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Abstract— Flying Ad hoc Network (FANET) 

communication is one of the popular areas of research area 

in these days. The Flying Ad-hoc Networks (FANET) is an 

infrastructure less network consisting of mobile nodes. 

FANET is a self configuring network and the topology of 

the network keeps on changing as the nodes move randomly 

and organize themselves in an arbitrarily manner.  

Moreover, due to the low altitude of UAVs, short-range 

wireless links lead to substantial performance improvement 

over the high-altitude wireless links. In addition, 

performance can further be improved with jointly designed 

adaptive communications with a UAV mobility model. For 

example, when a UAV experiences good communication 

channel with the ground station, the speed to sustain 

wireless connectivity is reduced. Routing is the one of the 

important factor to recognize the network performance. In 

this paper the focus is on only survey of FANET 

communication possibility through multiple as well as single 

antenna. Routing mechanism will adaptively select routes 

using minimum cost routing and reputation routing schemes 

based on network condition to keep the network lifetime and 

maintain the ratio of successfully delivered packets. The 

survey is presents the survey of routing protocol to 

identified which kind of work is done in this field to 

improve and the performance of routing protocol. 

Keywords: FANET, Antenna, Routing, UAV, Nodes, 

mobility 

I. INTRODUCTION 

Wireless networks are classified in two type’s infrastructure 

network and infrastructure less (ad-hoc) networks. 

Infrastructure network consists of a network with fixed and 

backbone network. Flying ad hoc networks (FANETs) [1,2] 

have emerged, which are networks composed only of aerial 

devices that can communicate between Unmanned Aerial 

Vehicles (UAV) to UAV and other ground-based UAV-to-

ground devices. According to [3] UAVs can be divided into 

UAVs of high-altitude and long-range and medium-range, 

small drones and mini drones, the first two being military. In 

this chapter only the small drones and mini drones will be 

addressed. Flying ad-hoc network is an autonomous system 

of mobile nodes connected by mobile node operates as an 

end system and a router for all other nodes in the network. 

The differences between Mobile Ad-hoc Network 

(MANET), Vehicular Ad-hoc Network (VANET) and 

FANET are outlined, and the most important FANET design 

challenges are introduced. In addition to the existing 

solutions, the open research issues are also discussed.  The 

FANETs can operate either independently and by 

transmitting the flow received from land-based devices to a 

remote server or can also support other types of networks, 

for example, via satellite or cellular, if they are overloaded 

or unavailable as shown in Figure 1. 

 
Fig. 1: Example of FANET 

The typical speed of a UAV in 3D space varies 

from 30-460 km/h, resulting connectivity loss problem in 

FANETs. Additionally, the agile flight states of a UAV also 

impose grave performance erosion in relation of throughput 

and delay. Some of these problems can be eliminated with 

the deployment of appropriate antenna type and suitable 

communication protocols at the MAC layer. Two types of 

antennas can be set up for FANETs applications: directional 

and omni-directional. In FANETs architecture, as the UAVs 

change their location more often and omni-directional 

antennas have the potential to receive and transmit signals in 

all direction without knowing the exact location’s 

information.  

Along with the progress of embedded systems and 

the miniaturization tendency of micro electromechanical 

systems, it has been possible to produce small or mini UAVs 

at a low cost. However, the capability of a single small UAV 

is limited. Coordination and collaboration of multiple UAVs 

can create a system that is beyond the capability of only one 

UAV. The advantages of the multi-UAV systems can be 

summarized as follows:  

1) Cost:  

The acquisition and maintenance cost of small UAVs is 

much lower than the cost of a large UAV [4].  

Scalability: The usage of large UAV enables only limited 

amount of coverage increases [5]. However, multi UAV 

systems can extend the scalability of the operation easily.  

2) Survivability:  

If the UAV fails in a mission which is operated by one 

UAV, the mission cannot proceed. However, if a UAV goes 

off in a multi-UAV system, the operation can survive with 

the other UAVs.  

3) Speed-up:  

It is shown that the missions can be completed faster with a 

higher number of UAVs [6]. Small radar cross-section: 

Instead of one large radar cross-section, multi-UAV systems 

produce very small radar cross-sections, which is crucial for 

military applications [7].  

Although there are several advantages of multi-

UAV systems, when compared to single-UAV systems, it 

https://www.intechopen.com/books/mobile-computing/wireless-communications-challenges-to-flying-ad-hoc-networks-fanet-#F1
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has also unique challenges, such as communication. In a 

single-UAV system, a ground base or a satellite is used for 

communication. It is also possible to establish a 

communication link between the UAV and an airborne 

control system. In all cases, single-UAV communication is 

established between the UAV and the infrastructure. While 

the number of UAVs increases in unmanned aerial systems, 

designing efficient network architectures emerges as a vital 

issue to solve.  

As in a single UAV system, UAVs can also be 

linked to a ground base or to a satellite in a multi-UAV 

system. There may be variants of this star topology based 

solution [8]. While some UAVs communicate with a ground 

base, the others can communicate with satellite/s. In this 

approach, UAV-to-UAV communication is also realized 

through the infrastructure. There are several design 

problems with this infrastructure based approach. First of 

all, each UAV must be equipped with an expensive and 

complicated hardware to communicate with a ground base 

or a satellite. Another handicap about this network structure 

is the reliability of the communication. Because of the 

dynamic environmental conditions, node movements and 

terrain structures, UAVs may not maintain its 

communication link. Another problem is the range 

restriction between the UAVs and the ground base. If a 

UAV is outside the coverage of the ground base, it becomes 

disconnected. An alternative communication solution for 

multi-UAV systems is to establish an ad hoc network 

between UAVs, which is called FANET. While only a 

subset of UAVs can communicate with the ground base or 

satellite, all UAVs constitute an ad hoc network. In this way, 

the UAVs can communicate with each other and the ground 

base. 

In this paper we categorize and describe real 

possible 

FANET application scenarios in Section 2 and 

mentioned its weaknesses in Section 3. Then associate the 

working of routing protocols in Section 4. The previous 

work description is mentioned in Section 5 and finally, 

conclusions and future work are drawn in Section 6. 

II. APPLICATIONS OF FANET 

Due to its physical and architectural characteristics, there are 

several applications for FANETs [1,9,10]. Some of them are 

mentioned in different scenarios. 

A. Disaster monitoring 

In some cases of disasters, a human being may encounter 

obstacles that prevent the analysis of the entire affected area. 

In this situation, it is possible to use FANETs to evaluate the 

scenario completely. 

B. Monitoring of agricultural areas 

There are several possibilities for the use of FANETs in 

agriculture such as complete crop evaluation, plant health 

analysis, and mapping of possible areas for planting 

expansion. 

C. Search and rescue operations 

In rescue situations where conventional mobile networks are 

damaged, the FANETs can be used to search for hostages in 

the affected area. And, because of the size of the UAVs, it is 

possible to access places in which a human would have 

difficulty. 

D.  Sensor networks 

Sensor networks are mainly used for data collection and can 

be used together with FANETs in various situations. Due to 

the ease of the UAVs to access any location without great 

difficulties, there will be an improvement in the 

performance of the networks when evaluating the scenarios 

in which they are applied. 

E.  Construction 

With the use of FANETs, it is possible to analyze 

constructions, verify their progress and their quality, and 

also evaluate in advance the conditions of the environment 

to be used for the work in order to prevent possible 

calamities. 

F.  Product delivery 

In order to reduce their costs and improve the quality of 

their services, some companies already idealize the use of 

UAVs for product delivery. The service will be done 

autonomously through the implementation of an intelligent 

system in the UAVs. 

G. 2.7 Military service 

The FANETs are widely used by military personnel 

primarily for communication between soldiers or between 

their barracks. It also can be used in civil operations to 

maintain the security of society. 

III. CHALLENGES IN FANET 

Despite several advances in recent years, FANET networks 

still have restrictions that may be critical to their operation 

depending on the application. The main one is energy 

consumption [11, 12, 13] because it limits the flight time of 

the drones, the speed of connection, and the range of the 

signal transmitted by them, so the challenges that need to be 

overcome to make FANET a reality involve primarily the 

search for solutions to these limitations, and in addition 

other factors can affect the performance of the network as 

the mobility and storage capacity of the drones. Possible 

solutions to these challenges will be discussed below. 

A. Directional Antennas  

Most router antennas are omnidirectional, that is to say that 

the signal transmitted by them is sent equally in all 

directions, but when using these same antennas in drones, 

the results may not be very efficient as regards the quality of 

the antenna and energy consumption. Therefore, new 

antennas have been developed with beamforming 

technology [14, 15]; this change allows the transmitted 

signal to be directed to a specific area close to the 

Unmanned Aerial Vehicles (UAV). In this way the signal 

quality at the specific location is significantly better, and the 

energy consumption of the UAV is also reduced. However, 

it is still relatively a new technology and still needs to be 

better evaluated and implemented. 

https://www.intechopen.com/books/mobile-computing/wireless-communications-challenges-to-flying-ad-hoc-networks-fanet-#B15
https://www.intechopen.com/books/mobile-computing/wireless-communications-challenges-to-flying-ad-hoc-networks-fanet-#B16
https://www.intechopen.com/books/mobile-computing/wireless-communications-challenges-to-flying-ad-hoc-networks-fanet-#B18
https://www.intechopen.com/books/mobile-computing/wireless-communications-challenges-to-flying-ad-hoc-networks-fanet-#B19
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B. Mobility 

One of the biggest differentials of UAVs is the high 

mobility and speed variation they have, which allows them 

to access hard-to-reach places and travel long distances in a 

short time, depending on the UAV model. Thus, regardless 

of the mode of operation of the drones being both fully 

autonomous and controlled by a base station, it is necessary 

that critical information for the mobility of one or more 

drones is transmitted to the other drones in the network or to 

the base station as prevention alerts collision, GPS, flight 

time, environmental and climatic conditions, as well as the 

transmission of drone drive commands if they are controlled 

by a base station. 

C. Routing protocols:  

Routing protocols are the brain of FANETs and control all 

flow both between UAVs and other devices connected to 

them, and although there are already several routing 

protocols available, these protocols sometimes cannot cope 

with mobility and the speed of the UAVs which causes a 

high rate of errors in the connection and until the drop of the 

network in certain cases. In this way, new protocols were 

developed with the focus on mobile ad hoc networks, with 

FANETs being one of them, and just like beamforming, 

these protocols are still being tested but at a later stage.  

IV. ROUTING IN FANET 

The Routing in a ad hoc network depends on many factors 

including topology maintenance, selection of intermediate 

nodes, beginning of request and reply mechanism and 

specific underlying characteristic that could serve as a 

heuristic in finding the path quickly and efficiently. The low 

resource availability in these networks demands efficient 

utilization and hence the motivation for optimal routing in 

ad hoc networks. Also, because of the highly dynamic 

nature of these networks imposes severe restrictions on 

routing protocols specifically designed for some conditions, 

thus motivating the study of protocols which aim at 

achieving routing stability and maintain strong connection. 

A. Classification of routing protocols in FANET:- 

The routing classifications in FANET are depend on routing 

strategy and network structure. According to the routing 

strategy the routing protocols can be describe as Table-

driven and On demand, while depending on the network 

structure these are classified as flat routing, hierarchical 

routing and geographic position based routing [16, 17, 18, 

19]. Basically the routing protocols can be classified into 

mainly two parts: 

1) Proactive (Table-Driven) Routing Protocols  

The proactive routing protocols are similar to and come as a 

natural extension of those for the wired networks. In 

proactive routing, each node has maintained a tables that 

contain the latest information of the routes or other nodes to 

any node in the network. Each row has the next hop for 

reaching a node/subnet and the cost of this route. Various 

table-driven protocols differ in the way the information 

about a change in topology is propagated through all nodes 

in the network. There exist some differences between the 

protocols that come under this category depending on the 

routing information being updated in each routing table. 

Furthermore, these routing protocols maintain different 

number of tables. The proactive protocols are not suitable 

for larger networks, as they need to maintain node entries 

for each and every node in the routing table of every node. 

This causes more overhead in the routing table leading to 

consumption of more bandwidth. Examples of such schemes 

are the conventional routing schemes like DSDV. 

a) Destination-Sequenced Distance Vector 

Destination-Sequenced Distance Vector (DSDV) [2] is a 

traditional table-driven protocol for FANET. To solve the 

routing loop problem, it was invented by C. Perkins and P. 

Bhagwat in 1994. Routes are established based on constant 

control traffic and they are available all the time. Each node 

maintains one or more tables that contain route information 

to other nodes in the network. Nodes continuously update 

the tables to provide fresh view of whole network. Updates 

are so frequent that the advertisement must be made 

regularly enough to make sure that every node can almost 

always find every other node in the network. The data that is 

broadcast by the mobile node contains its new sequence 

number, destination address, number of hops needed to 

reach destination and sequence number of the information 

received for the destination.  

The fundamental issue with DSDV is creation and 

maintenance of the tables. These tables need to be 

frequently updated by transmission of packets, even in 

traffic condition. Moreover, until updates about changes in 

topology are not sent across the network, DSDV does not 

function. In a large network with high density, mobile nodes 

often create broken links. Maintenance and updating of 

tables as well as advertising the updations would be 

significantly complex in this kind of network. DSDV is 

effective for ad-hoc network with small number of mobile 

hosts with limited changes in network topology. Improved 

forms of DSDV have been suggested, but commercial 

implementation of the traditional DSDV has not been done.   

2) Reactive (On-Demand) Protocols 

The reactive routing protocol is also known as on-demand 

routing protocol. since they don’t maintain routing 

information or routing activity at the network nodes if there 

is no communication. These protocols take every time 

established routing approach for routing. They do not 

maintain or constantly update their route tables with the 

latest route topology. If a node wants to send a packet to 

another node then this protocol searches for the route in an 

on-demand manner and establishes the connection in order 

to transmit and receive the packet. The route discovery 

usually occurs by flooding the route request packets 

throughout the network. Examples of reactive routing 

protocols are the ad hoc on-demand distance vector routing 

(AODV). 

a) Ad-Hoc On Demand Distance Vector   

Ad-hoc On Demand Distance Vector (AODV) is a reactive 

protocol that reacts on demand. It is probably the most well-

known protocol in FANET. It is a modification of DSDV. 

The demand on available bandwidth is significantly less 

than other proactive protocols as AODV doesn’t require 

global periodic advertisements. It enables multi-hop, self-

starting and dynamic routing in FANETs. In networks with 

large number of mobile nodes AODV is very efficient as it 
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relies on dynamically establishing route table entries at 

intermediate nodes. AODV never produces loops as there 

cannot be any loop in the routing table of any node because 

of the concept of sequence number counter borrowed from 

DSDV. Sequence numbers serve as time stamps and allow 

nodes to compare how fresh information they have for other 

nodes in the network. The main advantage of AODV is its 

least congested route instead of the shortest path.  

3) FANET Routing Protocol Expectations 

FANET routing protocols are creating routes in a 

dynamically changing network with low bandwidth, low 

power and resource constrained nodes. Murthy and Manoj 

discuss in detail the designing goals of FANET routing 

protocols [20]. These protocols are designed with the 

following primary expectations: 

1) Provide stable loop free connectivity, 

2) Reduced control overhead, 

3)  Quickly respond to dynamic changes in node mobility. 

4) Have scalability and distributed routing, 

5) Support QoS traffic prioritization, and 

6) Providing secure routing. 

Traditional link state protocols generate periodic 

broadcasts of link state messages.  

V. RELATED WORK 

This section represents the previous work that has been done 

in this field. Many of the researches are do work in this field 

are described in this section.  

In this research [21] the work is in twofold: i) A 

novel hybrid omnidirectional and directional antenna 

structure is introduced for gradient-elastic control-data 

separation to overcome directional deafness problem and 

break through limitations of dual directional antennas. we 

propose a dual-antenna collaborative communication 

strategy. In physical layer, dual-antenna structure is adopted 

to address directional deafness problem by separating 

control and data plane, so that one control channel is 

specialized for exchanging control massages even if other 

channels are busy. 

In this research [22], the UAVs in FANETs have 

been deployed with omnidirectional antennas, which leads 

to restrict the overall performance of the network. 

Alternately, directional antennas have the potential to 

enhance the transmission range, spatial reuse, and capacity 

of the network effectively. The MAC layer protocols have a 

thorough impact on how successfully data can be transferred 

between the UAVs. The MAC layer protocols are also liable 

for coordinating among the UAVs for the access of the 

active UAVs to the network resources. Therefore, a suitable 

MAC protocol is required to make optimum use of 

directional antennas. The current MAC protocol such as 

802.11 standard suites is modified only for omnidirectional 

antennas. Due to the high mobility and frequent topology 

changes of the UAVs, location estimation and sharing this 

information with the other UAVs are the key concerns about 

directed based MAC protocol. The key impact of this 

research article is to suggest a new MAC protocol to adapt 

the FANETs architecture while using directional antennas. 

In this research [23] proposed  a unique shaped MPA array 

has been proposed for communication among U A V s in F 

ANET environment. The proposed antenna array operates 

between 5.1-5.6GHz band which gives bandwidth of more 

than 500MHz. The antenna has been designed using Agilent 

Advanced Design System (ADS) Momentum simulator 

which is based upon full-wave Method of Moment (MoM) 

numerical technique. The arrays have been designed to 

enhance the gain and directivity of the single antenna 

element. 

In this research [24] proposed the Modified LAR 

with optimal shapes of request zones according to varying 

node densities. Furthermore, we use directional antennas to 

enhance the protocol’s performance after the optimal path 

between source and destination is chosen. One of the major 

problem with the existing LAR is, shape of its request zone 

is not producing optimized results in varying node densities. 

If we define smaller request zones, it leads to reduction in 

overhead but affects successful packet delivery and delay. 

Also, there is a possibility of holes inside the request 

(forwarding) region. If we define larger request zones it 

enhances the probability for successful route finding but it 

can increase the routing overhead. Extending the size of the 

request zone to the entire network after the failure of route 

discovery in first attempt will lead to high control overhead, 

wastage of bandwidth. 

In [25], Semi-Random Circular Movement 

(SRCM) mobility model is presented, and the approximate 

node distribution function is derived within a two 

dimensional disk region. In autonomous multi-UAV 

systems, the flight plan is not predetermined. Even if a 

multi-UAV system uses predefined flight plans, because of 

the environmental changes or mission updates, the flight 

plan may be recalculated. In addition to the flight plan 

changes, the fast and sharp UAV movements and different 

UAV formations directly affect the mobility model of multi-

UAV systems. In order to address this issue, FANET 

mobility models are proposed. 

In [26], two new mobility models are proposed for 

multi-UAV systems. In random UAV movement model, 

UAVs move independently. Each UAV decides on its 

movement direction, according to a predefined Markov 

process. In the second model, the UAVs maintain a 

pheromone map, and the pheromones guide their 

movements. Each UAV marks the areas that it scans on the 

map, and shares the pheromone map with broadcasting. In 

order to maximize the coverage, UAVs prefer the movement 

through the areas with low pheromone smell. It was shown 

that the use of a typical MANET mobility model may result 

in undesirable path plans for cooperative UAV applications. 

VI. CONCLUSION & FUTURE WORK 

Flying Ad hoc Networks (MANETs) have been recently 

used in the area where fixed network infrastructures are not 

available or wireless ad hoc connection might be required. 

Recently, the need for various types of on-demand wireless 

communication technologies is increasing for the rapid, 

efficient, and low-cost deployment of FANET. The 

technology of choice should be able to support air-to-air and 

air-to-ground connections in an unhampered manner. The 

network is formed by a group of nodes coming together. We 

present a comprehensive review of communication 
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architectures and wireless technologies. It has been 

concluded that multi-layer UAV ad-hoc network is the most 

suitable architecture for networking a group of 

heterogeneous UAVs, while 802.15.1 is the strongest 

candidate in short-range wireless technologies. There is 

several research works previously trying to take the issues 

into consideration that has consider in this paper. This paper 

has presents the survey of routing with recent work done in 

field of multiple antennas to recognizes the behavior and 

performance of routing protocol on the basis of performance 

and also studies the performance of protocol that has 

measure by researchers. This survey gives the idea about 

what kind of work is remaining and it is possible to enhance 

the existing work. 

In future our simulation work will illustrate the 

performance of energy consumption. Limited on-board 

energy is one of the major limitations that hinder the 

potency of a UAV system. However, consideration of two 

important factors, i.e. energy-efficient deployment and 

energy-efficient operations, can pave ways for resolution. 

Energy-efficient deployment means interruption-less 

utilization of power reserves. Energy-efficient operations 

stipulate measures aimed at achieving the objectives with 

minimal on-board power. One way to achieve energy-aware 

deployment is to harness inter-UAV cooperation such that, 

at any given time, only one UAV can abandon its mission to 

top up its power reserves [32]. 
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