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Performance Evaluation of Adaptive Control Channel Interval in VANET Based 
on Network Simulation Model 

 

Abstract— Vehicular Ad Hoc Network (VANET) is an Ad-hoc network that connects the nodes in the form of vehicles. One of 
challenging issue in VANET is the node density and the high mobility node, that trigger the message traffic intensity dynamically 
change. It requires to allocate the channel capacity dynamically and proportionally. This research evaluates the dynamic control of 
CCH/SCH interval based on node density and the number of node that connected each other’s. We analyze by simulation mobility 
model to show the effectiveness the adaptive control of CCH/SCH interval in VANET network. The simulation results show the 
enhancement of dynamic CCH/SCH interval if compared to CCH/SCH fixed interval. The average delay is 31.66 %, and the 
system throughput is 8.22 %.  
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I. INTRODUCTION 
 

Based on the IEEE 1609.4 standard [1,2], it was 
regulates the channel coordination for supporting data 
exchange between one or more switching devices 
operating on the Control Channel (CCH) and Service 
Channels (SCHs) at the same time. VANET regulation 
based on the IEEE 1609.4 standard defines two types of 
channel which are one CCH and six SCHs. 

Furthermore, the synchronization intervals is 
divided into 50 ms for CCH interval and 50 ms for 
SCH interval as shown in figure 1. 

 
 

                               Figure 1. Operations of DID-MAC [3,6] 
 
The devices have to observe the CCH, when the 

safety time (vehicles near-accident warning), the vehicle 
status frame, and the WAVE Service Announcement 
(WSA) are delivered within the CCH interval. When the 
SCH intervals are received, the devices can be switch to 
the SHCs optionally for applications that are not safe 
(downloading digital map, receiving information about 
the traffic on the road and accessing the Internet [3]. 

 
We must consider for several network traffic 

properties that forces some requirements to multi-channel 
MAC protocol [3]. 

 Delay-sensitive frames i.e. safety and vehicle 
frames are transmitted as Broadcast frame that 
transmitted during CCH interval contains the 
safety and vehicle status frames, which are 
delay-sensitive frames. That means these frames 
must be delivered completely in all traffic 
conditions. 

 The throughput-sensitive delay frames as non-
safety applications requires high throughput so 
that the transmission can be completed as soon 
as possible in SCH Interval while many cars 
demand the roadside devices service. 

 
 

Figure 2. Operations of VCI [4,6] 
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Wang, Q.  et al. [4] proposed a Variable CCH Interval 
(VCI). The scheme also divides the CCH interval into 
safety interval and WSA interval as shown in Figure 2.  

Meanwhile, the connectivity model of VANET can 
be shown on Figure 3. the connectivity in high mobility 
node can influence the performance of VANET.  

 
Figure 3.The connectivity model on VANET [5] 

 
The problem addressed in this paper is the node 

density and the high mobility node, that trigger the 
message traffic intensity dynamically change. It requires 
to allocate the channel capacity dynamically and 
proportionally adjust the ratio of length CCH and SCHs 
interval based on the real traffic condition in VANET.   

The contribution of this research is to analyze the 
adaptive control channel interval in VANET based on 
Network Simulation. This schemes can adaptively adjust 
the ratio of length CCH and SCHs interval based on 
various of vehicles and cluster of vehicles speed with 
proportionally. We also compares this schemes with the 
fixed ratio between CCH and SCHs interval based on 
IEEE 1609.4 standard. 

This paper is divided into five main sections. In 
section II, we provide the related works. In Section III, we 
provide the simulation scenario based on network 
simulation. In section IV, we provide results analysis the 
performance of the schemes affected by various node 
density. Finally, we conclude the paper and propose for the 
next research in Section V. 

 
 

II. RELATED WORK 
 

Based on [4], the study conducted at VCI multi-
channel MAC protocol that can adjust the length ratio 
between CCH and dynamic SCHs. The proposed scheme 
aims to increase the saturation throughput SCHS and make 
sure the safety message transmission keep the prioritized 
transmission of CCH essential safety information. 

Moreover, based on [5] it was proposed an adaptive 
scheme of CCH/SCH interval which has the adaptability 
of the CCH and SCHs to the vehicle density ratio 
proportionally. It was analyzed by combining the 
mobility model and the queuing network model. 
Moreover, this paper evaluates the experiment in two 
scenario. First scenario with the CCH/SCH fixed 
interval, and second scenario with adaptive CCH/SCH 
interval, last step is to compare the scenarios and 

observe the improvement. 
 N. Lu et al. [3] proposed the Dedicated Multichannel 

MAC (DMMAC) that works with an adaptive 
broadcasting mechanism. The aim of the research to 
enhance the safety performance of the packet delivery 
ratio. 

 

III.   THE SIMULATION SCENARIO AND PROCESS 
OF MULTIPLE CHANNEL EXPERIMENT   

 

Using a combination of Network Simulator (NS-3) 
and ONE simulator, we simulated and analyzed with two-
lane road and variation conditions.  

 

In this research, we use the assumption parameter as 
follows: 

 The highway street based on the existing 
geographical map in City Center of Bandung i.e. 
Setiabudi-Lembang Raya street that has the 
following specifications: 

 A road segment under observed is 2 Km 
of length  

 One way direction with the two lane 
 
A. Simulation Scenario 

 There are two primary CCH/SCH interval 
scheme : 

 Fixed CCH/SCH interval with 50 ms 
according to IEEE 1609.4 standard. 

 Adaptive CCH/SCH interval  
We compare the result from the simulation of 
both schemes to observe the improvement of the 
proposed scheme. 

 Each of the schemes used is simulated with three 
different vehicle density i.e. 15, 30, 45 vehicles. 

 The speed used in this simulation is divided into 
three different range: 50-60 Km/h, 60-70 Km/h, 
70-80 Km/h. Three different speed ranges are 
running at the same time. For example, 15 
vehicle scenario had 5 vehicles running at 50-60 
Km/h, 5 vehicles running at 60-70 Km/h, and 5 
vehicles running at 70-80Km/h. 

B. Simulation Process 
 Furthermore, the simulation process can be described 
as follows: 
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Figure 4.The Simulation Process  

  
 Figure 4. shows the simulation process which can be 
explained as follows, after we begin with determining the 
network topology, then we use the VANET network for 
Setia Budi Street to Lembang Raya Street Scenario. The 
road length is around 2 Km using the adaptive CCH 
channel clustering which divided to tree speed clusters. 
Frist speed range is 50 – 60 KM/h, second speed range is 
60 – 70 Km/h, and the third speed range is 70 – 80 Km/h, 
all scenarios are using the 802.11p standard. Furthermore, 
the system configuration uses Ubuntu 12.04 operating 

system, ONE simulator, and NS3 simulator. After 
installing and configuring the systems successfully, we 
run and adjust the clustering scheme and the road scenario 
on the ONE simulator. After we run the simulation, ONE 
simulator will produce the movement file that will be used 
on NS3. The next step is running the scenario on NS3 
with the movement files. The scenario runs on the normal 
condition first, and then the scenario will runs on the 
adaptive CCH channel. After the simulation is complete, 
the next step is data processing. The parameter used is 
throughput, packet loss, and delay. The last step is 
analyzing and concluding the result of the simulation. 

In this phase, VANET experiment that can be done is 
through the mobility simulation. The Opportunistic 
Network Environment simulator (ONE Simulator) was 
used for the simulation. The simulator was used to 
simulate the real condition of a public road, in this 
simulation we use Setiabudi – Lembang Street. We can 
adjust the nodes so they moves like the car, and this 
simulation is divided to three velocity which is slow, 
medium, and fast. 

 
Figure 5. Node Mobility Simulation 

 
Figure 5. shows the node mobility simulation, which 

the nodes are divided into 3 groups, low speed cars are 
marked with s, medium speed cars are marked by m, and 
high speed cars are marked by f. During the simulation, 
each node will move to follow the path on the map, there 
are public roads that we must decide before in a file with 
the Well Known Format (.WKT) extension. Nodes will 
move in accordance with a predetermined speed. When a 
node passed to other nodes, they will try to make 
connections with one another to send a message. 
Broadcast distance of each node can be set in the scripts. 
Broadcast distance can also be seen on the simulator as 
green circle on the node. Every event that occurs will be 
entered into the event log as shown in the following 
figure. 

We can also adjust the interface that can be used, 
simply, we can adjust the transmission speed on 
int.transmitSpeed and the broadcast distance on 
int.transmitRange. In group settings, we adjust how each 
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node in the group work, the speed, type of the router, the 
number of nodes in one group, and others as shown in the 
following figure: 

 
Figure 6. ONE Simulator Group Settings 

 
Figure 6. shows the scenario of ONE Simulator, 

which the Scenario.nrofHostGroups to edit how much 
group/cluster. The Group.router defines the type of 
routing that we use. Group.bufferSize defines how much 
of the buffer on each node that is in the group, 
Group.movementModel defines the type of node 
movement. Group.msgTtl is the length of time a message 
can be in tamping.  

The next line defines the first group/cluster, 
Group1.groupID is the name for the first group. 
Group1.speed defines the speed at group 1, the speed was 
changed to m/s. Group1.nrofHosts defines the number of 
host/node in the group. Group1.interface1 defines an 
interface that is used. Group1.okMaps defines the map 
that is used in that group. And in group 2 and group 3 use 
the same description on group 1, the only difference is the 
speed. 

 
Figure 7. Simulation Script 

Figure 7. describes the Map-Based Movement. In its 
setting nrofMapFiles is the number of the map that is used 
and MapFile is the map taken/in use.  

 
 

 
 
 
The Events.nrof defines the number of events that is 

used. Events1.class defining events/packages that we use. 
Events1.interval defines how many seconds each 
event/packet will be created. Events1.size defines the size 
of the event/packet. Events1.hosts defines the nodes 
which can be the source or destination. Events1.prefix is 
the type of event that is used. 

The restrictions of the region can be done on 
MovementModel.worldSize, the size calculated are width 
and height in meters. In addition to setting for simulation, 
ONE simulator also provides several classes to create a 
report file that can be used in various things. In the script 
above, nrofReports is the number of reports that will be 
issued. Report.warmup is time to update the report. 
Report.reportDir is the setting in which the report will be 
saved, Report.report1 and Report.report2 are the reports 
that is issued. 

In the script above, the report file will contain status 
message file and the movement of nodes that can be the 
input for NS2. Here are the results of the report file 
generated. 

 

 
Figure 8. Status Report Message. 

Figure 8. shows the result of the delivery status of 
messages between nodes during the simulation. File 
report noted how many messages are made, the message 
is sent, the message failed to send, the message is sent 
successfully, the probability of delivery, the average 
delivery delay, and more. The file report makes it possible 
to analyze the simulation performed or performance of the 
protocol used. The next file report produce layout position 
of each node during the simulation for use on NS2. Here 
is a picture of the report file. 
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Figure 9. Safety Packet Interval Script 

Figure 9. shows the script for making safety packet 
took parameters at the interval of the CCH, CCH interval 
consists of Guard interval and CCH interval. The second 
part took parameters at the interval of the SCH, SCH 
interval consists of SGuard interval and SCH interval. 

 

 
Figure 10. Configuration Script 

Figure 10. shows the script in the configuration by 
taking the data on safety and non-safety packet. 

 
 

IV. SIMULATION ANALYSIS 
    

In this study, we evaluated Packet Delivery Ratio 
(PDR) on fixed CCH / SCH Interval and dynamic CCH / 
SCH interval with increasing amount of nodes as the 
increase in population. By adjusting the ratio CCH and 
SCHs, we compared the results that normal and dynamic 

 

 
Figure 11. Packet Delivery Ratio as a function of vehicle density on 

CCH channel 
 
Figure 11. describes Packet Delivery Ratio (PDR) 

with population growth nodes. The simulation results 
PDR average for adaptive conditions, i.e. the conversion 
interval CCH> Interval SCH, will result in increased PDR 
to 8:22%, which is in line with the the exchange of data 
packets affected by node density and node mobility. 

 

 
Figure 12. Throughput as function of vehicle density CCH channel 

 
Figure 12. The throughput system with high number 

of nodes and influenced by the mobility nodes, where in 
the CCH is achieved by dynamic CCH/SCH interval 
always bigger than fixed CCH/SCH interval. Where as in 
dynamic conditions will generate increased throughput of 
simulation around in the amount of 8.2198%. 
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Figure 13. Delay as a function of vehicle density on CCH channel 

 
Figure 13. Shows delay was significantly affected 

by vehicle density or increasing node population. The 
results of simulation the average delay of dynamic CCH 
interval (CCH > SCH) is slightly lower than static CCH 
interval (CCH=SCH) with the same number of vehicles. 
Delay values for dynamic channel (CCH> SCH) lower 
than a static condition, meaning no delay decline by 
31.66%. 

 
V. CONCLUSION AND FUTURE WORK 

 

The research conducted to the adaptive CCH/SCH 
Interval enhance the Quality of Service (QoS) on 
VANET. The average delay decrease by 31.66%, lower 
than the static value for CCH interval. Meanwhile, the 
throughput increase 8.2198% by adjust the ratio CCH 
and SCHs (dynamic) with the variation node density 
based on the existing geographical map in City Center of 
Bandung i.e. Setiabudi-Lembang Raya street. 

Furthermore, it also enhance the performance of  
packet saving transfer. Furthermore, the Packet Delivery 
Ratio (PDR) increase by 8.22%, because the exchange of 
data packets affected by node density and node mobility. 

For the next research, can be done to test non-safety 
applications data viewed as throughput sensitive by 
experiment ratio SCH>CCH interval based on clustering 
speeds of vehicles to get service from different roadside 
devices. 
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