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Vehicular ad-hoc networks (VANETS) technology has been emerged as a
critical research area. Being ad-hoc in nature, VANET is a type of networks
that is created from the concept of establishing a network of cars for a
specific need or situation. Communication via routing packets over the high-
speed vehicles is a challenging task. Vehicles mobility, speed can vary
depending on the road specification. However, on highway, the speed can be
increase up to 120-200 Km/H. Moving at high speed can affect the
efficiency of data delivery. In particular V2I traffic where moving car trying
to deliver data to fixed space units which are designed to collect and process
data from vehicles. Different protocols have been proposed to be
implemented for VANET infrastructure, including 802.11 and 802.11p.
The performance of these proposed protocols has not been compared and
investigated to find out the robust mechanism for handling high speed
VANETS. In this paper, the performance of the most widely deployed MAC
protocols for handling wireless communication which is 802.11 and the

802.11p have been compared, which is a customized version for high speed
modes. Performance is investigated in term of data delivery evaluation
metrics including network throughput, delay and packet delivery ration.
Results show that 802.11p has efficiently enhanced the network performance
where network throughput is increased, delay is decreased, and packet
delivery ratio is increased as well.

Vehicular ad hoc networks
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1. INTRODUCTION

Recently, Vehicular Ad-hoc Networks (VANET) becomes more popular and widely deployed over
all the roads across the world. Most of modern cars are equipped with Wireless modules which provides
vehicles to communicate with each other’s and with communication control points [1]. Enhancing
Inter-Vehicle communication and roadside communication are considered as the most popular wireless
communication research topic. VANET allows road vehicles to notify other vehicles about traffic jams,
sudden stops and other hazardous road conditions [2]. The huge number of expected benefits of VANET and
a number of supporting vehicles are likely become the most realized implementation of mobile Ad hoc
networks. Short range IEEE 802.11 can be used for vehicle communications using suitable radio interface
technology [3]. However, a new standard for both physical and MAC layer has been developed to meet the
requirement of communication between vehicles, IEEE 802.11p is an approved amendment to the IEEE
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802.11 standard which provides Wireless Access in Vehicular Environments (WAVE) [4].
The enhancements that are applied to 802.11 support the applications of the Intelligent Transportation
Systems [5].

The navigation systems availability of each vehicle allows it to recognize the geographic location in
addition to its neighbors. On the other hand, Geographic Routing which is a specific type of routing
approach, becomes possible where choosing a neighbor who is geographically closer to that destination
where frames are simply forwarded to a destination. With the vehicles, rapid growth and increasing number
of roadside traffic monitors, the enhancement of navigation systems, the wireless network devices low cost
promising peer-to-peer (P2P) applications and externally driven services to vehicles became available.
For this purpose, the Wireless Access in Vehicular Environments (WAVE) standards is proposed by the
Intelligent Transportation Systems (ITS) to define an architecture which enables vehicle-to- vehicle (V2V)
and vehicle-to-infrastructure (V21) wireless communications collectively [6]. Figure 1 shows the general
VANET network communication.
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Figure 1. VANET network communication [6]

In this research, the performance of 802.11 and 802.11p performance in a high-speed vehicle
environment have been compared and to investigate how they performed to find out how 802.11 and 802.11p
are performing when vehicle speed changing and how can this reflect in term of communication
performance. The mechanism of data delivery can be affected in case of frequent distance changes away
from the road side unit where data is delivered. Different vehicles speed needs to be measured to cover a
wide range of vehicles possibilities.

The rest of this paper is organized as follows: In section 2 related work is presented. Section 3
illustrated the simulation scenarios for data delivery performance evaluation. Section 4 illustrate the
measurement results and analysis; Finally, a conclusion is presented in section 5.

2. RELATED WORK

In VANET, different issues are considered as critical and particularly for safety application where
data delivery is critical and may threat human lives. 802.11p protocol has been proposed to provide more
reliable data communication in high speed nodes environment. Demmel et al. note that latencies have not
been investigated in these previous studies, when they are supposed to be a major improvement brought upon
by the amendment [7]. Furthermore, the whole set of possible speed classes has not been investigated where
each study focuses on a precise range such as lower speeds or freeway speeds [8]. Experimental conditions
are not very well known or controlled, notably for being open. Although it is advantageous to measure
performance in real road conditions, as they have shown to be very variable depending on the experimental
environment, it is important to obtain baseline performance details in more controlled environments first.
propose a detailed post processing analysis of performance metrics (latency, range and frame loss), for
measurements taken in a controlled, representative freeway-like environment and using the full range of
speeds achieved by motor vehicles [9].

Gréfling et al. provide performance evaluation for using dedicated short-range communication
standard (DSRC) in data delivery for VANET communication [10]. The new DSRV standard solution
provide a multi-channel which can server multiple application types and provide high performance for future
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VANET communication. Performance evaluation includes different communication parameters including
throughput, collision probability and delay. Different scenarios have been built to simulate different scenarios
and analyze results [11]. Performance evaluation shows that new standards can prioritize data packets for
dense and loaded scenarios where network throughput has been decreased significantly and delay has
been increased.

Mobility impact in IEEE 802.11p infrastructure less vehicular networks. Due to high mobility,
two dynamic contention window mechanisms to alleviate network performance degradation. The first
scheme provides a dynamic level of service priority via adaptation to the number of neighboring nodes,
while the second scheme provides service priority based on node relative speed. Extensive simulation results
demonstrate a significant impact of mobility on the IEEE 802.11p MAC performance where the unfairness
problem with the vehicle-to-vehicle (V2V) communications and the effectiveness of the proposed MAC
schemes [12].

Performance evaluation of IEEE 802.11p enabled vehicular video surveillance system. [13] assess
the feasibility of such system by analyzing the video end-to-end distortion for a target vehicle, located several
hops away from the gateway, when it is alone or there are also other vehicles transmitting video [14].
They demonstrate the importance of dynamic adaptation of the video bit rate of each vehicle depending on
the number and positions of the participating vehicles.

A performance evaluation for VANET using LTE and IEEE 802.11p has been proposed in [15].
A detailed study of performance evaluation for both standards for different parameters configuration
including vehicle density and transmission frequency have been done in [16]. Different performance
evaluation considerations have been checked including reliability, mobility support, delay and scalability for
different VANET application context [17]. Intensive simulation experiments have been implemented to
evaluate the standard's effectiveness. Results indicate that 802.11p provides acceptable performance for
sparse network topologies. On the other hand, LTE meets most of the application requirements in terms of
reliability, scalability and mobility support. However, it is challenging to obtain stringent delay requirements
in the presence of higher cellular network traffic load.

3. SIMULATION TOPOLOGY

To evaluate the performance of VANET, a realistic simulation environment is needed to be built.
In this study Wilmington, New Castle County, Delaware, 19801, United States of America. The coordination
of the used map is -75.5875 * -75.5348 H and 39.7272 / 39.7096 V. has been selected. Figure 2 shows the
real map of selected highway.
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Figure 2. High speed way, Wilmington simulation map

The open street map (OSM) project has been utilized [18]. OSM is a collaborative project to create a
free editable map of the world. The creation and growth of OSM have been motivated by restrictions on
the use or availability of map information across much of the world. The advent of inexpensive portable
satellite navigation devices. Rather than the map itself, the data generated by the OSM are considered as a
primary output. The data is then available for use in traditional applications.
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Then the exported OSM files are input to the SUMO simulator to generate traffic simulation [19].
The first step in SUMO is to generate the traffic network where vehicles are moving in high speed. After that
the vehicle trips are generated by specifying the required time of the simulation. Finally, SUMO creates a
complete simulation file which includes all vehicles, paths and trip details for each vehicle depending on the
provided map.

A python-based script is then used to translate the SUMO simulation file to the NS2 mobility and
configuration files. In the NS2 simulator the mobility and the speed of vehicles are adjusted in the mobility
file. Data are forwarded to the central communication location for storing and processing. Figure 3 illustrate
the location of the vehicles in the simulating network before inserting the road side unit (RSU)s. A grid of
road side units is inserted in the network to cover the whole simulation area as shown in Figure 4.
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Figure 3. The NS2 simulation network Figure 4. The simulation network after adding RSUs

before adding RSUs

3.1. Simulation parameters

The network simulation parameters that are assigned to network nodes are listed in Table 1 where
different simulation scenarios have been implemented using different simulation time, different vehicle
speeds have been simulated and performance comparison has been investigated [20].

Table 1. Netwrok simulation parameters values

Parameter Value
Channel type Wireless Channel
Radio-propagation model Two Ray Ground
Network Interface Type Wireless Phy.
Antenna type Omni Antenna
Interface queue type Drop Tail / Pri-Queue
Maximum packet in Queue 50
MAC type 802.11, 802.11p
Topographical Area 13000 x 13000 sqgm
Routing protocols DSDV
Number of mobile nodes 40
Simulation Time 60 seconds
Data Flow CBR
Packet Size 256byte
Data Bit rate 0.5 MB/s
Vehicle speed 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 200 Km/h

3.2. Performance metrics

Different evaluation metrics can be measured, including:
1. End to end delay

The end-to-end delay represents the average amount of time, which is taken by each vehicle packets
to traverse the path from a vehicle to another vehicle or RSU. E2E delay is accumulative of different network
delay types. It mainly includes processing delay for buffering delay, route discovery and intermediate node
forwarding delay. E2E delay is considered as a significant network performance indicator where small values
E2E delay represents better network performance. Increased delay can be caused by routing overhead or link
failure. To estimate the average E2E delay for a network, the following equation is used:
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@1y 0
number of packets

TEZE

Where, T_E2E is the Average E2E Delay, TR is packets received time at destination node and TS is
packets sent time from the source node.

2. Packet loss
Packet loss is obtained by subtracting the number of packets received at Access Point from the total

number of packets transmitted.

Packet lost = Z transmitted Packets — Z received Packets @)
(Packets losts * 100)
> transmitted Packets

©)

Packet loss Ratio =

3. Network throughput
Throughput referred to the vehicles packets number which is correctly delivered over the network

for a specific time. To measure throughput put in a link between two nodes total number of packets that have
been successfully delivered to the desired nodes are counted. Increasing throughput values is a great indicator
for enhanced performance. It is measured in bits per second (bit/s or bps). Throughput can be represented

mathematically as in equation below:

no.of delivered packet * packet size x 8 @)
total simulation time

Throughput =

4, MEASUREMENT RESULTS AND ANALYSIS

To investigate the performance of both 802.11 and 802.11p, we have illustrated the performance
comparison between both protocols in term of evaluation metrics. The estimated results of the experimented
various main scenarios of different speeds are shown in the following diagrams. Figure 5 shows that 802.11p
has decline the number of dropped packets significantly when it is compared with 802.11 when the vehicle
speed is increased, which means that the 802.11p has been enhanced the number of dropped packets up to
70%. The efficient enhancement in number of dropped packets for 802.11p is acheived by handling
performance anomaly problem efficiently.

The network delay results show better performance for 802.11p where the end to end delay has been
decreased up to 12% less than the results of 802.11 mac protocol as shown in Figure 6. 802.11p allow faster
delivery of packets for its destination in higher speed vehicles due to better handling of traffic flow and
signals power for mobile devices.
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Figure 5. Number of dropped packets for both Figure 6. End to end delay for both 802.11 and
802.11 and 802.11p 802.11p
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802.11p also enhance the network performance where the number of successfully received packets
is increased as shown in Figure 7. The network throughput has been increased up to 41% more than 802.11
mac protocol. Effeceint handling of performance anomaly problem by 802.11p has dramarically decrease the
number of dropped packet and thus enhance the delivery of data traffic to its final destination successful
handling of data delivery reflected in better network throughput and higher packet delivery ratio as dipcted in
both Figures 7, 8. Figure 7 shows that the packet delivery ratio of the 802.11p mac protocol is much larger
than the packet delivery ratio of 802.11. The packet delivery ratio has been enhanced up to 41%
of the 802.11.
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Figure 7. Network throughput for both 802.11 Figure 8. PDR for both 802.11 and 802.11p
and 802.11p

The results show performance degradation for data communication when vehicle speed is increased
which indicates that data communication is affected in high vehicles speed mobility. The performance has
been measured in term of evaluation metrics, including throughput, end to end delay, dropped packets and
packet delivery ratio. 802.11p mac protocols provide better performance than 802.11 where it can handle data
communication more efficiently where the performance metrics is enhanced. The number of dropped packets
is decreased up to 70%, where the packet delivery ratio and network throughput is increased up to 41%.
The end to end delay is also decreased down to 12%.

Performance anomaly and particularly in higher speed vehicles, mobility is still a critical
performance issue, despite the enhancement of 802.11p protocol where the number of dropped packets is
increased when the vehicle speed is increased resulting in performance degradation and data loss.
The objective of investigating the effects of high speed vehicles and its consequences on performance
anomaly problem since 802.11p is accomplished were results show a direct performance degradation of data
communication due to increased vehicle speeds in term of evaluation metrics for both 802.11 and 802.11p
mac protocols, however 802.11p provides better performance than 802.11 protocols.

5. CONCLUSION

This paper present performance comparison for using 802.11 and 802.11p in VANET for high speed
vehicle mobility model. A real environment based simulation scenario has been built where different vehicle
speed have been simulated, to evaluate the performance various data delivery, evaluation metrics have been
measured including network throughput, network relay and packet delivery ratio. Results show that 802.11p
protocols provide better performance in term of evaluation metrics where 802.11p has reduced the number of
dropped packets significantly, results show that 802.11p has enhanced the number of dropped packets up to
70%. Also, the end to end delay has been decreased up to 12% less than the results of 802.11. The packet
delivery ratio has been enhanced up to 41% of the 802.11 as well.
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