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Abstract - An effort has been made to illustrate the performance of the Ricean fading channel models by using QualNet 
simulator in terms of QoS parameters. A scenario has developed here for the Ricean fading channels, with various 
parameters. The parameters such as data rate and speed of nodes play very important role in the performance analysis and 
design of the flying ad-hoc network over the multipath fading environment. The impact of fading on network throughput, 
jitter, end to end delay, packet loss ratio and packet delivery ratio is explored in this paper. Results show the performance 
evaluation of ad-hoc network without fading environment and with Rayleigh fading in different scenarios. Experimental 
results have been carried out by using simulation tool QualNet (version- 6.1). 
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I. INTRODUCTION 

 
Ad-hoc networks are decentralized type of wireless 
networks. They don't depend on a previous 
infrastructure, such as access points in infrastructure 
wireless networks or routers in wired networks. 
Owing to this decentralized nature of wireless ad-hoc 
networks, they are suitable for a variety of 
applications and may improve the scalability of 
networks as compared to wireless managed networks. 
FANETs are a special case of mobile ad hoc 
networks (MANETs)[1]. In a FANET, the topology 
of the network can change more frequently as 
compare to MANET or vehicle ad hoc network 
(VANET). One of the most important design 
challenges for the multi UAV systems is the 
communication. Unmanned Aerial Vehicle (UAV) 
systems fly autonomously without carrying any 
human help. Usage of UAVs promises new ways for 
both military and civilian applications [2]. Ad -hoc 
network can be established between UAVs to attain 
an economical solution along with increased range. 
The establishment of multi-hop, wireless, inter-UAV 
communication network is termed as a Flying Ad-hoc 
Network (FANET). It is a relatively easy task to use 
UAVs in an Unmanned Aerial System (UAS) for 
increasing communication range and data aggregation 
capability of nodes in a system. FANET nodes have 
higher mobility degrees, and it results in more 
frequent changes in the topology of FANETs. 
Moreover, the distances between the nodes in 
FANETs are longer in comparison to the nodes in 
other ad-hoc networks. In FANETs, the node became 
UAV [1]. The single UAV system cannot create an 
FANETs network; therefore, it is valid for multi-
UAVs systems. On the other hand, it cannot call any 
multi-UAVs systems FANETs; if each UAV is 
connected to a base ground or satellite, it does not 
have a FANETs network. FANETs must contain 
UAVs which communicate between each other using 
ad hoc network and at most one of them connect to 

infrastructure. Flying ad-hoc networks are 
infrastructure less networks with no central control. 
On the other hand, despite the restricted capabilities 
like power, sensing, communication, and 
computation. 
 

 
Figure 1: Flying Ad-hoc Network 

 
In wireless ad hoc networks, especially in mobile 
environments, channel conditions are time-varying. 
For a given node pair, the link quality may be too 
poor to transmit any data even at the lowest data rate 
or may be so good that a high data rate can be 
achieved. 
Many routing protocols are proposed based on which 
include the effect of fading and path loss. So it is 
important to find the effect of fading and node 
velocity for accurate estimation and analysis of 
performance of routing protocols in FANET. It is 
well known that the instantaneous received signal 
power in a wireless communication system is a 
random variable which, in a Ricean fading channel, 
follows an exponential distribution. Multipath fading 
models e.g. the Ricean and Fast  Rayleigh models 
have been frequently employed to characterize 
wireless channel. 
In this paper we consider a more realistic wireless 
channel model. In particular, we consider one of the 
most well-known wireless channel models, the 
Ricean fading channel model. The Ricean fading 
model is used to describe channels which have a 
number of multipath signal components caused by 
reflections from objects in the signal environment 
such as trees, hills and buildings. These components, 
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at that time, destructively or constructively interfere, 
to varying degrees, at different locations in the 
transmission environment. In such a signal 
environment, even if given pair of nodes are within 
possible transmission range of each other, signal 
fidelity cannot be guaranteed. The nature of the 
Ricean fading signal is determined by the signal 
environment and the positions of the communicating 
nodes. 
 
II. AN OVERVIEW OF PROPAGATION 
MODEL 
 
Radio channels are much more complicated to 
analyze than wired channels. Their characteristics 
may change rapidly and randomly. There are large 
differences between simple paths with line of sight 
(LOS) and those which have obstacles like buildings 
or elevations between the sender and the receiver 
(Non Line of Sight (NLOS). Due to multipath 
propagation of radio waves, small movements of the 
receiver can have large effects on the received signal 
strength. 
 
Ricean and Rayleigh fading models 
These two models are fading models, meaning that 
they describe the time-correlation of the received 
signal power. Fading is mostly caused by multipath 
propagation of the radio waves. If there are multiple 
indirect paths between the sender and the receiver, 
Rayleigh fading occurs. If there is one dominant (line 
of sight) path and multiple indirect signals, Ricean 
fading occurs [10]. 
 
III. SIMULATION ENVIRONMENT 
 
The simulations were carried out with QualNet 6.1 
simulator. In order to understand the effect of varying 
Fading Model on the various efficiency parameters, 
especially Packet Delivery Ratio, Throughput, End to 
End Delay, Jitter and Packet Loss Ratio of the ad-hoc 
routing protocols. The simulation model was 
developed in the scalable and portable simulator 
qualnet6.1 with the features supporting different data 
rate. For the simulation setup 50 mobile nodes are 
randomly placed in a terrain size of 1500mx1500m 
.The access point is put at the centre. The propagation 
model used is Ricean model. For the traffic 
generation, the traffic source used is CBR (constant 
bit rate) in which 512 bytes of data at data rate of 
2mbps, 5.5mbps and 11Mbps rate is sent over the 
network. 
The following metrics were employed for the purpose 
of performance analysis: 
 
Packet Delivery Ratio (PDR): It is the ratio of actual 
packet delivered to total packets sent. In other words, 
the ratios of packets received at the destination node 
to those of the packets generated by the source node. 

PDR =  
∑N

N  

Where 
NR = Number of Received Packet 
NG = Number of Generated Packet 
 
Throughput: It is the number of packets/bytes 
received by source per unit time. In other words, It is 
the amount of data per measure that’s delivered from 
one node to a special via a communication link and it 
is measured in bits per second. 

Throughput =  
∑P

∑ t −  ∑ t  

Where 
PR = Received Packet Size 
tst = Start Time 
tsp = Stop Time 
It is an important metric for analyzing network 
protocols. 
 
End to End Delay: It is the calculation of typical time 
taken by packet to cover its journey from the source 
to the destination end. It covers all of the potential 
delays like route discovery buffering process, varied 
middle queuing stays etc. throughput 
the complete trip of transmission of the packet. 

End to End Delay =  t −  t  
Where 
tpr = Received Packet Time 
tps = Sent Packet Time 
 
Jitter: It describes standard deviation of packet delay 
between all nodes. 
 
Packet Loss Ratio: The amount of packet loss during 
the transmission is packet loss. 

PLR = 1− PDR 
 
The following table shows the values of the various 
parameters used during. 
 
 
S.N0. PARAMETER VALUE 

1. Simulation 
Software QualNet 6.1 

2. Simulation Time 300sec 
3. MAC Protocol 802.11 
4. Simulation Area 1500 X 1500 
5. Propagation Model Free Space 
6. No. of Nodes 50 
7. Traffic Source CBR 
8. Packet Size 100 

9 Fading Model None, Fast Rayleigh, 
Ricean 

10. Mobility Model File 
11. Data rates 2,5.5,11(mbps) 

Table:-1 Simulation Parameter and values. 
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IV. RESULTS AND DISCUSSION 
 
In this paper three scenarios are simulated. In the first 
scenario, all 50 nodes are equipped with none fading 
model. In the second scenario, all the nodes are 
equipped with Ricean  fading. In the third scenario, 
all the 50 nodes are equipped with fast Rayleigh 
fading and 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 and PLR in wireless FANET for 
different propagation model with different data rate. 
 
a. Packet Delivery Ratio 
 

 
Figure – 2 

b. Throughput 
 

 
Figure – 3 

 
c. End to End Delay 
 

 
Figure – 4 

d. Jitter 
 

 
Figure – 5 

 
e. Packet Loss Ratio 
 

 
Figure – 6 

 
If the results for the throughput is considered, it can 
be seen that the Ricean fading model QOS better than 
the Fast Rayleigh fading model. 
The data packet size is set to 512 bytes in all 
simulations and each reported result is the average 
300 second simulations. 
This result is due to two effects introduced by the 
change of the channel coherence duration and 
increase of the average channel duration of good 
quality and the increase of that of poor quality. The 
former results are in more benefits of packet bursting. 
The latter leads to the more serious problem. 
 
CONCLUSION 
 
Here a more realistic channel model for flying ad hoc 
networks is considered, taking into account actual 
channel effects such as multipath. A Ricean fading 
model is chosen to capture the effects of the 
multipath. A comparison of the performance of a 
Flying ad hoc network operating in a Ricean fading 
channel with the more commonly used in range 
channel model has shown that the end to end delay is 
inadequate for describing the performance of the 
Ricean fading channel model for most applications of 
interest. Here the throughput , jitter, delay are 
introduced as the more appropriate performance 
metrics which provide a more intuitive indication of 
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delivery of packets in flying ad hoc networks 
operating in a Ricean fading channel environment. 
 
From the simulation results, it is conclude that as the 
speed of user is increased, the amount of fading is 
increased in the signal envelope. The simulation of 
the Ricean and fast Rayleigh fading channels in terms 
of the throughput by using QualNet simulator for 
different data rate is done. It is observed from the 
graph that the throughput in the Ricean fading 
channel is above the fast Rayleigh fading channel. 
Dynamically changed multipath and Doppler effects 
are the main causes behind the degradation of the 
channel capacity. 
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