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Abstract - Vehicular Ad Hoc Networks (VANET) is an inter-vehicle communication technology for both vehicle to vehicle 
communication (V2V) and vehicle to infrastructure communication (V2I). Sometimes VANET also refers to Inter-Vehicular 
Communications (IVC). This study evaluates the performance of VANET specific to V2V communication scenario by using 
802.11p WAVE (Wireless Access for Vehicular Environment) as PHY, with common performance parameters such as throughput, 
delay and packet delivery ratio (PDR). The Evaluation runs to solicit the impact of implementing the VANET when using 802.11e 
contention access scheme EDCA (Enhanced Distributed Channel Access), compared with the default QoS scheme 802.11 DCF 
(Distributed Coordination Function). To design the Simulation of this VANET Environment, the type of Mobility will use Gauss 
Markov mobility model with AODV (Ad-Hoc On-demand Distance Vector) as the network routing protocol. To simplify the 
research, this study will use only the variables of Mobile Node and degree of randomness value pre-defined at 0,8 (to represent the 
movement pattern of mobile nodes). Mobile nodes speed will vary randomly with minimum and maximum speed determined by 
default of simulation tools (NS-3). The Results, obtained by Simulation Software, are analysed with Pearson’s Correlation 
Coefficient methods calculated with common spreadsheet software.  
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I. INTRODUCTION 
 

Transportation system, with land vehicle like cars, truck, 
bus has grown enormously both in numbers and coverage. 
Economic and trading expansion between cities, regions as 
well as countries also triggered the need for mobility of 
both goods and people are also growing rapidly which 
indicated by the increasing number of vehicles (private and 
public). Most of the developing countries such as Indonesia, 
Malaysia, India, China, also launch the low-cost vehicle 
program in order to make their economics growing higher. 
Growth in the number of motor vehicles in Indonesia can be 
seen in next Table 1  
 

TABLE 1 GROWTH VEHICLES NUMBERS IN INDONESIA [1] 

Year Passenger Cars Bus Freight Cars Motorcycle Sum Total

2000             3.038.913           666.280           1.707.134           13.563.017            18.975.344 

2001             3.189.319           680.550           1.777.293           15.275.073            20.922.235 

2002             3.403.433           714.222           1.865.398           17.002.130            22.985.183 

2003             3.792.510           798.079           2.047.022           19.976.376            26.613.987 

2004             4.231.901           933.251           2.315.781           23.061.021            30.541.954 

2005             5.076.230        1.110.255           2.875.116           28.531.831            37.623.432 

2006             6.035.291        1.350.047           3.398.956           32.528.758            43.313.052 

2007             6.877.229        1.736.087           4.234.236           41.955.128            54.802.680 

2008             7.489.852        2.059.187           4.452.343           47.683.681            61.685.063 

2009             7.910.407        2.160.973           4.498.171           52.767.093            67.336.644 

2010             8.891.041        2.250.109           4.687.789           61.078.188            76.907.127 

2011             9.548.866        2.254.406           4.958.738           68.839.341            85.601.351 

2012          10.432.259        2.273.821           5.286.061           76.381.183            94.373.324 

2013          11.484.514        2.286.309           5.615.494           84.732.652        104.118.969 

2014          12.599.138        2.398.846           6.235.136           92.976.240        114.209.266  
  

The growing number of vehicles, and the increased of 
complexity of the road traffic will need a better 
arrangement to avoid the congestion and it can only be done 
if every vehicle also has the ability to communicate with 
each other actively, as well as with traffic control system 
which managed by the authority of the specified area. 

Ad-hoc Network technology has also become a major 
topic in research in the field of radio access, due to the 
increasing number of wireless applications, will increase 
the need of wireless communication traffic which rely on 
the radio frequency. The Optimizing of each frequency 
band could be done by Adhoc Network technology, 
especially if combined with a frequency band of 802.11 that 
uses unlicensed ISM band (Industrial, Scientific, Medical). 

Development of Mobile Adhoc Network that focus on 
communication in the vehicles raises which use 
terminology VANET. Research in VANET that uses 802.11 
Band as physical layer (PHY) is also become favorites as 
research topic and in some studies also combined with 
mobile communications. 

Improvement that needed in VANET, especially to use a 
suitable QoS scheme is required promptly, by means that 
implementation VANET will use existing QoS (Quality Of 
Service) like DCF Access Scheme or Content Priority 
Access like EDCA scheme or other option which will be 
required. We will use throughput, delay and packet delivery 
ratio as key parameters to measure an compare the both 
scheme performance in the simulation environment.  

Gauss-Markov mobility model is the best model to 
simply pattern of the node mobility in the measured area if 
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we are not using varies of barrier or to use paths like a road 
map. Current events are influenced by previous events. 
Various levels of randomness in this model adjusted via 
only one parameter, namely α, though in this research we 
will use to asume an environment of simulation with 
randomness level (α) at 0,8. Theoritically,  the α (0 ≤ α ≤ 1) 
is parameter to combine the degree of randomness by 
calculate the speed and direction of mobile node movement 
for a period of time. The α is decreased as we increase the 
value of α from 0 to 1 in which may result in sharper turns.  
 
 

II. BASIC THEORY 
 

The research on VANET system is still seeking a better 
yet practical concept in its implementation widely as a 
public use commercially. The improvement of QoS which 
able to make VANET more reliable is a must. This paper 
will evaluate the difference and the improvement that we 
can get by implementing content based prioritizing like 
EDCA access scheme instead of the using the existing DCF 
access scheme.  

DCF access scheme and EDCA access scheme are 
fundamental access mechanism in IEEE 802.11 standard 
and IEEE 802.11e standard which based on CSMA/CA. All 
Mobile node in the Network which using DCF scheme will 
use an identical parameter setting including IFS size and 
CW size. The mobile node will entry for channel access by 
fairly queueing in a best effort manner. While in EDCA 
scheme, each Mobile Nodes will separate the content of 
traffic into Access Category (AC). The traffic will classified 
into four ACs, including voice, video, best effort, and 
background. Each AC use different parameter setting, 
therefore AC based service differentiation (QoS) can be 
implemented practically. [5][6]  

The difference of both access scheme in process flow 
basically can be seen on fig 1.   

 
Figure.1  DCF and 802.11e Packet Priority Comparison [11] 

 
With EDCA Scheme, all the payload data will be 

separated into eight levels of User Priority (UP) which are 
related to four Access Category (AC), before accessing the 
wireless channel. Then with three parameters which is used 
at EDCA mechanism, all the separated data will be 

transmitted by channel scheduler, based on the defined 
priority of each content. The eight Users Priority can be 
described in the following table 2. 
 

TABLE 2 USER PRIORITY IN EDCA [13] 

PRIORITY

USER PRIORITY (UP-

SAME AS 802.1D User 

Priority)

802.1D 

Designation

Access 

Category (AC)

Designation

(Informative)

Lower 1 BK AC_BK Background

2 - AC_BK Background

3 BE AC_BE Best Effort

4 EECL AC_VI Video

5 VI AC_VI Video

6 VO AC_VO Video

Higher 7 NC AC_VO Video

 

  
The EDCA has three parameters to improve the QoS of 

Wi-Fi based Network, they are CW (Contention Window), 
AIFS (Arbitrary Distributed InterFrame Space) and TXOP 
(Transmission Opportunity). General standard of maximum 
and minimum value of each parameters that have been used 
commonly are described in next table 3. 

 
TABLE 3. DEFAULT EDCA PARAMETERS FOR EACH AC [13] 

AC CWmin CWmax AIFSN Max TXOP

Background (AC_BK) 15 1023 7 0

Best Effort (AC_BE) 15 1023 3 0

Video (AC_VI) 7 15 2 3,008ms

Voice (AC_VO) 3 7 2 1.504ms

Legacy DCF 15 1023 2 0

 
  
At Simulation Environment, choosing a mobility model 

is important to describe the movement pattern of mobile 
node, and how their location, direction trajectory, velocity 
and acceleration change over time is nearly similar with the 
practical and real life application we want to duplicate or it 
will causes observations result as well as the conclusions 
drawn from the simulation studies may be mislead [2]. 

There are some parameterized mobility models that 
always been used in recent research regarding simulation in 
network model analysis. Classification of mobility model 
can be seen at figure 2 below.  

 

Fig 2 Types of mobility model [5] 
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Gauss-Markov Mobility Model is designed to adapt 
different degree of randomness, also named randomness 
index ( ), also named level of randomness. Initially each 
mobile node (MN) is randomly assigned at a defined 
current speed and direction and then with intervals of time, 
n, the movement occurs by updating the speed and direction 
of each MN.  

Practically, simulation process begins with initiation of 
mobile nodes (MNs) which are placed randomly at 
locations in area covered by the network. In this mobility 
model, movement of one MN to the other MN in the 
network is independent. When Each MN is assigned to a 
determined mean speed, Ŝ, and mean direction, đ , of its 
movement. For each determined time period, an MN 
calculates the speed and direction of its movement by 
referring on speed and direction during the previous time 
period, throughout with a certain degree of randomness 
joined in the calculation. Then MN is moved with assumed 
calculated speed and assumed calculated direction during 
the time period as follows [4]: 

 
sn = αsn-1 + (1-α)ŝ +  sxn-1                  (1) 
dn = αdn-1 + (1-α)đ +  dxn-1                 (2) 

 
where: 
• sn and dn are the new speed and direction of MN at 

time interval n;  
• α, where 0 ≤ α ≤ 1, is the tuning parameter used to vary 

the index of randomness;  
• α = 1: mobile nodes move linearly 
• s and d are constants, represent mean value of speed 

and direction at n;  
• sxn-1 and dxn-1 are random variables from a Gaussian 

distribution.  
 

The parameter α (0 ≤ α ≤ 1) is degree of randomness 
which is used to combine when calculating the speed and 
direction of movement for a time period. The degree of 
randomness decreases as we increase the α from 0 to 1. 
When α is close to 0, the degree of randomness is high, 
which may result in frequently sharper turns. When α is 
closer to 1, the value of defined speed and direction during 
previous time period are more temporally dependent, means 
MN move in a speed and direction closer to what it has 
been before. [4]  

Routing protocol in VANET is challenging topics, due 
to the frequent updates for changes in topologies, and active 
routes might be switch over as mobile nodes move from 
one place to another. The routing schemes in VANET must 
include preserve mechanisms with difficulties caused by 
MN movement and network topology changes along with 
bandwidth, lower consumption of energy, and other 
resources. 

In term of how the routing pattern or routing table 
created to be worked in system, we can classified the Ad 
Hoc Network Routing, specifically for VANET, like next 
fig.3:  

  

 
Figure 3. Routing Protocol for Vehicular Ad Hoc Network [17] 

 
The Ad-hoc On-Demand Distance Vector (AODV) is 

categorized as a reactive routing protocol, which operates 
on hop-by-hop pattern. AODV routing algorithm is a self-
starting, dynamic and multihop routing between 
participating MN that wishing to establish and maintain an 
ad-hoc network. AODV routing protocol allows mobile 
nodes to have routes fastly for new destinations, and 
doesn’t need another nodes to maintain routes to 
destinations which are not in active state in communication.  

Furthermore of above description, the study will use 
Gauss Markov as mobility model and AODV as the default 
routing protocol for the research with VANET simulation 
by considered that both standard parameters is commonly 
used in the recent research in Ad-Hoc Network.  
 
 

III. SYSTEM MODELING 
 

Since the study of VANET in this research is 
specifically for vehicle to vehicle communication, the 
topology of network which we simulate will be like in fig. 4 
below.  

 

Figure 4 Topology for 5 Mobile Nodes per Network 
 

Study and evaluation of certain QoS Performance on 
VANET between content based prioritizing access scheme 
in 80211.e EDCA and existing access scheme with DCF 
method will be run on Network Simulator 3 (NS-3). NS-3 
has become commonly used as a simulation software at the 
recent days research, apart from NS-2.   

The complete and update of NS-3 for installation can be 
down-loaded from its primary site [13]. Since NS-3 is 
works in Linux Operating System, and most of researcher 
as well as students using Windows based as their daily used 
computer, installation of Virtual Machine Engine is needed 
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first. The using of Oracle VM Virtual Box can be a better 
choice, by the reason of the easiness in installation under 
windows environment.  

After  installing Linux Ubuntu operating system on the 
Virtual Machine Platform (Oracle VM Virtual Box Version 
4.3.26), then we can install the NS-3 Installer by package or 
download procedurally from the site [13]. At this research, 
we use NS-3 release 3.19, since it was the most updated 
release when we ran the simulation.  

The Parameters and variables of VANET simulation 
which we used in the research simulation will be define as 
following table 4.  

 
TABLE 4. LIST OF PARAMETER AND VARIABLES 

Parameter Value

Patform Linux Ubuntu 14.04 LTS

Simulator NS‐3 rel 3.19

Animator netanim3.104

Routing Protocol  AODV

Mobility Model  Gauss‐Markov with α = 0.8 

Node Velocity Random , 20‐100 km/h

Physical 802.11p

Packet Size 512 Byte

Datarate blended and composed of 600 kbps 

BK/BE, 300 kbps VI, 100 kbps VO

Mobile Node Numbers 5, 10, 15, 20, 25

Simulation Time 20  

 Simulation scenario will begin by using separate script 
for default DCF access scheme and EDCA access scheme. 
After initiating the EDCA access scheme algorithm (node 
necessary for DCF access scheme) to each node, then 
source of Data Traffic will be generate from each node (as a 
payload traffic source) and send it to the last node (as 
destination).  

The Simulation result data can be capture and analyse 
by external application such as spreadsheet. And by 
NetAnim application, we can use the .xml result data from 
NS-3 to perform moving images of the simulation result, 
which show us the movement of mobile node as well as the 
change of gateway node of the VANET.  
 
 

IV. SIMULATION RESULTS AND ANALYSIS 
 
A. Simulation Result Data 
 

After executing the script of simulation partially for 
legacy DCF access scheme and the EDCA content 
prioritized access scheme at each defined mobile node 
numbers, we could gather and analysed with another tools. 

From the NetAnim application we could obtained 
samples of movement trajectory as shown in Fig.5.  
  

 

Figure.5. Movement Trajectory of 5 MN with EDCA Scheme 
 

The result QoS Performance data of DCF Access 
Scheme for Average Throughput (in kbps), Average Delay 
(in Second) and PDR (in  %), can be seen at table 5 below:  
 

TABLE 5. RESULT DATA FOR DCF ACCESS SCHEME 

Node 
Numbers

Throughput 
(KBPS)

DELAY 
(Second)

PDR (%)

5 NODE 300,468 0,013 96,46
10 NODE 180,125 0,025 64,81
15 NODE 147,605 0,169 76,35
20 NODE 108,033 0,349 71,83
25 NODE 81,576 1,004 29,01
30 NODE 87,065 0,809 43,69  

  
The result QoS Performance data of EDCA Access 

Scheme for Average Throughput (in kbps), Average Delay 
(in Second) and PDR (in %), can be seen at table 6 below: 

  
TABLE 6. RESULT DATA FOR EDCA ACCESS SCHEME 

Node Numbers Throughput 
(KBPS)

DELAY 
(Second)

PDR (%)

5 NODE 289,165 0,026 89,92
10 NODE 234,290 0,066 88,39
15 NODE 145,472 0,336 75,24
20 NODE 108,876 0,589 55,45
25 NODE 103,719 0,667 62,42
30 NODE 94,375 1,120 56,49  

  
B. Result Data Analysis 
 

From the data, we could make comparison about the 
impact of using legacy DCF access scheme and EDCA 
access scheme to the VANET (V2V) QoS performance 
when Network traffic load (mobile node numbers) used as a 
variable as follows:  

For response of Throughput in Mobile Node Numbers 
VS Throughput can be seen as fig. 6 below.  
  

 



GORDON P.H. et al: PERFORMANCE EVALUATION OF VANET WITH EDCA ACCESS SCHEME USING GAUSS . .  

DOI 10.5013/IJSSST.a.18.02.01                                            1.5                              ISSN: 1473-804x online, 1473-8031 print 

 
Figure.6. Performance in Throughput 

 
From the result of above graph (fig.6), we could see the 

difference performance between Ordinary DCF scheme 
QoS compared with EDCA scheme QoS. The throughput in 
Ordinary DCF is better for small numbers of mobile node, 
but due to the increasing of mobile node, the performance is 
drastically declined. In contrary with performance of 
EDCA, the performance of throughput network regarding 
with the increment of Mobile Node Number in system is 
not very much decreased, So, at the higher number of 
mobile nodes (higher traffic), we could have the EDCA 
Scheme have a better throughput.  

From table 3 and figure 1, has illustrate the 
enhancement that we have in EDCA scheme compared with 
ordinary legacy scheme. At the low traffic, the effect of 
each nodes effort to separate the content of traffic which 
send to or receive from another mobile node has consumed 
much resource from the node. Therefore though at DCF 
scheme most of the accommodated parameters such as CW 
and TXOP has a similar value with the lowest priority in the 
EDCA scheme, except for AIFS, but it will caused lower 
performance (lower throughput). But  at the higher traffic, 
the effect of separation of priority in EDCA, by reducing 
the Arbitrary Inter Frame Space Number (AIFSN) for the 
higher priority, reducing the contention window to the 
higher priority and has determined the transmission 
opportunity (TXOP) for higher priority, will dominantly 
make the EDCA scheme become better than DCF scheme. 

At Figure 6, we also see that we have an improvement 
in performance of throughput with using of 802.11e EDCA 
access scheme at 10 and 25 MN, however overall the 
Content based traffic prioritizing in EDCA scheme does not 
make a worse performance, although there are more effort 
and complex algorithm that each node has to process, 
before sending the payload data from source node to 
destination node.  

Actually by calculating Pearson’s correlation coefficient 
(ρ) of average throughput value data to the related MN 
Numbers incremental data where we could have the 
coefficient ρ for DCF Access Scheme is -0,907 and for 
EDCA Access scheme is -0,930. The EDCA slightly has a 
bigger negatif correlation value than DCF scheme and  it 
shows that EDCA has more capable in handling various of 

traffic (increasing or decreasing traffic load), with stable 
and more predictive in throughput that network could offer 
to  users.     

For the response of delay in Mobile Node Numbers can 
be seen in the next fig. 7: 

 

Figure.7. Performance in Delay 
 

At Figure 7, the using of 802.11e EDCA access scheme 
would cause a late performance in delay, Figure 1 and table 
3 has illustrate the enhancement that we have in EDCA 
scheme compared with ordinary legacy scheme. But at the 
other hand, we could see there are some additional process 
that has to be done before the data send by the Mobile 
Node, as well as after the data have been received by each 
mobile node. Process such as separating the traffic content 
dividing it in to eight access category (AC). After dividing 
the traffic, then each mobile node also have to process a 
different treatment to each AC, when transmit it to the 
destination node. Each mobile node has to accommodate 
the three parameters which is used as a prioritizing tools to 
all eight different AC.   

In Delay Performance parameter, the additional process 
in EDCA scheme, as well as more resource consumption to 
each mobile node is dominantly put up the delay in EDCA 
scheme little bit bigger than at the ordinary DCF scheme at 
almost all of traffic load. A different result in some 
condition, could be caused by the process of changing 
gateway (main node) in ad-hoc network system is occurs in 
the simulation scenario when using twenty five mobile node 
in the VANET system. 

By this simulation result, the implementation of EDCA 
scheme in VANET should consider the additional delay in 
the network, especially when we use the communication as 
a network or device control communication, even when we 
set it at the highest priority. The research in using another 
routing protocol other than we have used in this research 
(AODV) in order to reduce the additional delay effect, 
could be held as well as an offset value to have a better 
delay performance.  

Pearson’s correlation coefficient (ρ) of average delay 
value data to the related MN Numbers incremental data, can 
be calculated and we have the ρ for DCF is 0,905 and for 
EDCA is 0,973. So, the bigger positive value in correlation 
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coefficient in EDCA scheme was show us how the EDCA 
scheme is more needed to be implemented in case of higher 
traffic load. Also by having a higher value of ρ, the 
implementation of EDCA Access Scheme will cause 
VANET able to anticipate a more variation of traffic 
demand without the sudden drop of QoS in Delay 
performance, especially for the higher priority traffic 
content.  

For the response of PDR in MN Numbers can be seen at 
fig.8 below. 

 

Figure.8 Performance in PDR 

 
From Fig.8, implementation of EDCA in VANET 

system is not much improve the QoS performance in 
Average PDR, except we see that we have an improvement 
in the slope of decreasing value of PDR related to the 
increasing value of mobile node. This means that EDCA 
Access Scheme cause VANET system has a better response 
in packet delivery for variation of data, and prevent the 
network from sudden drop in PDR performance due to 
many variation in daily traffic load. 

By using the EDCA, we could have a better data about 
the effect of the increasing of traffic (Mobile Nodes) to the 
performance of VANET. By prioritizing the data traffic due 
to the data content (Voice-Video, Best Effort, Background), 
we could have a better performance in PDR Performance. 
In Higher traffic, voice packet will have a better 
opportunity to be carried by VANET, then followed with 
video packet and so on. This will keep the ratio of packet 
delivery maintained from unstable effect of dynamic 
topology caused by Ad-hoc system which used in VANET. 

From the calculation of Pearson’s correlation coefficient 
(ρ) of the Average PDR value data to the MN Numbers 
incremental data, we could have the ρ for DCF is -0,848 
and for EDCA is -0,912. It shows that EDCA has a better  
capability in handling various of traffic load , with stable 
and more predictive in throughput value that network could 
offer to the users. 

 
 
 
 
 
 

V. CONCLUSION AND RECOMMENDATION 
 
A. Conclusion 
 

The implementation of EDCA in VANET at this 
research, could improve the performance of throughput and 
delay especially at higher traffic load, at 25 mobile nodes 
throughput of payload data by using EDCA could reach 
27% higher than using DCF.  

While at delay performance of the VANET, 
implementation of EDCA will caused a higher delay ( more 
than twice lower number of mobile node), however the 
improvement can be achieve at 30 mobile node, the delay 
by using EDCA could reach more than 30 percent higher.. 

PDR Performance for both Access Scheme was varying 
in most of Mobile numbers variable that we used, however 
with averaging of all PDR, we got PDR at DCF scheme at 
63.7%, while at EDCA scheme at 71,3 %, means that with 
EDCA we could have Ratio of Delivery Data 12 % higher 
than DCF. 

However, at over all implementation of EDCA Access 
Scheme in VANET will not improve QoS of the Network 
drastically, moreover the network response to the various of 
traffic load. By seeing the difference of Pearson Correlation 
Coefficient value that we have EDCA scheme 1%-9% 
higher, so it could make VANET able to preserve their QoS 
more stable and predictable under the traffic variation better 
in all measured parameter of VANET QoS. 

The Impact of more complexity and more complicated 
algorithm in 802.11e EDCA than the DCF is only take 
effect barely in the small numbers of Mobile Node (Low 
traffic). Means that implementation of EDCA scheme will 
be needed more when high load traffic occurs in VANET 
system.  

 
B. Recommendation 
 

Further research in studying the effect of additional 
steps and effort when splitting and dividing the traffic in 
each node when implementing the 802.11e EDCA access 
scheme algorithm through the network compared with 
simple algorithm in DCF scheme, considering the flat 
topology at adhoc network and etc. 
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