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Abstract 

 
Intelligent Transportation Systems (ITS) are aiming to provide innovative 
services enabling enhanced performance of traffic management, road safety, 
efficiency and driving comfort. Platooning is a promising ITS application which 
goal is to increase fuel efficiency and traffic safety. Platoon is a caravan of 
vehicles following each other autonomously keeping a small headway and only 
the leading vehicle is controlled by a human driver. The cooperation between 
vehicles is achieved by regular exchange of the periodic broadcast messages also 
called beacons.  
European Telecommunications Standards Institute (ETSI) developed ITS-G5 
protocol stack aiming to support Vehicle-to-Vehicle and 
Vehicle-to-Infrastructure communications. Recently two mandatory standards 
defining beaconing and congestion control mechanisms has been approved. ETSI 
EN 302 637-2 “Specification of Cooperative Awareness Basic Service” introduces 
Cooperative Awareness Messages (CAMs) and defines the appropriate 
message-triggering process. ETSI TS 102 687 “Decentralized Congestion Control 
Mechanisms for ITS-G5” specifies the channel access control mechanism that 
restricts node’s transmission depending on the channel load. Thus, the 
transmitting rate of the CAMs is limited by two aforementioned standards. 
In this thesis we evaluated the performance of platoon enabled by ITS-G5 
communications through the number of simulation experiments. As a simulation 
platform we use a novel Plexe that is special platooning extension of Veins, that 
combines Omnet++ and SUMO. We assess the performance of ETSI EN 302 
637-2 and ETSI TS 102 687 mechanisms under various setup parameters and 
draw the conclusion on its efficiency at supporting demanding platooning 
application.  
 

 

Keywords: VANET, platoon, cooperative awareness, decentralized congestion 

control   
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Chapter 1 Introduction 

 

Intelligent Transportation System (ITS) is an set of advanced applications aiming to 

provide innovative services, and enable people to enjoy a safer, more coordinated 

road traffic. Platoon is one of such applications. There are several efforts towards 

platooning implementations. To name the few, SARTRE, PATH and GCDC [1]. 

SARTRE gives the most commonly used and recognized definition of the platoon as a 

caravan of vehicles, where only the leading one is controlled by a driver and other 

vehicles follow automatically. The information exchange among vehicles to support 

platoon’s coordination is packed up in a periodically transmitted message, which are 

also known as beacons. So far there is no neither clear understanding nor any 

particular recommendation defining the dedicated message type to support 

intra-platooning coordination. However ETSI recently approved Cooperative 

Awareness Messages (CAMs), that potentially could be used for this purposes. The 

message format and conditions for triggering them are specified in the standard ETSI 

EN 302 637-2.  

To cooperatively adapt the messaging rate of the ITS-stations, European 

Telecommunication Standards Institute (ETSI) Decentralized Congestion Control 

(DCC) Mechanisms will be applied to adjust the messaging rate based on the 

feedback of the current channel load. The European profiles setup standard for ITS. 

The ITS needs to conform to a set of protocols and parameters called ITS-G5 when 

their communication is on the 5.9 GHz frequency band.  

In this thesis, we focus on the evaluation of CAMs (ETSI EN 302 637-2) and DCC 

algorithm (ETSI TS 102 687) with respect to platooning application under various 

setup parameters. We assess the driving and communication performance and then 

draw conclusion on CAM and DCC applicability to support autonomous driving 

applications. 

The rest of this thesis is organized as follows. Chapter 2 first describes the 
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standardization we applied, including the CAM rules and DCC algorithm. The 

relevant software and simulation platform are summarized in Chapter 3. In Chapter 4, 

evaluation result will be discussed, and the last chapter concludes the thesis and 

suggests future work. 
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Chapter 2 Standards description 

 

We consider a platoon consisting of N vehicle: a heading vehicle controlled by 

driver while the others follow it automatically and move together in the highway. For 

each vehicle following assumption is adopted� 

! Generates the CAM based on the ETSI EN 302 637-2 specification [2]. 

! The CAM transmission parameters are controlled according to ETSI TS 102 687 

specification [3]. 

! Transmit CAM on the dedicated channel according to IEEE 802.11p standard [4]. 

 

2.1 ETSI EN 302 637-2 

The CAM generation frequency is managed by the Cooperative Awareness Basic 

Service, which defines the transmission time interval into two boundaries as follows: 

! The CAM generation interval should not be inferior to Tmin = T_GenCamMin = 

100 ms. This corresponds to the maximal CAM generation rate of 10HZ. 

! The CAM generation interval should not be superior to Tmax = T_GenCamMax 

=1000 ms. This corresponds to the minimal CAM generation rate of 1HZ.  

The condition for triggering the CAM generation should be checked by a periodic 

inspection. Here we define T= T_CheckCamGen as the inspection interval and it 

should be less or equal to the minimal CAM generation [5]. 

Since the CAM generation is controlled by the dynamics of the originating vehicle, a 

CAM should be triggered immediately if one of the two following events is satisfied: 

! The time elapsed since the last CAM generation is equal or larger than Tmax 

! The time elapsed since the last CAM generation is equal or larger than Tmin and 

one of the related cases has been detected: 

" “Case A”: the absolute difference between the current position and the position 

included in the previous CAM exceeds d = 4 m; 

" “Case B”: the absolute difference between the current speed and the speed 

included in the previous CAM exceeds vmin = 0.5 m/s; 



 

 7 

" “Case C”: the absolute difference between the current forward-direction and the 

forward direction included in the previous CAM exceeds 4o.   

 

2.2 ETSI TS 102 687 

The DCC Mechanism relies on the information about the channel. With the feedback 

gained from current channel, the DCC_access controller will be switched among three 

states: RELAXED, RESTRICTIVE and ACTIVE. These states assign different 

parameters such as Transmitter power, messaging rate and receiver sensitivities. To 

switch among the three states more logically, I summarize the state transition process 

in three steps(subsection) as below:   

2.2.1 Channel load measure 

The channel load is specified as the fraction of time that the received signal is above 

the threshold thS . The estimated channel load can be calculated by using the 

following method: 

! pN probes of the received signal are taken uniformly distributed within the 

measuring interval Tm. For all the probes the received signal level S  is given , 

the channel load formula can be defined as: 

    pNSprobesdChannelloa /)S( th∑ >=   

2.2.2 Transition time constants 

We introduce three time constants as below to determine how often we should check 

and how fast the state machine reacts on corresponding the channel load. 

! NDL_Timeup determines how fast the state machine reacts if channel load is 

raised. 

! NDL_Timedown determines how fast the state machine reacts if channel load is 

dropped. 

! NDL_minDCCSampling determines how often the DCC state-machine should be 

checked for transitions. 

2.2.3 State transitions 

The state transitions are based on four parameters.  
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! MinCL(NDL_timeup) represents the minimum channel load for the past time 

period of length NDL_timeup. 

! MaxCL(NDL_timedown) represents the maximum channel load for the past time 

period of length NDL_timedown 

! NDL_minChannelLoad represents the minimum channel load threshold that DCC 

machine will jump to another state.. 

! NDL_maxChannelLoad presents the maximum channel load threshold that DCC 

machine will jump to another state.  

The transition will start from initial state RELAXED and work according to the 

following rules: 

In state RELAXED: 

! Event A_up: The state will be switched to ACTIVE if MinCL(NDL_timeup) >= 

NDL_minChannelLoad. 

In state ACTIVE: 

! Event A_up: The state will be switched to RESTRICTIVE if 

MinCL(NDL_timeup) >= NDL_minChannelLoad. 

! Event B_down: The state will be switched to RELAXED if 

MaxCL(NDL_timedown) < NDL_maxChannelLoad . 

In state RESTRICTIVE: 

! Event B_down: The state will be switched to ACTIVE if 

MaxCL(NDL_timedown) < NDL_maxChannelLoad . 

Figure 1 is the graphical representation for the automaton state transition within the 

specified limit of G5CC control channel[6].  
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Figure 1. Example of State Machine 
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Chapter 3 Simulation Platform for platoon 

 

3.1. Software description 

To support the coordination of the vehicles in the platoon the wireless 

communications between them is needed. Our goal is to assess the performance of the 

ETSI-enabled communications for the platoon scenario. To study this we make a 

several simulation setups using PLEXE simulation platform. 

 

3.1.1 Veins and Plexe  

Veins is an open Inter-Vehicular Communication (IVC) framework and consists of 

two parts: an event-based network simulator and a road traffic simulation model. The 

below Fig. 2 shows the modules of Veins. To perform IVC evaluation, both the 

network simulator and road traffic simulator are running parallel, connected via a 

Traffic Control Interface (TCP) socket. This protocol is standardized as the TCP, and 

it allows the bidirectionally-coupled simulation.By using this interface, Veins queries  

Simulation of Urban Mobility(SUMO) about the current traffic information(e.g., the 

quantity of vehicles, speed and position of each node, etc.) and then change the traffic 

dynamic(e.g., the acceleration of the vehicles, the route vehicles are traveling 

on,etc ).[7] 

Plexe is an extension of a popular Veins simulator that permits the realistic simulation 

of platoon system. It further extends the interaction through the interface in order to 

fetch the data collected from SUMO can be sent to other cars, and to be used by 

platoon protocols. The implement unfurls in two directions:[8] 

A.Capabilities Implement in SUMO  

The implementation in SUMO mainly refer to a new framework for car-following. To 

implement platoon capabilities and maneuver for vehicles, the framework enables 

both longitudinal control based on open or closed-loop control of acceleration and a 

simplified traversal such as steering to obey platoon dynamic. SUMO car-following 
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model has three modes: Cruise Controllers(CC), Adaptive Cruise Controllers(ACC) 

and Cooperative Adaptive Cruise Controllers(CACC). In our work, we use the CACC 

model. 

B.Protocols and Application Implemented in Veins 

As for Veins, Plexe provide a basic network stack where each vehicle is provided 

with an IEEE 802.11p network interface, a basic protocol for message propagation, 

and a application layer run on the top of message distribution. The idea of the protocol 

layer is to implement the communication strategy to disseminate message among the 

vehicles. The base protocol class provides functionalities to inheriting classes like 

logging of statistics, primitives for sending and receiving messages. As a result, 

subclass can focus the implementation of beaconing strategy itself.  

 

 
Fig. 2 Modular Structure of Veins 

 
3.2 Implementation  

3.2.1 Modification in Application Layer 

In the application layer, we schedule a CAMs Check principle according to the ETSI 

EN 302 637-2 specification. Fig. 3 is the flow chart of our application layer design. In 

every T_CheckCamGen, system will determine whether to trigger a message - in 
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other words, to schedule a new CAM by the 3 steps below: 

Step 1: The system will check whether the time elapsed exceeds 1s. 

Step 2: The system will check whether at least one of the three cases(mentioned in 

Chapter 2 ) is satisfied. 

Step 3: The system will check whether the time elapsed exceeds 100ms. 

      

.

 
Fig. 3 Modification in Application Layer 

 
3.2.2 Modification in Medium Access Layer 

In MAC layer, we introduce DCC algorithm ( rely on ETSI TS 102 687 specification ). 

DCC operates as the gatekeeper on the medium access layer. DCC is based on the 

state-transition automate which switches between Relax, Active and Restrictive states. 

ETSI DCC in general considers 5 following mechanisms to control the vehicle’s 

channel access: “ Transmit Power Control ”(TPC ), “ Transmit Rate Control ” (TRC ), 

“ Transmit Datarate Control ” (TDC ), ”DCC Sensitivity Control” (DSC ), “Transmit 

Access Control ” (TAC ). Without loss of generality for platooning application in this 

thesis, we focus on the TRC mechanism, for more explanation, please see [8]. Fig. 4 
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illustrates the process of our DCC design in MAC layer. After Channel load 

measuring, if one of the two condition (NDL_Timeup is bigger than 2 or 

NDL_Timedown is larger than 5) is satisfied, system will get the MinCL 

(NDL_Timeup) or MaxCL (NDL_Timedown), then a decision whether to jump to 

other state or not will be determined. For the sake of simplicity in this study we 

measure the channel load as CL = N*( lengthM / bitrate) /
ΔT  in our study. Since 

message length (Mlength) , bitrate and 
ΔT  are constant values, the channel load is 

simply changed by the value ofN . In other words, our aim is to calculate the number 

of packets sent for all nodes during the past period time T Δ
.  

 

Fig. 4 The process of DCC Algorithm 

 

Fig. 5 shows the time slot of channel load measurement for different vehicles. Since 

the starting time for each node is close to, the results should be similar too. 
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Fig. 5 Schematic description of Channel Load Measurement performed by different 

vehicles 

DCC algorithm in the MAC layer will perform the Transmission Rate Control. Fig. 6 

gives the explanation of how DCC controller works. When detecting packets in the 

queue, system will check if the time elapsed exceeds the limitation time T , the value 

of which is controlled by the current state . If the request is permitted, packet will be 

sent to physical layer, otherwise the request will be rejected and packet will be 

dropped immediately.    
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Fig. 6. The flow chart of DCC controller 

 

In this thesis, we also consider the DCC configuration with different sub-states in 

state “Active”, see Fig. 6. This functionality is incorporated in the DCC standard and 

also has been discussed in [9]. Table 1, 2, 3 parameterize the look-up table with 1, 3 

and 6 sub-states, where the packet transmission rate is specified as a relevance of 

Channel load. Fig. 7 illustrates DCC machine with 3 Active sub-states. 

 
Fig. 6 Active Sub-state (sub-state number =2) 
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Fig. 7 DCC machine with 3 Active Sub-state 

 
 
 

Table1. Table look-up for DCC with 1 Active_sub-state 
Channel Load State Packet interval time Packet rate 
<15% Relax 0.1s 10HZ 
15%-40% Active 0.5s 2HZ 
>40% Restrictive 1s 1HZ 

 
Table 2. Table look-up for DCC with 3 Active_sub-state 

Channel Load State Packet interval time Packet rate 
<15% Relax 0.1s 10HZ 
15%-25% Active(1) 0.2s 5HZ 
25%-35% Active(2) 0.3s 3.33HZ 
35%-40% Active(3) 0.5s 2HZ 
>40% Restrictive 1s 1HZ 
 

Table 3. Table look-up for DCC with 3 Active_sub-state 
Channel Load State Packet interval time Packet rate 
<15% Relax 0.1s 10HZ 
15%-19% Active(1) 0.125s 8HZ 
19%-23% Active(2) 0.15s 6.66HZ 
23%-27% Active(3) 0.2s 5HZ 
27%-31% Active(4) 0.3s 3.33HZ 
31%-35% Active(5) 0.4s 2.5HZ 
35%-40% Active(6) 0.5s 2HZ 
>40% Restrictive 1s 1HZ 
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Chapter 4 Performance Evaluation 

 
4.1 Reference Scenario 
To illustrate the effect of CAMs and DCC, first of all, we build following scenario: 

1. A platoon composed of 15 vehicles is moving in a straight highway with the leader 

speed 27.77m/s (100km/h) and we set the control parameter of desired distance 

between platoon members to 5 meters (see Fig. 8) 

 
Fig. 8. Platoon 

 

2. During each simulation run four additional vehicles having different speeds (lower 

that the speed of the platoon) will be placed in front of the platoon as disturbance and 

then removed (see Fig. 9). This is equivalent to the slower vehicles appearing in front 

of the platoon (this could be considered as a vehicle coming from the metering ramp 

or due to lane changing). Thus, we model the several deceleration/acceleration 

maneuvers performed by the platoon(see Fig. 10). Table 4 is the table look-up for 

additional vehicle. 
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Fig. 9. Additional Vehicle and platoon 

 

 
Fig. 10. Maneuvers in the simulation setup 

 
Table 4. Parameter of Additional Vehicle 

Vehicle No Speed(m/s) Add time(s) Remove time(s) 
1 15 70 90 
2 18 120 137 
3 18 160 182 
4 20 200 220 
 
 
 
3. To test the effect from CAMs, simulation will be run using different 
T_CheckCamGen values. As a reference state-of-the-art approach from the 
literature[9], beacons having pre-defined triggering rate will be also simulated  (See 
Table 5). 
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Table 5. Simulation Runs in Different Beacon Generated Situations 

Beacon style T_CheckCamGen Frequency 
CAM 13us dynamic 
CAM 500us dynamic 
CAM 1ms dynamic 
CAM 5ms dynamic 
CAM 10ms dynamic 
CAM 50ms dynamic 
beacons,Fixed None 10HZ 
beacons,Fixed None 20HZ 
 

This configuration tests the performance of the control (CAMs, DCC) not only based 

on a constant speed where vehicles have relatively low dynamic but also on a rapid 

acceleration or deceleration where vehicles have a high dynamic. Other wireless 

propagation parameters used in this work are given in the table 6. 

 
Table 6. Parameter of Wireless Communication 

Parameter Value 
Thermal Noise -95dBm 
Pay load size 2000 bits 
Txpower 20dBm 
Bitrate 6Mbps 
Channel load measurement period 1s 
Signal attenuation model Simple Pathloss Model 
Sensitivity -94dBm 
 
4.2 Result 
We discuss the results by dividing them into three parts: 

Experiment 1: Analysis of triggering and sent message .  

Experiment 2: The result relies on the certain DCC configuration-same for all the 

CAMs setups. In this part, our goal is to evaluate the performance of CAMs. 

Experiment 3: The result relies on the certain CAMs or static frequency. In this part, 

our aim is to evaluate the performance of different DCC Active sub-states. 

Experiment 1�This example is based on simulation with 6 Active sub-state DCC  

and CAMs with T_CheckCamGen = 1ms. Fig. 11 shows the number of messages sent 

by each vehicle in the platoon. From the figure we can trace when the new message is 
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sent. Since the lines are parallel, we can get one of them to study the detailed behavior. 

At the beginning, platoon is moving with a constant velocity 27.77m/s. Since the 

triggering rule follows ETSI EN 302 637-2 that has been mentioned in chapter 2, 

“Case A” can be satisfied at most 7 (27.77/4 = 6.94 ) times a second. Table 7 and 

Table 8 show the number of triggered CAMs by the application layer and CAMs that 

went through DCC and has been transmitted from time 51 to 60 s for vehicle No 1 

obtained from the simulation. As one can see the frequency of triggering the CAMs is 

approximately 6 or 7 Hz while the frequency of the actual transmission is around 3 or 

4. About half of messages are limited in the MAC layer by DCC. This is caused by 

the fact that DCC state during this time is Active(3) and the corresponding maximum 

allowed frequency is 5Hz. 

 

 

Figure 11 Message Sent Number of Each Vehicle in platoon 
 
 
 
 

Table 7. Number of CAMs triggered from Simulation Time 51 to 60 s for Vehicles 
NO.1 

Time(s) 51 52 53 54 55 
CAMs NO. 7 6 6 7 7 
Time(s) 56 57 58 59 60 
CAMs NO. 7 7 7 7 7 
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Table 8. Number of CAMs sent from Simulation Time 51 to 60 s for Vehicles NO.1 

Time(s) 51 52 53 54 55 
CAMs NO. 3 3 3 4 3 
Time(s) 56 57 58 59 60 
CAMs NO. 4 3 4 3 4 
  
After that, a vehicle will be added at simulation time 70 s. Table 9 and table 10 show 

the time stamps of the messages between 65 and 74 s. It is obvious that at time 70 and 

71 when the platoon’s leading vehicle detects an obstacle in front, velocity is reduced 

from 27.77m/s to 18 m/s in a very short time, see Fig. 12. And acceleration is 

increasing from 0 to -5 m/s2 from simulation time 71 to 73 s, see Fig. 13. This will 

satisfy “Case B” related to “speed variation”. As a result, triggering frequency goes 

up and CAMs are triggered 8 times a second. However, DCC controller still sets the 

limitation, so we cannot observe changes from Table 10 at time between 70 and 71 s. 

After the velocity drops to a relatively low value, here is 18 m/s, CAMs triggering 

rate also decreases as well, which is depicted in table 9 (see time 72 to 74 s).   

 
Table 9. The number of CAMs triggered from Simulation Time 65 to 74 s for 

Vehicles NO.1 
Time(s) 65 66 67 68 69 
CAMs NO. 7 7 7 7 7 
Time(s) 70 71 72 73 74 
CAMs NO. 8 8 5 4 4 
 

Table 10. The number of CAMs sent from Simulation Time 65 to 74 s for Vehicles 
NO.1 

Time(s) 65 66 67 68 69 
CAMs NO. 4 3 4 3 4 
Time(s) 70 71 72 73 74 
CAMs NO. 4 4 4 4 4 
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Fig. 12 the Velocity Change of platoon from Simulation Time 65 to 74 s 

 
Fig. 13 the Acceleration of Platoon from Simulation Time 65 to 74 s 

 
Fig. 14 illustrates the CAMs/triggered per second and CAM/transmitted per second 

quantity during the simulation, and Fig. 15 shows the channel load measurement. As 

we can see, the trend of blue line in Fig. 14 is mimicking the behavior of the channel 

load in Fig. 15.   
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Fig. 14 CAMs Creat and Sent During Simulation 

 
Fig. 15. The Channel Load of platoon 

 
Experiment 2: In Fig. 16-19, the channel load comparison between static frequency 

(10HZ, 20HZ) and CAMs (T_CheckCamGen 5ms, 10ms) are shown. As it has been 

discussed above the DCC configuration is the same for all for the setups. We observe 

channel load fluctuates in a tiny range for both 10HZ and 20HZ approaches while in 

CAMs the channel load experiences several obviously up and down changes in the 

time slot when additional vehicles is added or removed.  
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Fig16. Channel Load for 10HZ 

 
Fig. 17. Channel Load for 20HZ 
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Fig. 18. Channel Load for CAMs with 5ms T_CheckCamGen 

 
Fig19. Channel Load for CAMs with 10ms T_CheckCamGen 

Figs 20-23 show the velocity variation of all the vehicles from simulation Time 150 to 

200s (the time slot when the third additional vehicle is added and removed). One can 

observe that for 10Hz and 20Hz scenarios, the velocity synchronization of the platoon 

members is better than when using the CAMs, especially when platoon performs any 

maneuver and acceleration or deceleration is taking place (simulation time 160 s and 

190 s). Table 11 is the average distance and corresponding standard deviation values 
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between each node. Since the desired headway of the vehicles of the platoon is 5m, 

CAMs with different T_CheckCamGen values have a similar error under 10 percent.   

 
Fig. 20. Velocity Variation in 10HZ from Simulation Time 150 to 200 s 

 
Fig. 21. Velocity Variation in 20HZ from Simulation Time 150 to 200 s 
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Fig. 22. Velocity Variation in CAMs with 5ms T_CheckCamGen form Simulation 

Time 150 to 200 s 

 
Fig. 23. Velocity Variation in CAMs with 10ms T_CheckCamGen from Simulation 

Time 150 to 200 s 
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Table 11. Velocity Variation in DCC Active sub-state Number is 6 

Beacon Style T_CheckCamGen Average Distance 

(m) 

Standard Deviation 

CAM 13us 5.472 1.516 

CAM 500us 5.282 1.512 

CAM 1ms 5.315 1.522 

CAM 5ms 5.433 1.492 

CAM 10ms 5.417 1.497 

CAM 50ms 5.402 1.495 

10HZ None 5.368 1.483 

20HZ None 5.321 1.518 

 

Table 12 and Fig. 24 present the communication performance in simulation setups 

with ETSI CAMs. We observe in the same T_CheckCamGen, complex DCC active 

sub-state system will produce more packets. But when T_CheckCamGen decreases, 

the delivery number of packet is increasing. However, when DCC active sub-state is 6, 

delivery packet number in 10ms is less than when T_CheckCamGen is equal to 50ms. 

Fig. 25 gives an explanation: a smaller T_CheckCamGen may make the control 

system more sensitive, which means the state is easier to jump to another Active 

sub-state. As a result, the latter effect may limit the minimal delivery interval time and 

affect the packet number.  
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Fig. 24. The Number of Delivered Packet for All the Vehicles with different 

T_CheckCamGen value. 

 

 

Table 12 The Number of Delivered Packet for All the Vehicles. 

 13us 500us 1ms 5ms 10ms 50ms 

6 

sub-state  
14108 13952 14510 13790 13644 16127 

3 

sub-state 
9809 13213 13265 13199 13117 12782 

1 

sub-state 
6452 6413 6464 6372 6331 6206 
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Fig. 25. State Machine Comparison Between 50ms and 10ms 

      

Experiment 3: Figs 26-31 show the velocity synchronization for 10HZ and CAMs 

T_CheckCamGen = 1ms scenarios when DCC Active sub-state has different numbers 

from simulation time 150 to 200 s( the time slot when the third additional vehicle is 

added and removed). It is obvious that when we apply a complex Active sub-state 

system, the performance has a significant improvement. In Fig. 26 and 29, when the 

platoon needs to accelerate or decelerate, the velocity changes for each vehicle are 

asynchronous. But in Fig. 28 and 31, we can see all the nodes obey the same behavior.  

Table 6 also proves this result: the average distance between nodes with more Active 

sub-state controllers is closer to desired value of 5m.  
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Fig. 26. Velocity Variation in 10HZ with DCC Active Sub-state No is 1 from 

Simulation Time 150 to 200 s 

 
Fig. 27. Velocity Variation in 10HZ with DCC Active Sub-state No is 3 from 

Simulation Time 150 to 200 s 
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Fig. 28. Velocity Variation in 10HZ with DCC Active Sub-state No is 6 from 

Simulation Time 150 to 200 s 

 

Fig. 29. Velocity Variation When T_CheckCamGen is 1ms and DCC Active 

Sub-state No is 1 from Simulation Time 150 to 200 s 
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Fig. 30. Velocity Variation When T_CheckCamGen is 1ms and DCC Active 

Sub-state No is 3 from Simulation Time 150 to 200 s 

 
Fig. 31. Velocity Variation When T_CheckCamGen is 1ms and DCC Active 

Sub-state No is 6 from Simulation Time 150 to 200 s 

 

 

The evaluation result is similar when we trace the acceleration variation during 150 to 

200. Fig. 32-37 illustrate the acceleration synchronization among the vehicles in the 
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platoon. It is obvious that DCC with bigger number of Active sub-states has a better 

performance.     

 
Fig. 32. Acceleration Variation in 10HZ with DCC Active Sub-state No is 1 from 

Simulation Time 150 to 200 s 

 

 
Fig. 33. Acceleration Variation in 10HZ with DCC Active Sub-state No is 3 from 

Simulation Time 150 to 200 s 
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Fig. 34. Acceleration Variation in 10HZ with DCC Active Sub-state No is 6 from 

Simulation Time 150 to 200 s 

 
Fig. 35. Acceleration Variation When T_CheckCamGen is 1ms and DCC Active 

Sub-state No is 1 from Simulation Time 150 to 200 s 
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Fig. 36. Acceleration Variation When T_CheckCamGen is 1ms and DCC Active 

Sub-state No is 3 from Simulation Time 150 to 200 s 

 

 

 
Fig. 37. Acceleration Variation When T_CheckCamGen is 1ms and DCC Active 

Sub-state No is 6 from Simulation Time 150 to 200 s 
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Table 13 Headway Variation under Different DCC Configurations 

Number of 

“Active” 

Sub-states  

Beacon Style  Interval  Average 

Distance 

Standard 

Deviation 

1 CAM 1ms 5.414 1.539 

3 CAM 1ms 5.438 1.496 

6 CAM 1ms 5.315 1.522 

1 CAM 10ms 5.319 1.626 

3 CAM 10ms 5.391 1.503 

6 CAM 10ms 5.417 1.497 

1 20HZ 50ms 5.377 1.549 

3 20HZ 50ms 5.157 1.598 

6 20HZ 50ms 5.321 1.518 

1 10HZ 100ms 5.436 1.572 

3 10HZ 100ms 5.300 1.539 

6 10HZ 100ms 5.368 1.483 
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Conclusion and Future Work 

  

In this thesis, we evaluate the CAMs and DCC algorithm applied for the platooning 

application as to study the moving and communication performance. We consider 

CAMs with different T_CheckCamGen and fixed beacons under certain DCC 

configuration. We also compare performance of several DCC configurations with 

various number of “Active” sub-states. Despite of the fact that due to DCC operation 

actual number of transmitted messages was almost the same for different application 

layer setups, we conclude, that beacons generated with a static frequency (in our setup 

10Hz and 20Hz) has a better performance than by using CAMs. Vehicles move more 

coordinately and synchronously. Another conclusion is that a DCC configuration with 

several “Active” sub-states has advantages in comparison to a DCC with a fewer 

number of sub-states in a platooning scenario. As a result one could observe better 

velocity and headway synchronization among the platoon members as well as better 

communication performance. In our study, we also encounter some questions, so our 

future work will be dedicated on the analysis of below detailed questions: 

1. CAMs may impact the channel load. How to adjust the channel load in a 

pre-defined range? (e.g.,adjust TX power)      

2. What is the optimal DCC configuration? Will bigger number of Active sub-states 

always make the system better?  
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