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Abstract - In the context of FANET, use of directional antenna can largely reduce the radio interference, thereby improving 
the utilization of wireless medium and consequently the network throughput. Performance of FANET is low under the 
Omni-directional antenna systems compared to smart antenna system when Rayleigh fading model is used. Directional 
antenna cover large area and transmit large no of packets because it focus in desired direction accordance with mobility of 
nodes while Omni-directional antennas cover small area and less number of packets as compared to Smart Antenna 
System(SAS).In this paper the performance of various parameters by using Smart Antenna System(SAS) is analysed in 
FANET. The performance parameters include throughput, jitter, end to end delay, PDR and PLR in FANET with smart 
antenna system (SAS) and Omni-directional antenna system in different fading environment. Then the comparison of the 
parameters of Omni-directional antenna and directional antenna is done. 
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I. INTRODUCTION 

 
FANETs are basically ad-hoc network created by a 
group of UAVs, which is a new family of ad-hoc 
networks. The term FANETs is first introduced by 
the Micheal Muller in 2012. FANET is a sub class of 
MANETs and made up of a swarm of small flying 
vehicles enable with camera, sensor and GPS system. 
Swarms of UAVs arrange themselves to 
communicate in large operational area using wireless 
network without any centralized device. They 
communicate with each other locally, with base 
station and also interact with their environment to get 
information [1]. FANETs use different types of 
UAVs based on the various application areas. 
FANETs employ unmanned aerial vehicle (UAVs), 
UAV is an aircraft which fly without pilot. UAV can 
manage itself and fly based on pre programmed flight 
plans or can be operated using complex dynamic 
automation systems which are versatile and flexible 
in implementation [1]. Due to wide range of FANETs 
applications, research community is actively 
participating to formulate efficient infrastructure, 
routing and security mechanisms for FANETs. 
Ad hoc networks [2] are an autonomous system of 
mobile nodes which share a single wireless channel to 
communicate with each other. Previous works on ad 
hoc networks assume the use of Omni-directional 
antennas that transmit or receive signals equally well 
in all directions. 
 
On the other hand, smart antenna technology may 
have significant potentials [3]. In particular, it can 
improve spatial reuse of the wireless channel, which 
allows nodes to communicate simultaneously without 
interference. Furthermore, the directional 
transmission concentrates signal power to the 
receiver, which enlarges the transmission range. 
Thus, it can potentially establish links between nodes 

farther away from each other, and it prevents network 
partitions and the number of routing hops can be 
fewer than those of Omni-directional antennas. 
 

 
Fig -1 FANET SCENARIO 

 
II. ANTENNA AND THEIR CLASSIFICATION 
 

 
Fig.2 Types of Antenna 

 
The classification of various antennas is shown in 
Figure 2. In general, an antenna is a device that is 
used for radiating/collecting electromagnetic energy 
(radio signals) into/from space. Among various 
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antenna types, Omni directional antennas are 
commonly used in wireless networks. 
A).OMNIDIRECTIONAL ANTENNA 
One hypothetical Omni-directional antenna called 
isotropic is a point in space that radiates power in all 
directions equally. This ideal antenna is often taken 
as a reference model of practical antennas. A half-
wave dipole is a practical Omni-directional antenna, 
which has a circular radiation pattern in the azimuth 
plane or in the elevation plane. As an Omni-
directional antenna radiates radio signals in all 
directions, only a small percentage of them can reach 
the desired nodes and most of them are scattered into 
space. The scattered radio signals can cause 
interference with nodes within the coverage of the 
antenna. Besides, Omni-directional antennas have 
low efficiency in the frequency reuse as a number of 
channels are required to avoid interference. 
 
B).DIRECTIONAL ANTEENA 
A directional antenna is an antenna (directed antenna) 
or an antenna system (an array of antennas), which 
can radiate or receive radio signals more effectively 
in some directions than in others. There are two kinds 
of directional antennas: Traditional directed antennas 
include Helix, Yagi-Uda, aperture horn (e.g., 
pyramidal, conical horns), reflector (e.g., parabolic 
grid antenna), and patch antennas. The beam formed 
by the antennas is either fixed or adjusted to point to 
a certain direction by mechanical rotation  [5]. 
 
1. SMART ANTENNA 
A smart antenna is an antenna array consisting of a 
set of antenna elements (in a linear, planar, or circular 
array) with digital signal processing capability to 
transmit and receive adaptively. Compared with 
traditional directed antennas, smart antennas usually 
possess superior capabilities, such as directional 
beam forming, diversity processing, and adaptive 
spatial reusing. A smart antenna consists of not only a 
number of radiating elements but also a 
combining/dividing network and a control unit. The 
control unit that is normally implemented by using a 
digital signal processor (DSP) is the brain of a smart 
antenna. Many terms have been used to refer to smart 
antennas, which include intelligent antennas, phased 
array, spatial processing, digital beam forming, and 
adaptive antenna systems. In this paper, we denote all 
these antennas as smart antennas. Smart antennas can 
be categorized as the following types: 
 
a).SWITCHED BEAM: 
The antenna beam patterns are predetermined by 
shifting every antenna element’s signal phase. 
Weights for antenna elements, which are used to 
produce the desired beam pattern, can be locally 
saved in memory and instantaneously switched. 
 
b).STEERABLE SINGLE BEAM ANTENNA 
(DYNAMICALLY PHASED ARRAY): 

In this system, arbitrary beam patterns are formed on 
the fly. Besides, the radiation pattern can be adjusted 
toward the users where as directions toward 
interference sources are set to be null (or zero), which 
is called nulling capability. These techniques can 
maximize the signal to interference and noise ratio 
(SINR)[4]. 
 
III. RADIATION PATTERNS FOR 
DIRECTIONAL ANTENNAS 
 
The radiation pattern of an antenna is the 2D or 3D 
spatial distribution of antenna gain as a function of 
the observer’s position along a path or surface of 
constant radius. As the radiation pattern of a 
directional antenna is too complicated to be used in 
analysis, there are two simplified models for radiation 
patterns of directional antennas: 
 
A) FLAT-TOP RADIATION PATTERN: 
This model assumes that the antenna gain is constant 
within the main beam with beam width and both side 
lobes and back lobes are ignored (i.e., the gain 
outside the beam width is regarded as zero) 
G=2π/휃 
Cone + Sphere radiation pattern: 
The antenna pattern for the antenna gain consists of a 
main lobe with the beam width and a side lobe with a 
beam width. The main lobe is modelled as a cone of 
uniform gain, and the side lobes are aggregated to a 
single bulb at the base of the cone. 
 
IV. RAYLEIGH FADING MODEL 
 
The Rayleigh fading model comes about, primarily, 
due to the presence of multipath signals. By multipath 
we mean that the transmitted signal reaches the 
receiver via a number of different paths (multiple 
paths) due to reflections from obstacles in the 
signalling environment such as trees, people and 
buildings. Because these paths have different lengths, 
they have different phases upon reaching their 
destination. Therefore, destructively or constructively 
interfere causing stronger or weaker signals at 
different receiver locations. Where the signal strength 
is weak, the signal is referred to as being faded. The 
well-known Rayleigh fading model assumes no 
(dominant) direct path. Understanding this type of 
fading induced by mobility is essential to deal with 
random networks because nodes are mobile in many 
applications. 
 
V. PERFORMANCE MATRICS 

 
The overall goal of this simulation study is to analyze 
the performance of FANET’s on the basis of different 
antenna models. The simulations have been 
performed using QualNet version 6.1[6], a software 
that provides scalable simulations of Wireless 
Networks and a commercial version of GloMoSim. It 
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is a comprehensive suite of tools for modeling large 
wired and wireless networks. It uses simulation and 
emulation to predict the behavior and performance of 
networks to improve their design, operation and 
management. To evaluate the performance FANET, 
both qualitative and quantitative metrics are needed. 
Most of the antenna ensures the qualitative metrics. 
 
a) Delay: Delay or latency could be defined as the 
time taken by the packets to reach from source to 
destination. The main sources of delay can be 
categorized into: propagation delay, source 
processing delay, network delay and destination 
processing delay. Here we have calculated end to end 
delay which is a measure of elapsed time taken 
during modulation of the signal and the time taken by 
the packets to reach from source to destination. Here 
the packet losses some energy as well in the form of 
noise which is also taken into consideration. End to 
end delay could be measured as the difference of 
Packet arrival and packet start time [9]. Equation 1 
shows the calculation of average end to end delay. 
 
Delay = ∑Packet Arrival − Packet Start            (1) 
 
b) Packet Delay variance (Jitter): Jitter could be 
termed as the variation in delay or packet delay 
variation. The value of jitter is calculated from the 
end to end delay. Measuring jitter is critical element 
to determining the performance of network and the 
QoS the network offers. It is the variation in the time 
between packets arriving. Jitter is commonly used as 
an indicator of consistency and stability of a network. 
Equation 2 shows how to calculate jitter. 
 
Jitter=

∑
                   (2) 

 
c). Packet Delivery Ratio (PDR): Packet delivery 
ratio signifies the total number of packets 
successfully delivered to the destination. Equation 3 
shows how to calculate PDR (Packet Delivery Ratio). 

 
PDR=∑  

∑  
× 100                   (3) 

 
d). Packet Loss Ratio (PLR): Packet loss affects the 
perceived quality of the application. Several causes of 
packet loss or corruption would be bit errors in an 
erroneous wireless network or insufficient buffers due 
to network congestion when the channel becomes 
overloaded [7]. Some of the packets are lost due to 
network congestion or due to noise. Packet loss ratio 
should be minimum, so as to keep the successful 
delivery of high QoS. According to ITU 
(International Telecommunication Union) standards, 
the value of packet loss should be kept at minimum 
level. 

 
PLR= ∑  

∑  
× 100                          (4) 

e) Throughput (Th): Throughput is measure of 
number of packets successfully delivered in a 
network. It is measured in terms of packets/second. 
The value of throughput should be high or else it 
affects every service class defined in Wimax. 
Equation 5 shows how to calculate throughput. 

 
Th = ∑  퐢

∑    퐢
       (5) 

 
VI. SIMULATION STEPS 
 
The simulation model was developed in the scalable 
and portable simulator qualnet6.1 with the features 
supporting various directional antennas. For the 
simulation setup we took 50 nodes randomly placed 
in a terrain size of 1500m X 1500m (fig.3). The 
battery model and propagation model used is linear 
model and Rayleigh model respectively. For the 
traffic generation, the traffic source used is CBR 
(constant bit rate) in which 512bytes of data at 2Mbps 
rate is sent over the network. The design scenario of 
50 nodes randomly placed in the defined terrain is 
shown below in figure 3. 
 

Parameters Values 
Simulator Qualnet6.1 

Terrain Size 1500mx1500m 
No. of nodes 50 

Network protocol IPV4 
Data size 512 Bytes 
Data rates 2mbps 

Propagation model Rayliegh 
Channel frequency 2.4Ghz 

Traffic source CBR 
Simulaton time 300 sec 
Routig protocol AODV 

TABLE I- LIST OF SIMULATION PARAMETERS 
 

PARAMETER VALVE 

Antenna Model Omni-
directional Steerable Switched 

Beam 

Antenna Gain 1.0dB 15.268dB 15.268dB 

Azimuthal Angle 0 Degree 60 Degree 60 Degree 

Antenna Height 1.5 m 

Antenna 
Efficiency 0.8 

Antenna Mis- 
Match Loss 0.3dB 

Antenna 
Connection Loss 0.2dB 

Antenna Cable 
Loss 0.01 

Noise Factor 10 
TABLE II-ANTENNA PARAMETERS 
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Fig3:-The image of the network as it appears in QualNet 6.1. 

 

 
Fig4:-Working Procedure for Simulation of FANET’s 

 
VII. SIMULATION RESULT & DISCUSSION 

 
In this paper three scenarios are simulated. In the first 
scenario, all 50 nodes are equipped with Omni 
directional antennas and reactive routing protocols 
(AODV) is used. In the second scenario, all the nodes 
are equipped with steerable antennas. In the third 
scenario, all the 50 nodes are equipped with switched 
beam antennas and the AODV routing protocol is 
used. 
The main purpose of the above simulation is to 
compare various QoS parameters like average 
Throughput, average end to end delay, average jitter, 
packet delivery ratio in FANET for Omni directional 
antennas and both the above mentioned directional 
antennas. The overall simulation results are shown  
below. 
 

 
Fig5: PDR Vs Different Antenna Model 

In the fig.5 the packet delivery ratio parameter is 
compared using Omni directional, Pattern, steerable 
and switched beam antennas. We noticed that for 
steerable and switched beam antennas the packet 
delivery ratio is approx. 100% whereas the Omni 
directional antenna produced 93.67%. It means there 
is a less chance of packet drop or lost in directional 
antennas and pattern antenna as compared to Omni 
directional . 

 

 
Fig6: Throughput Vs Different Antenna Model 

 
Fig.6 shows the comparison o the average value of 
throughput for FANET using the said Omni 
directional, pattern and directional antennas. From the 
result we find that the highest average value of 
throughput is achieved in case of switched beam and 
steerable directional antennas, pattern whereas in case 
of Omni directional antennas the value of throughput 
is comparatively very less. 

 

 
Fig7: End To End Delay Vs Different Antenna Model 

 
In fig.7 we can see the comparison of the value of 
average end to end delay among Omni directional, 
steerable and switched Beam antennas. From the 
results, we find that the smallest value of average end 
to end delay is achieved only in case of directional 
antennas (steerable) as compared with the Omni 
directional antennas. 
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Fig8: Jitter Vs Different Antenna Model 

 
Fig 8. contains the comparison of the values of 
average jitter between Omni directional, Pattern and 
two directional antennas. The lowest value of average 
jitter was achieved in case of directional 
antennas(steerable), Pattern as compared with the 
omni directional antenna. 

 

 
Fig9: PLR Vs Different Antenna Model 

 
In the fig.9 the packet loss ratio parameter is 
compared using Omni directional, Pattern, steerable 
and switched beam antennas. We noticed that for 
steerable and switched beam antennas the packet loss 
ratio is approx. 0% whereas the Omni directional 
antenna produced 70%. It means there is a more 
chance of packet drop or lost in Omni directional 
antennas and pattern antenna as compared to 
directional antenna. 
According to the above simulation results, 
comparisons of the various parameters were carried 
out between Omni directional antennas, Pattern and 
directional antennas like steerable and switched beam 
antennas. The comparison is done by the help of bar 
graphs 
 
CONCLUSION 

 
Here the four simulations were carried out using 
Omni directional, Pattern, Steerable and Switched 

beam antennas to compare the various parameters 
deciding the quality of the network. The QoS 
parameters like Average Throughput , Average End 
to End delay , Average Jitter, and Packet Delivery 
ratio were chosen to check the performance and 
efficiency of the network in different scenarios . In 
the first simulation scenario Omni directional antenna 
was used for all nodes in the network whereas , for 
the second and third simulation scenario steerable and 
switched beam directional antennas and in four 
simulation Pattern antenna were used for all the nodes 
in the network respectively. 
 
From the above results, we can see that in case of 
Average throughput, both the directional antenna 
produce high throughput than the Omni directional 
antenna. And in case of Average End to End delay 
and Average jitter, the delay and Jitter is high in case 
of omni directional antenna as compared with 
steerable antenna and switched beam antennas. 
Directional antennas like steerable and switched 
beam are more 
efficient in sending packets correctly at the 
destination because from the above results the Packet 
Delivery Ratio is approx 100% in case of directional 
antennas whereas only 93% in case of omni 
directional antenna and in case of pattern antenna it is 
96%. 
 
So from the above results, we can conclude that by 
using directional antennas the Quality of Service 
(QoS) parameters can be improved and enhanced but 
there is always some limitation and challenges in the 
MAC layer and Physical layer which affect the 
performance of the directional antenna 
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