. The 

implementation of the COMM module has enabled real-world testing on the channel bandwidth 

issue. The question has been if a 20 MHz channel can be as reliable as the 10 MHz channel in a 
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highway scenario where high relative speeds and large metal objects can cause decoding 

problems. To test this hypothesis the thesis has access to two Volvo cars, one Volvo S80 and one 

Volvo S60. The latter will be used in the GCDC and both are fitted with wireless communication 

equipment that passes the requirements for VANETs. The hardware running the code used in the 

measurements and the communication module for the GCDC, is an automotive grade PC (called 

e-box) running Linux. The e-box is equipped with two radio card from Atheros (AR5413) enabling 

IEEE 802.11p communication. In Figure 1 the Volvo S60 together with the communication 

hardware is depicted. To verify that correct channel bandwidths could be obtained on the Atheros 

radio cards a spectroscope was used, which measured the center frequency and returned a 

graphical representation of the channel, see Appendix A. The center frequencies used in the 

measurements was 5.905 GHz (20 MHz width) and 5.900 GHz (10 MHz width) and the 

corresponding channels used was 181 and 180 respectively. 

 

Figure 1. The vehicle, a Volvo S60 and the CVIS e-box with antenna. 

1.4 Organization of the Bachelor’s Thesis 

Chapter 2 contains the fundamental theory for wireless networking and data communication. 

Chapter 3 describes 802.11p which is the standard used in VANETs. The Grand Cooperative 

Driving Challenge‟s interaction protocol, CALM-FAST and the communication module are 

outlined in Chapter 4. In Chapter 5 the channel measurement tests and the difference between 10 

MHz and 20 MHz channels is discussed. The results from the measurements and the GCDC are 

detailed in Chapter 6. The thesis is concluded with a discussion and conclusions in Chapter 7 and 

Chapter 8, respectively.   
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2 Fundamental theory 

For computers to be able to communicate with each other they need to speak the same language 

and they need to be connected with a medium to get their ones and zeros through. In the 

electronic world, cables and radio transceivers are mainly used to establish a connection between 

two electronic devices. Cables are less sensitive to external noise and can therefore support more 

reliable connections with higher bandwidth, but with the obvious drawback mobility. That is 

where wireless radio transceivers have their advantage. Regardless of the medium, copper in 

cables or open air, all nodes need to follow certain rules that describe how the bits are arranged in 

order to understand each other. This is described in protocol standards that often can be fit into 

different levels of the open system interconnection (OSI) model [OSI]. In Figure 2 the OSI model 

is depicted, which describes different abstractions of the communication stack. From the physical 

layer that is the foundation of network communication and describes how the ones and zeroes will 

be interpreted, as an example for wireless communication this can be different modulations of the 

radio signal. The data link layer handles how to arrange these bits and bytes and what they 

represent. The sublayer medium access control (MAC) is responsible for when the bits and bytes 

are transmitted. Then the higher the layer the more abstraction is added and for various 

applications different protocols are used on certain layers to suite its purpose. The application 

layer is the interface to the user; this can for example be a web-browser on a computer or a smart 

phone. The OSI model is a reference model and no real communication system is following this 

model by heart. The purpose of the layer abstraction is to divide the complex task of 

communicating into manageable pieces as well as introduce modularity and more easily support 

exchange of protocols within the different layers.  

 

Figure 2. Shows the standard ISO2 Open Systems Interconnection (OSI) model. 

                                                      
2 International Organization of Standardization  
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2.1 Data Communication 

Data communication is realized by protocols, each protocol is a contract between the 

communicating parties of how the communication will be conducted. Different protocols reside in 

different layers of the stack. In Figure 3 the ubiquitous TCP/IP protocol stack used for 

communication on the Internet is shown. This stack is one realization of the OSI reference model 

depicted in Figure 2. Instead of seven layers it contains five layers because the presentation layer, 

the session layer and the application layer, has been merged into an application layer. Data is 

generated at the application layer and this data has to travel down the protocol stack and will be 

encapsulated at every layer by the protocol in use. Hence, no layer is skipped.   

 

Figure 3. TCP/IP stack 

From a higher layer, for example the application layer, traversing the protocol stack down to the 

physical layer before the data is leaving the machine. To clarify, no communication will be sent 

from Machine A's session layer directly to Machine B's session layer. Instead all traffic will be 

passed through the ego machine's layers by interfaces predefined between the adjacent layers and 

then down to the physical medium that will carry the information, e.g., an Ethernet cable or radio 

waves as used in the wireless communication, see Figure 4. The interface between each layer 

defines what operations and services the lower layer provides to the higher ones. The set of layers 

and protocols used by a system is referred to as network architecture and was invented to make 

the design of networks more manageable.   
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Figure 4. Transmission traversing the protocol stacks 

To conclude the presentation of protocols and layers an analogy will be presented. In Figure 5 the 

sender speaks English and wants to send a message to a friend who only speaks French. The 

message is sent to a translator that speaks English and Swedish (sent down in the “protocol 

stack”). This translator has decided with the remote translator to use their common language, 

Swedish, for the message. When the translator is done he sends the message via an email (the 

lowest layer in this stack) to the recipient‟s translator. By using the predefined information that 

the message is in Swedish and that it should be translated into French he subtracts the 

information and translates the message and then hands the French message to the receiver. The 

sender does not care if the message is sent via email, pigeon post or snail mail, as long as the 

Figure 5. Analogy of multilayer communication 
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message is received by the addressee. The same goes for that the message is in Swedish. For the 

sender it could be in any language. This example shows on the modularity of the protocol stack 

and things can be changed as long as the interface between the layers is well defined and that the 

higher layer knows what the lower layer can offer. By defining rules and interfaces the two 

persons are able to communicate messages via a layered protocol stack.  

2.2 Wireless Networking 

Today various wireless communication protocols are used for different purposes. For example 

mobile phones mainly use GSM or 3G protocols with long range and that have in the past offered 

modest transfer rates. WLAN offer higher transfer rates and short to medium range 

communications. WLAN is widely used in our homes, offices, campus or airports and often acts as 

an access point to the Internet or a Local Area Networks (LAN) for mobile electronic devices. The 

main standard for WLAN is IEEE 802.11 [802.11].  

Since radio waves are more subject to environmental disturbances it is a complex problem to 

enable high bandwidths as with a cable. When introducing movement to the transceivers even 

more effects on the electromagnetic waves have to be taken in to account and therefore some 

types of transmission protocols are more suitable for vehicular wireless communication for 

example, than others. 

When a transmitter (TX) generates a signal it will propagate according to Friis‟ law as long as it 

does not encounter an object. This object will make the electromagnetic wave to be absorbed, 

reflected or scattered, depending on the shape and the surface of the object [Molisch06]. When a 

signal is being reflected there is a high possibility that the receiver (RX) will sense the signal 

multiple times via different paths, traveling different lengths. This effect, when one signal and its 

reflection(s) are superpositioned, see Figure 6, at the RX is called multipath propagation. The 

different signals sensed by the RX are called multipath propagation components (MPCs). The 

different MPCs will arrive slightly time delayed due to longer paths and also phase shifted due to 

reflections etc. The fact is that when transmitting with WLAN frequencies moving the TX or RX a 

few centimetres can have a large impact on the transmission quality since destructive 

superposition of the MPCs can become constructive, and of course vice versa. Depending on the 

modulation used, both destructive and constructive superposition can be hazardous for decoding 

the data sent. Therefore much effort is put into filtering the correct signal at all times. 
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When talking of large scale fading one can compare it with a light source and yourself with a 

large object in between causing a shadow. With the scenario, walking from the light, into the 

shadow of the object, and then out again. The light you see can be compared with how a RX (being 

you in the comparison) senses the TX (being the light source) when passing in the „shadow‟ of the 

TX, see Figure 7. 

 

When movement is introduced to the TX Doppler shift will be introduced [Molisch06]. The 

phenomena Doppler shift can be described simply that the wave that is generated will be 

compressed in front of the moving TX and stretched out behind it. This means that the frequency 

will be a little bit higher in front of the TX and a little bit lower behind it. 

2.2.1 Signal propagation 

Electromagnetic waves are the most common way to transmit wirelessly in communication 

system even though infrared (IR) communication is also possible. The latter requires line of sight 

(LOS) between TX and RX, which is not a prerequisite for electromagnetic waves (but of course 

beneficial for higher frequencies). The received power is influenced by several different 

parameters such as the type of antennas used for transmitting and receiving, carrier frequency 

and the output power. The Friis’ law (Eq. 1) describes the relationship between transmitted 

power and the received power in free space, i.e., no multipath [Molisch06]. 

Figure 6. Illustration of superposition. 

Figure 7. Within the darker area the reception might be severely reduced due to large 

scale fading. The circle being the transmitter and the square being a large object. 
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Eq.1:Friis’ Law. 

The receiving power PRX  is directly proportional to the transmission power PTX as well as the gain 

of both the transmitting and receiving antennas, GTX and GRX respectively. Furthermore the 

factor 
 

   
 
 

, also known as the free space loss factor, adds the fact that electromagnetic waves 

lose their energy the further they travel from its source, d, in free space. One can also see that the 

larger the wave length,  , the higher the Prx will be when the wave travel in free space 

[Molisch06]. 

Friis' Law applies to free space propagation where no obstacles or reflections will affect the wave 

(no multipath is present). However, Friis‟ law is only applicable when TX and RX is at least one 

Rayleigh distance apart from each other, the so-called Fraunhofer distance. This distance is a 

function of the wavelength   and the largest dimension of the antenna La, as shown in Eq. 2. 

    
   

 

 
 

Eq. 2: The Rayleigh distance. 

These laws give the basics of electromagnetic wave propagation in wireless communication 

systems. It is very important to underline that these mathematical descriptions only apply in the 

ideal environment that is described above. In reality the radio waves will reflect, scatter, be 

absorbed or pass trough different materials and obstacles. That can both be beneficial or 

destructive for the propagating signal. 
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3 IEEE 802.11 and its amendment IEEE 802.11p 

The IEEE 802.11p [802.11p] is an amendment to IEEE 802.11 [802.11] which is a WLAN 

standard. 802.11 is the base for many amendments such as the 802.11a/b/g/n for example. This 

section starts with an overview of 802.11 in order to facilitate the major differences between the 

802.11 and 802.11p.  

3.1 IEEE 802.11 – An overview 

IEEE 802.11 is the main standard used in wireless LANs and there are two supported network 

topologies. The first topology uses AP that handle all data traffic and all the nodes connect to the 

APs to be able to communicate. The other mode is called ad hoc network, in this mode there are 

no APs and all node communicate directly with each other.  

3.1.1 Medium Access Control (MAC) 

The 802.11 MAC sublayer protocol describes two different ways of accessing the channel, 

Distributed Coordination Function (DCF) and Point Coordination Function (PCF). DCF is the 

mandatory MAC method and is used both in ad hoc networks and networks containing AP. The 

PCF, which is a polling function, is optional and can only be used in networks containing AP. 

DFC uses the Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) 

[Tanenbaum09] protocol to avoid nodes transmitting at the same time. When a node wants to 

transmit, it starts to sense if the channel is being used or if it is idle, hence the carrier sensing 

part of the protocol. This sensing/listening period is called arbitration interframe space (AIFS) 

and it is the same for all nodes in the network. The MAC protocol of 802.11 is a stop-and-wait 

protocol in unicast mode, i.e., one sender and one receiver. This implies that all data packets must 

be acknowledged (ACK) in unicast mode. This to ensure the data was received correctly, if node A 

transmits data to node D, D will send an ACK in response if the data was successfully received. 

Another mechanism in the CSMA/CA protocol is the backoff time. Backoff time is a random value 

that each node selects within constraints, depending on the physical layer. When a node senses 

during the AIFS that the channel is occupied it selects a random number which it has to 

decrement before the packet transmission can proceed. This backoff value can only be 

decremented as long as the channel is free and as soon the channel becomes occupied during the 

backoff decrementation the nodes must stop and the backoff decrementation is resumed after an 

AIFS after the channel has been busy. When the node reaches a backoff value of 0 it transmits 

directly. The backoff procedure is also invoked if an ACK is not received after a packet 

transmission. In a broadcast scenario, i.e., one sender and many receivers, the ACK procedure is 

not present.  

In Figure 8 the backoff procedure is depicted. Node A is transmitting on the channel when both B 

and C want to transmit and they have to perform a backoff procedure. In this case it happens that 

C chooses a shorter backoff time than B and hence it will transmit data before B. B will at the 

moment it senses that C it occupying the channel pause its backoff countdown until the channel 

is free again.  
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Figure 8. Scenario where B chooses a longer back-off time than C. 

3.1.2 Physical Layer (PHY) 

There are several different physical layers (PHY) in IEEE 802.11 [802.11], see Figure 9. The 

initial release of the standard in 1997 contained three different PHY; frequency hopping spread 

spectrum (FHSS), direct sequence spread spectrum (DSSS) and infrared (IR). The FHSS and 

DSSS used the 2.45 GHz ISM band with rather modest transfer rates of 1-2 Mbps. In 1999, the 

standard was amended with two new PHY; 802.11b and 802.11a. The former was an 

enhancement to the DSSS increasing the transfer rate of up to 11 Mbps and also uses the 2.45 

GHz band. The 802.11a amendment specified a PHY for 5 GHz band with a new modulation type 

– orthogonal frequency division multiplexing (OFDM). This PHY offered transfer rates of up to 54 

Mbps and it is also the PHY used in 802.11p [802.11p] intended for the vehicular environment. 

IEEE 802.11g (released in 2003) is a combination of 802.11b and 802.11a specified also for the 

2.45 GHz ISM band. The latest amendment for increasing the transfer rates was released in 2009 

called 802.11n. It specifies transfer rates of up to 600 Mbps. This is achieved with multiple 

antennas and wider channels. Due the nature of radio waves, they deteriorate the further they 

travel. Rate adaptation is therefore implemented which enables you to lower the transmission 

rate to gain transmission range [Tanenbaum09]. 

 

Figure 9. The physical layers of 802.11 protocol stack. 
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3.1.3 IEEE 802.11p 

802.11p [802.11p] is amending 802.11 both at the MAC layer and the PHY layer. It is intended for 

wireless communications between high-speed vehicles. At the MAC layer all AP functionality has 

been removed, i.e., no central coordinator of the network exists. This results in an ad hoc network 

topology and all nodes are peers. Further, the association and authentication procedures that are 

contained in the ad hoc mode in the legacy 802.11 have been removed in order to establish fast 

network connections between peers. These are the major differences between the legacy 802.11 

and 802.11p on the MAC layer. The PHY layer used in 802.11p is based on 802.11a.  

802.11p uses OFDM, which is multicarrier technique. The basic idea with OFDM is to divide the 

available frequency spectrum into narrower sub-channels (subcarriers). The high-rate data 

stream is split into a number of lower data streams transmitted simultaneously over a number of 

subcarriers, where each subcarrier are narrowbanded. These subcarriers are packed tightly in the 

frequency domain without guard bands. This is achieved by giving each subcarrier a frequency 

response that is zero in each adjacent subcarrier allowing them to be sampled at their center 

frequencies without any interference from their adjacent subcarriers. In 802.11p there are 48 

subcarriers for data transmissions and 4 subcarriers for signaling. 802.11p has support for eight 

different transfer rates from 3 Mbps up to 27 Mbps. The different transfer rates are achieved 

through different modulation schemes and coding rates. In Table 1 the different modulation 

schemes and coding rates are depicted together with the offered transfer rates for two different 

channel bandwidths.  

Table 1. IEEE transfer rates and modulation for 10 MHz and 20 MHz channel. 

Modulation Coding rate (R) Transfer rate (Mbps) 

10 MHz channel 

Transfer rate (Mbps) 

20 MHz channel 

BPSK 1/2 3 6 

BPSK 3/4 4.5 9 

QPSK 1/2 6 12 

QPSK 3/4 9 18 

16-QAM 1/2 12 24 

16-QAM 3/4 18 36 

64-QAM 2/3 24 48 

64-QAM 3/4 27 54 

 

FDM enables multiple peers to transmit by giving each user exclusive possession of some part of 

the frequency band. This is depicted in Figure 10. 
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Figure 10 Frequency division multiplexing starting with the original channels, then shifting 

them up in frequency and then combining them. 

Another way of allowing multiple clients to communicate is by time division multiplexing (TDM) 

where clients take turn in transmitting utilizing the entire bandwidth in a round-robin fashion. 

Although, this is currently not used much in VANETs and will not be discussed further in the 

thesis. 

3.2 Road Traffic Safety using 802.11p 

VANET refer to the use of wireless communications to form ad hoc networks directly between 

vehicular peers using 802.11p [802.11p] technology. The technology is used to increase the safety 

in modern transportation, e.g., throughput through intersections with traffic lights or collision 

avoidance systems. As the topology of a VANET is in an ever changing state, a node might 

disappear just as quickly as it was discovered, routing algorithms is something that is hard to 

configure. Most VANETs will use broadcasting as the preferable transmission type, constantly 

sending out the vehicle‟s information to all available nodes gives a high chance that viable 

recipients will receive the data. However, this mean of transmissions will not guarantee that all 

recipients will receive the data, since there is no acknowledgements (ACK) present in broadcast 

communication. By other words, there is no verification that the data has been received 

successfully at the recipient. Although ACKs serve a great purpose to verify that the transmission 

was successful, one can always consider the "Two-army problem" [Tanenbaum09] that implies 

that there is no certainty that the ACK sent is received correctly at the sender without getting 

another ACK in return. In the end there has to be some decision made on when to trust that 

receivers actually have received the data. 

Due to the ad hoc topology there is no central coordinator that has perfect knowledge about the 

nodes within radio range. In mobile telephone systems the base station (BS) share the available 

resources between the nodes associated to it and it performs for example handover between cells. 

The different neighboring cells are using slightly different frequency channels in order not to 

interfere with each other. In the VANET environment there is no central coordinator that can 

perform “handover” between different frequency channels instead a common control channel is 

used. The common control channel is a bottleneck since this will be the same for all the nodes in a 

network (whole Europe) and for example in dangerous road traffic scenario when many nodes 
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want to broadcast data the channel could be overloaded resulting in major performance 

degradation of the road traffic safety application.  
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4 System overview and implementation  

Different pieces have been assembled and implemented to enable the platooning application for 

the 2011 GCDC. An overview of the system is depicted in Figure 11. The CVIS box developed 

within the European project Cooperative Vehicle-Infrastructure Systems (CVIS) [CVIS] is the 

hardware used for wireless communications with other vehicles as well as wired communication 

with the internal computer system of the vehicle. The platooning application is an advanced ACC 

where the wireless communication turns it into a cooperative ACC (CACC) enabling the vehicle to 

adapt more efficiently to the environment. The CACC is executed on the dSpace MABx,, which 

has access to in-vehicle sensor system and the communicated messages. By merging the sensor 

data with the communicated messages the CACC steers the actuators (e.g., the speed) and adapts 

the vehicle to the environment in real-time. The implementation of the CACC has enabled the 

measurements carried out in this thesis. For further details about the actuators and full system 

specifications see the Halmstad University's full technical paper [TechRep]. 

4.1 CVIS box 

Commercial-off-the-shelf (COTS) hardware was used to develop the communication architecture 

within CVIS together with open source software such as the operating system Ubuntu, a popular 

Linux distribution. The purpose with the CVIS box was to support several different wireless 

technologies such as 2G/3G, the European electronic toll collection (ETC) system, IEEE 

802.11a/b/g/p, and GPS, see Figure 12.  

Figure 11. System overview of the GCDC implementation 
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In CVIS they recognized that one single wireless communication interface could not cover all 

different ITS applications‟ requirements therefore the multiple wireless interfaces. The Atheros 

AR5413 radio card, see Figure 13, enables communication for IEEE 802.11a/b/g and IEEE 

802.11p. Two different antenna settings have been used in this thesis. In the measurements the 

CVIS antenna pod was used, which contains antennas for 2G/3G, 802.11a/b/g/p (2.45 GHz and 5.9 

GHz), European ETC and GPS, see Figure 13.  

Figure 12. The Atheros AR5413 radio card 

Figure 13. The CVIS antenna pod. 
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For the GCDC, the CVIS GPS antenna pod was used to synchronize the system clock, however 

due to a glitch in the connector it had to be replaced by another pod with similar capabilities.  It 

was exchanged with the MGW-301 antenna pod, containing antennas for covering 800 MHz to 6 

GHz as well as GPS [MobileMark]. The built-in GPS in the CVIS box was not sufficient for the 

platooning application and to increase the GPS accuracy a real-time kinetic GPS (RTK-GPS) was 

added. A RTK-GPS receives correctional data via radio to calculate centimeter precision. The 

RTK-GPS is a Trimble SPS-852 [Trimble]. For additional headway position, to cope with when 

the vehicle is standing still and behind or under obstructions, such as bridges, buildings etc. an 

inertial sensor, an XSense MTi-G is used [XSense]. This sensor comes with a full heading and 

altitude reference system (AHRS), the XSense also supplies acceleration and velocity data, which 

was used for dead reckoning to estimate the vehicles trajectory and position when GPS is 

unavailable.  

4.2 Software Implementation 

The software is logically divided into three separate modules; state estimator (STATE), COMM, 

and CACC, see Figure 14, STATE and COMM execute both on the CVIS box. The CACC is 

running on the dSpace MABx. The COMM is responsible for the wireless communication between 

vehicles using the GCDC protocol stack. The CACC has access to the internal sensor system of 

the vehicle. The communication internally between CACC, COMM, and STATE, utilizes the inter-

process communication framework Lightweight Communications and Marshalling (LCM). [LCM]. 

LCM is a toolset for message passing and data marshalling. It was developed by the MIT DARPA 

Urban Challenge team [DARPA]. 

 

Figure 14. The different modules and their way of communication with each other 
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The STATE module is the hub in the system and is connected to the GPS. COMM and CACC 

provide the STATE with data from surrounding vehicles as well as internal sensor data, 

respectively. The STATE compiles the received data from COMM and CACC and transmits LCM 

messages internally with 15 Hz. The LCM information from STATE contains data about the 

vehicle‟s state (received from in-vehicle sensors, XSense and GPS) as well as the data received 

from the surrounding vehicles. The COMM module and the CACC module will digest the 

information sent by the STATE module and extract the relevant data and perform different 

operations. The three different modules are working asynchronously, i.e., they are not 

synchronized at all. The CACC is described in more detail in [KandRep] and more information 

about the STATE module is found in [TechRep]. 

4.2.1 The COMM module 

The COMM module is responsible for the wireless communication between vehicles. It is realized 

through a protocol stack containing the following components; the IEEE 802.11p standard 

[802.11p], the IEEE 802.2 logical link control (LLC), the CALM FAST protocol [CALM] and the 

GCDC interaction protocol. The communication architecture in GCDC does not use the traditional 

Internet protocols such as UDP, transmissions control protocol (TCP), or the internet protocol 

(IP), for other purposes than debugging and remote access to the vehicles. The 802.11p specifies 

the PHY layer and the MAC layer, see Figure 14. The MAC and PHY layer functionality is 

embedded in the 802.11p chipset from Atheros, see Figure 12. The radio cards are controlled via 

drivers developed by MadWiFi [MadWifi].  

 

Figure 15. The GCDC protocol stack compared to the generic OSI model and the traditional 

TCP/IP model used on the Internet. 

 

The CALM FAST covers the network layer up to the session layer of the generic OSI model and 

the GCDC interaction protocol is situated at the presentation layer. Above the presentation layer 

Halmstad University‟s application is found. The CALM FAST protocol was provided by the GCDC 
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organizers as a daemon. The focus of CALM FAST is as the name suggests a faster way to 

traverse the protocol stack in order to support road traffic safety applications‟ requirements on 

delay.  

The GCDC interaction protocol specifies fourteen different messages that are used for 

communication between vehicles in order to have interoperability. The message specification was 

received from the GCDC organizer as an Abstract Syntax Notation One (ASN.1) [ASN.1] 

specification, see Appendix B. ASN.1 is a standard notation that is used to describe data 

structures for representing, transmitting, encoding and decoding data. The ASN.1 notation and 

the rules which it describes are not tied to any particular computer architecture, operation 

system or programming language. In the specification there is information concerning the 

formatting of the messages and the data they contain, and also what data each message shall 

contain. To extract Java classes from the ASN.1 specification of the GCDC interaction protocol 

the BinaryNotes [BN] framework has been used, see Figure 16. The framework provides an 

ASN.1-to-Java compiler and a library for binary data encoding/decoding. The generated classes 

and the encoder/decoder are included in the application. 

To achieve the platooning, every vehicle will broadcast information about itself to the 

surrounding environment with an update rate of 10 Hz using 802.11p. This message, which is one 

out of the fourteen specified in the GCDC interaction protocol, is called dynamicVehicleInfo. It 

contains the vehicle‟s position, timestamp, position accuracy, velocity, heading, acceleration, yaw 

rate, id of vehicle and platoon state. The platoon state of a vehicle can be in stable or transition. A 

vehicle will be in state stable when it is a platoon leader or a platoon follower. Transition will be 

active after a request has been sent to a platoon leader and the vehicle still is waiting for a reply. 

There is also one message sent every second by every vehicle called staticVehicleInfo only 

containing information about the length and width of the vehicle.  

The application is responsible for communicating with the surroundings using 802.11p and also 

internally providing data to the STATE module. It is written in Java and supports the fourteen 

different messages specified in the GCDC interaction protocol, see Figure 16. Whenever a 

message is received from the radio the application extracts the data from the message and 

encapsulates it into an LCM message and transmits it internally on the LCM to the STATE 

module. The application receives LCM messages from the STATE module containing updated 

vehicle information that is transmitted using dynamicVehicleInfo message. The application can 

be in five different states: stopped, preparing, active, suspended or aborted. The state of the 

application was determined by the GCDC organizers during the competition and was 

communicated in the message challengeStateMessage. If in state active or preparing, the vehicles 

are supposed to send messages but are only allowed to form platoons during state active. If the 

state is stopped no vehicles are allowed to send any messages, ergo no platoons are allowed to be 

formed either. If suspended or aborted is the current state, vehicles are allowed to send messages 

but do not have to. The COMM module is following this behavior. To be more exact, the 

application will send messages in all states except when the state is stopped. The default state is 

active. If the vehicle is elected to be the platoon leader, which it will be as long as there is no 

platoon leader in front of it, the application handles the incoming request for joining the platoon 

and always admits new vehicles to the platoon. If the vehicle is a platoon follower or is in platoon 

state transition the application ignores all incoming platoon join requests.  
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Figure 16. Overview of the application with ASN.1 specification. 

The COMM module was created in an iterative process with three releases. The first release was 

implemented using UDP/IP protocols. This initial release had limited functionality and was only 

capable of transmitting/receiving two of the predefined messages for the GCDC. However, this 

release confirmed the basic functionality of the Atheros card and internal communications 

between COMM and STATE. In the second release the GCDC organizers had changed the 

communication protocol from UDP/IP to CALM FAST. This required extensive modifications to 

the overall software for the COMM module. This release resulted in small improvements in 

functionality, though it was using CALM FAST instead of UDP. 

The third release is the most complete release and it supports the required functionality to 

participate in the challenge. For this release a completely new framework for all applications 

running on Halmstad University‟s different hardware platforms was released requiring further 

modifications to the COMM module.  
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5 Channel Measurement 

The measurement was conducted on the highway E6 outside Varberg on the Swedish west coast 

using two vehicles (Volvo S60 and Volvo S80) and the communications equipment described in 

Chapter 4. Two different scenarios were considered – meeting vehicles and following vehicles. 

One vehicle broadcasted messages with a rate of 50 Hz and the other one was only receiving. The 

purpose with the measurements was to compare the performance of a 10 MHz frequency channel 

with a 20 MHz frequency channel for the two different scenarios. The output power was set to 17 

dBm (50 mW). The goal with the measurements was to find the packet error rate for different 

signal-to-noise ratio (SNR). The application used to broadcast messages was written in Java and 

generated data payload for two different message sizes – 300 byte and 800 byte. The first 8 bytes 

was used for sequence numbering to allow verification and offline calculation of lost packets and 

the remaining bytes were random integers. To log the messages, the receiving vehicle used the 

network protocol analyzer Wireshark [Wireshark] that captured the Prism header of the 

transmitted packet. The Prism header is part of the TaZmen sniffer protocol (TZSP), an open 

source protocol, commonly used to wrap 802.11 wireless packets to prevent data intrusion. Each 

packet is divided into three parts: a 4 byte header, one or more tagged fields and the encapsulated 

data.  

The network card, an Atheros AR5413, in the e-box of the receiving vehicle was setup in monitor 

mode allowing Wireshark to obtain the Prism header that holds the received signal strength 

indicator (RSSI) value, transmit rate and the data payload transmitted. The RSSI value is 

defined in the IEEE 802.11 standard [802.11] and the value is reported by the physical layer to 

the MAC layer for every received packet. However, Wireshark only receives the RSSI value of 

successfully received packets. The RSSI value is used for MAC layer issues such as determining if 

the channel is busy or not. It is up to the manufacturer of the network card how to implement the 

RSSI mechanism. The 802.11 standard only defines a parameter with an allowable range 

between 0-255 representing the energy detected at the antenna. The Atheros cards have a 

straightforward implementation of the RSSI value namely it can be interpreted as the SNR value 

in dB, i.e., the number of dB above the noise floor. The RSSI value is measured in the preamble of 

the packet and not over the whole packet duration.  

The section of E6 used in the vehicle meeting scenario of the measurements is depicted in Figure 

17 along with the paths driven, the red line shows the path of the Volvo S60 and the blue line 

displays the path of the Volvo S80. The vehicles had a speed of approximately 120 km/h in the 

two scenarios when the transmissions took place. To visualize the driven path Matlab and the 

Google Earth toolkit has been used. [GoogleEarth] 
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Figure 17. The GPS trace of the Volvo S60 and the Volvo S80 during the channel measurements. 

In Table 2 the four different settings for the measurements are tabulated. Two different packet 

lengths have been chosen combined with the two different frequency channel widths. In the 

vehicle meeting scenario there were 20 meetings for each setting. 

 

Table 2. The measurement setup. 

Channel width Packet length 

10 MHz 300 bytes 

10 MHz 800 bytes 

20 MHz 300 bytes 

20 MHz 800 bytes 
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6 Results 

In Europe it is specified that the available 30 MHz is divided into three 10 MHz channels; one 

control channel and two service channels. It seems as the default transfer rate when using a 10 

MHz broad channel will be 6 Mbps. Compared to a 20 MHz broad channel the transfer rate with 

the same modulation scheme and coding rate will be doubled to 12 Mbps, see Table 1. The 

difference between the bandwidths is the duration of an OFDM symbol. In a 10 MHz channel the 

duration is 8 µs containing a cyclic prefix (CP) of 1.6 µs. With a 20 MHz the duration of an OFDM 

symbol is 4 µs with a CP of 0.8 µs. The number of subcarriers is kept constant when changing 

from a 10 MHz to 20 MHz frequency channel. The CP is present to combat delay dispersion of the 

channel causing inter-symbol interference (ISI) at the receiver. The length of the CP provides 

information of how many meters the longest path of a reflected replica of the signal can be before 

ISI appears. A CP of 1.6 µs has a maximum delay spread of approximately 480 meters and is of 

course halved to 240 meters with a CP of 0.8 µs.  

Frequency dispersion caused by large Doppler shifts is most prominent in low transfer rate 

channels [Molisch06]. In our measurements a relative speed of 240 km/h was reached. In the 

measurements a transfer rate of 3 Mbps was used because the drivers for the Atheros wireless 

network card did not allow a transfer rate of 6 Mbps for multicast/broadcast messages while 

using a 10 MHz channel.   

6.1 High relative speed measurements - Meeting scenario 

The meeting scenario cause Doppler shifts due to the high relative speeds, i.e., frequency 

dispersion. In Figure 18-20 the PER for different SNR are depicted for the different measurement 

settings found in Table 1. Every curve in the figures stem from 20 meetings on the highway and 

approximately 12000-15000 packets were received successfully for each setting. The lost packets 

could be traced by the missing sequence number at the receiving part. Wireshark are unable to 

trace missed packets and hence the RSSI value is not present. Therefore, the lost packets were 

given a SNR based on the previous successfully received packet.  
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Figure 18. Highway measurement 300 byte - 10MHz, 300 byte - 20 MHz, 800 byte - 10 MHz, 800 

byte - 20 MHz 

In Figure 18-19 the comparison between 10 MHz and 20 MHz when broadcasting 300 bytes and 

800 bytes long packets is shown, respectively. It is seen that the 20 MHz channel does not 

perform worse instead a trend can be seen that 20 MHz channel actually is slightly better. One 

explanation to the better performance could be the packet‟s duration in time. The packets sent 

using 20 MHz are exposed to the channel half the time compared to the 10 MHz channel. The 

packet duration for 300 byte packets when using 10 MHz channel is 800 µs compared to 400 µs 

for the 20 MHz channel.  

 

Figure 19. Highway measurement 300 byte - 10 MHz, 300 byte - 20 MHz. 
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Figure 20. Highway measurement, 800 byte - 10 MHz, 800 byte - 20 MHz 

6.2 Low Relative speed measurement - Following scenario 

These measurements were conducted while driving in a manual platoon at about 120 km/h, the 

lead vehicle was transmitting and the following vehicle was only receiving. Figure 21 displays the 

combined result of all measurements settings found in Table 2. In Figure 22 only 300 byte long 

packets are shown for the two channel widths and in Figure 23 800 bytes packets with the two 

different bandwidths are depicted. These measurements contain more received data and give an 

even better indication of the capabilities of the 20 MHz channel.   

In Table 2 the number of successfully received packets for every setting is tabulated. The lost 

packets could be traced by the missing sequence number at the receiving part. Wireshark are 

unable to trace missed packets and hence the RSSI value is not present. Therefore, the lost 

packets were given a SNR based on the previous successfully received packet.   

Table 3. Successfully received packets for the different settings. 

Channel width Packet length Successfully received 
packets 

10 MHz 300 bytes 27 116 

10 MHz 800 bytes 49 333 

20 MHz 300 bytes 37 861 

20 MHz 800 bytes 30 039 
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Figure 21. Manual platooning on highway, 300 byte - 10 MHz, 300 byte - 20 MHz, 800 byte - 10 

MHz, 800 byte - 20 MHz 

 

Figure 22. Manual platooning 300 byte - 10 MHz, 300 byte - 20 MHz.  

In Figure 22 it is clearly seen that the 20 MHz channel is performing better. This could be 

explained by that there is no Doppler present in the following scenario and again it takes twice 

the time for sending packets on the 10 MHz channel compared to the 20 MHz channel. The time 

the packet is exposured to the channel has a significant impact in this relatively unruly radio 

environment at 5.9 GHz. Longer packets (translated in transmission time) have a higher packet 

error rate. The same trend can be seen in Figure 23, where the 20 MHz channel again is better 

than the 10 MHz channel.  
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Figure 23. Manual platooning 800 byte - 10 MHz, 800 byte - 20 MHz.  
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7 Discussion 

One issue with the hardware implementation performed in this thesis is the amount of trust for 

the other teams one will allow. There is no data validation in the communications module except 

for the actual decoding of incoming messages, should the incoming message be formatted 

according to the specification but contain erroneous data, it will still be treated as a valid packet 

and sent further along the internal communication. This raises questions about the safety; a 

bystander could easily disrupt the entire competition by bringing radio equipment and 

transmitting simulated vehicles or traffic light. For future applications the data integrity must 

have substantial malicious content detection to avoid unwanted interference or even direct 

sabotage.  

Although the measurements indicate that the 20 MHz channel is favorable more measurements 

are needed. They were conducted in a real road traffic situation and not one test was exactly the 

same as another. This gives a highly realistic picture of the obstructions and interference that 

might affect the transmissions, for instance, a big truck between two peers can have significant 

impact on one single pass compared to another pass without any obstructions. Therefore many 

tests have to be conducted in order to get a better understanding and also to cover many different 

scenarios that can arise. This can be interpreted as both good and bad, conducting such tests in a 

lab environment differ greatly from a real road traffic environment. 
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8 Conclusion 

In this thesis the wireless communication part of a platooning application has been developed and 

implemented on real hardware. A Volvo S60 has been equipped with the communication 

hardware for participation in the 2011 Grand Cooperative Driving Challenge (GCDG). The GCDC 

[GCDC] is an international competition where different universities and vehicle manufacturers 

are competing in cooperative driving using data communication to control their own competing 

vehicle. The GCDC 2011 is a big leap forward for vehicular communications. With very small 

budgets several teams mostly from Europe have built their own communicating vehicle able to 

interact with each other using the 802.11p standard as the foundation. This competition have 

proven that vehicles can, and probably will in the near future, communicate with each other 

wirelessly using 802.11p, realized with many different software and hardware implementations. 

In the near future production vehicles will probably roll out from the production lines equipped 

with IEEE 802.11p compatible communication hardware ready to take advantage of the many 

applications enabled through introducing wireless communications.  

The implementation of the hardware at Halmstad University resulted in a second place in the 

GCDC competition that took place in Helmond, Holland, May 14-15, 2011. This is the final test 

that the implementation conducted in this thesis was successful and the 802.11p equipped vehicle 

behaved properly in the platooning application.  

The hardware implementation has enabled the investigation of another topic within vehicular 

communications namely the frequency channel bandwidth. In Europe there is a 30 MHz broad 

frequency band at 5.9 GHz dedicated for VANETs and the 802.11p technology. This frequency 

band is divided into three separate channels, each 10 MHz in width, one control channel and two 

service channels. This thesis investigates the implication of using one 20 MHz broad control 

channel instead of the proposed 10 MHz control channel. The major difference when changing 

from a 10 MHz channel to a 20 MHz channel will be the transmit rate, when using a 20 MHz 

channel the transfer rate will be doubled compared to a 10 MHz channel. Therefore, every frame 

will be sent twice as fast and the shared communication channel will be less occupied allowing for 

more data traffic. The channel bandwidth measurements were conducted on a highway with two 

different scenarios – meeting vehicle and following vehicle. The purpose was to find the packet 

error rate for two different packet lengths (300 bytes and 800 bytes) for different signal-to-noise 

ratios (SNR). The results reveal that the 20 MHz channel does not perform worse than the 10 

MHz channel and in some settings the 20 MHz was clearly better. This is really interesting 

results and those will be presented for the European standardization on vehicular 

communications.  
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10 Appendix A - Spectroscope analysis  

 

Figure 24. 20 MHz channel, nr 181. 

 

Figure 25. 10 MHz channel, nr 180. 
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11 Appendix B - ASN.1 Specification 

GCDCMessageDefinition 

DEFINITIONS 

::= 

 

BEGIN 

 

-- GCDC Message 

GCDCMessage ::= SEQUENCE { 

  header   GCDCHeader, 

  payload   GCDCPayload 

} 

 

-- GCDC Header 

GCDCHeader ::= SEQUENCE { 

  messageType MessageType, 

  messageSequenceNumber INTEGER(0..65535), 

  messageTimestamp Timestamp,-- This is the time of the message transmission 

  messagePriority MessagePriority, 

  nodeID  NodeID, 

  nodeType  NodeType 

} 

 

-- MessageType 

MessageType ::= ENUMERATED { -- Corresponding GCDCPayload 

  reserved   (0), -- Not used. 

  dynamicVehicleInfo  (1), -- DynamicVehicleInfoPayload 

  staticVehicleInfo  (2), -- StaticVehicleInfoPayload 

  staticRSUInfo  (3), -- StaticRSUInfoPayload 

  rsuWorldModel  (4), -- RSUWorldModelPayload 

  rsuRelay   (5), -- RSURelayPayload 

  rsuRelayRequest  (6), -- RSURelayRequestPayload 

  rsuRelayReply  (7), -- RSURelayReplyPayload 

  rsuRelayEnd  (8), -- RSURelayEndPayload 

  vehicleSpeedIntent  (9), -- VehicleSpeedIntentPayload 

  platoonAction  (10), -- PlatoonActionPayload 

  trafficLight   (11), -- TrafficLightPayload 

  maxSpeedIndication  (12), -- MaxSpeedIndicationPayload 

  mandatorySpeedProfile  (13), -- MandatorySpeedProfilePayload 

  challengeState  (14) -- ChallengeStatePayload 

 

} 

 

-- GCDC Payload 

GCDCPayload ::= CHOICE { 

  dummy      [0] 

DummyPayload,   -- Not used 

  dynamicVehicleInfoPayload [1] DynamicVehicleInfoPayload, 

  staticVehicleInfoPayload  [2] StaticVehicleInfoPayload, 

  staticRSUInfoPayload  [3] StaticRSUInfoPayload, 

  rsuWorldModelPayload  [4] RSUWorldModelPayload, 

  rsuRelayPayload  [5] RSURelayPayload, 

  rsuRelayRequestPayload  [6] RSURelayRequestPayload, 

  rsuRelayReplyPayload  [7] RSURelayReplyPayload, 

  rsuRelayEndPayload  [8] RSURelayEndPayload, 



40 

 

  vehicleSpeedIntentPayload [9] VehicleSpeedIntentPayload, 

  platoonActionPayload  [10] PlatoonActionPayload, 

  trafficLightPayload  [11] TrafficLightPayload, 

  maxSpeedIndicationPayload [12] MaxSpeedIndicationPayload, 

  mandatorySpeedProfilePayload [13] MandatorySpeedProfilePayload, 

  challengeStatePayload  [14] ChallengeStatePayload 

} 

 

-- 

-- PAYLOAD DEFINITIONS 

-- 

 

-- DummyPayload 

DummyPayload ::= SEQUENCE { 

  -- NULL 

  -- Empty 

} 

 

-- DynamicVehicleInfoPayload 

DynamicVehicleInfoPayload ::= SEQUENCE { 

  vehiclePosition  Position, 

  vehiclePositionTimestamp  Timestamp, 

  vehiclePositionAccuracy  PositionAccuracy, 

  vehicleVelocity  Velocity, 

  vehicleHeading  Heading, 

  vehicleAcceleration  Acceleration, 

  vehicleYawRate  YawRate, 

  platoonLeaderID  NodeID, 

  platoonState   PlatoonState 

} 

 

-- StaticVehicleInfoPayload 

StaticVehicleInfoPayload ::= SEQUENCE { 

  vehicleSize   VehicleSize 

} 

 

-- StaticRSUInfoPayload 

StaticRSUInfoPayload ::= SEQUENCE { 

  rsuPosition   Position 

} 

 

-- RSUWorldModelPayload 

RSUWorldModelPayload ::= SEQUENCE { 

  size   INTEGER, -- Number of entries 

  entries   SEQUENCE OF PlatoonVehicleInfo 

} 

 

PlatoonVehicleInfo ::= SEQUENCE { 

  vehicleID   NodeID, 

  platoonID   NodeID, 

  vehiclePosition  Position, 

  vehicleVelocity  Velocity, 

  vehicleHeading  Heading 

} 

 

-- RSURelayPayload 

RSURelayPayload ::= GCDCMessage 
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-- RSURelayRequestPayload 

RSURelayRequestPayload ::= SEQUENCE { 

  sourceVehicleID  NodeID 

} 

 

-- RSURelayReplyPayload 

RSURelayReplyPayload ::= SEQUENCE { 

  sourceVehicleID  NodeID, 

  willRelay   BOOLEAN 

} 

 

-- RSURelayEndPayload 

RSURelayEndPayload ::= SEQUENCE { 

  sourceVehicleID  NodeID 

} 

 

-- VehicleSpeedIntentPayload 

VehicleSpeedIntentPayload ::= SEQUENCE { 

  size   INTEGER, -- Number of entries 

  entries   SEQUENCE OF TimeSpeedInfo 

} 

 

TimeSpeedInfo ::= SEQUENCE { 

 time   Timestamp, 

 velocity   Velocity 

} 

 

-- PlatoonActionPayload 

PlatoonActionPayload ::= SEQUENCE { 

  toNodeID   NodeID, 

  platoonLeaderID  NodeID, 

  platoonAction  PlatoonAction 

} 

 

-- TrafficLightPayload 

TrafficLightPayload ::= SEQUENCE { 

  trafficColour1  Colour,   -- This is the current colour 

  time1   Timestamp, 

  trafficColour2  Colour, 

  time2    Timestamp, 

  trafficColour3  Colour, 

  time3   Timestamp, 

  trafficColour4   Colour, 

  time4   Timestamp 

} 

 

-- MaxSpeedIndicationPayload 

MaxSpeedIndicationPayload ::= SEQUENCE { 

  speedLocation1  Position, 

  maxSpeed1   Velocity, 

  heading1   Heading, 

  speedLocation2  Position, 

  maxSpeed2   Velocity, 

  heading2   Heading, 

  speedLocation3  Position, 

  maxSpeed3   Velocity, 

  heading3   Heading 

} 
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-- MandatorySpeedProfilePayload 

MandatorySpeedProfilePayload ::= SEQUENCE { 

  size   INTEGER, -- Number of entries 

  entries   SEQUENCE OF TimeSpeedInfo 

} 

 

-- ChallengeStatePayload 

ChallengeStatePayload ::= SEQUENCE { 

  challengeID   INTEGER, 

  challengeState  ENUMERATED { 

    challengeStopped  (0), 

    challengePreparing  (1), 

    challengeActive  (2), 

    challengeActiveTest  (3), 

    challengeSuspended  (4), 

    challengeAborted  (5) 

  } 

} 

 

-- 

-- INFORMATION ELEMENT DEFINITIONS 

-- 

 

NodeID ::= INTEGER 

-- Indicates a unique identifier 

-- Max possible value: 2^64-1 = 18446744073709551615 

 

NodeType ::= ENUMERATED { 

  reserved   (0), 

  vehicle   (1), 

  rsu   (2), 

  trafficLight   (3) 

} 

 

Timestamp ::= SEQUENCE { 

  seconds   INTEGER(0..4294967295), -- seconds since 1970/01/01 

  milliseconds   INTEGER(0..999) -- milliseconds 

} 

 

MessagePriority ::= ENUMERATED { 

  reserved   (0), 

  gcdc   (1), 

  emergency   (2), 

  high   (3), 

  medium   (4), 

  low   (5) 

} 

 

Position ::= SEQUENCE { 

  longitude   LongitudePosition, 

  latitude   LatitudePosition 

} 

 

PositionAccuracy ::= INTEGER(-32768..32767) 

-- Units is 0.01 m. 

-- Actual range (-327.68..327.67) m 

-- Estimation of the position accuracy in the horizontal plane. 
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Velocity ::= INTEGER(-32768..32767) 

-- Units of 0.01 m/s 

-- Actual range (-327.68..327.67) m/s 

-- Speed = 327.65 means no speed available 

-- Negative values imply the vehicle in moving in reverse 

 

Heading ::= INTEGER(0..65535) 

-- LSB of 0.0054931640625 degrees 

-- The current heading of the vehicle, expressed in units of 0.005493247 degrees from 

-- North, such that 65535 such degrees represent (360degrees - 1 LSB) 

-- North shall be defined as the axis defined by the WSG-84 coordinate system and its 

-- reference ellipsoid. Increasing when turning counter-clockwise. 

 

Acceleration ::= INTEGER(-2000..2000) 

-- LSB units of 0.01 m/s^2 

-- Actual range: +/- 20 m/s^2 (about +/- 2g) 

 

YawRate ::= INTEGER(-32768..32767) 

-- LSB units of 0.01 degrees/s 

-- Actual range (-327.68..327.67) 

-- YawRate = 327.67 means no yaw rate available 

-- The YawRate of the vehicle, a signed value (positive when counterclockwise). 

-- The YawRate Element reports the vehicle's rotation in degrees per second 

 

PlatoonState ::= ENUMERATED { 

  stable   (0), 

  transition   (1), 

  reserved   (2) 

} 

 

VehicleType ::= ENUMERATED { 

  unknown   (0), 

  car   (1), 

  vehicle   (7) 

} 

 

VehicleSize ::= SEQUENCE { 

  width   VehicleWidth, 

  length   VehicleLength 

} 

 

VehicleLength ::= INTEGER(0..16383) 

-- LSB units of 0.01 m 

-- The length of the vehicle expressed in centimeters, unsigned 

 

VehicleWidth ::= INTEGER(0..1023) 

-- LSB units of 0.01 m 

-- The width of the vehicle expressed in centimeters, unsigned 

 

LatitudePosition ::= INTEGER(-720000000..720000000) 

-- LSB = 1/8 micro degree 

-- Actual range: (-90..+90) degrees 

-- Position of the geometrical centre of the object 

 

LongitudePosition ::= INTEGER(-1440000000..1440000000) 

-- LSB =1/8 micro degree 

-- Actual range: (-180..+180) degrees 



44 

 

-- Position of the geometrical centre of the object 

 

PlatoonAction ::= ENUMERATED { 

  requestAccept  (0), 

  requestReject  (1), 

  reserved   (2) 

} 

 

Colour ::= ENUMERATED { 

  green   (0), 

  orange   (1), 

  red   (2) 

} 

 

END 

 


