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Abstract: A framework of a network explains the application of 

the system. In cooperative framework design, model and 
architecture is the issued context of dynamic topology. The 
topology of the network continuously changes when the nodes are 
moving. There are different topologies and routing protocols that 
are running frontally and at backsides considered in the paper. 
We have done deep analysis on various protocols and network 
architecture of UAVs (unmanned aerial vehicle). Some different 
characteristics have been taken to explain the unmanned aerial 
vehicle as example. There are multiple factors and different 
scenarios that acknowledge the operability of cooperative 
network. In addition, the paper has been designed in such a way 
that it defines different aspects of cooperative networks. 
Collaboration and cooperation are the networking tasks for the 
multiple groups of nodes that combine and provide a reliable 
connectivity between the nodes. Flying ad hoc network (FANET) 
is the same name of unmanned aerial vehicle that are flying with 
the dynamic environment and can identify the ground node to 
send information. This is important task for the aerial nodes that 
are continuously flying in the air and send data collected from 
particular area. So, every task is important for accomplished task 
such as coordination and cooperation of all the nodes. This paper 
overall has focused on deep analysis of the taxonomy for 
unmanned aerial vehicle in the real environment. 

Keywords: Environment, unmanned aerial vehicle, 
cooperation network, flying ad hoc network 

I. INTRODUCTION 

Cooperative interaction and association are the evolving 

fields in ad hoc networking nowadays. The execution of ad 
hoc has broadened the scope in the area of networks [1–3]. 
Temporary network comprised of nub which can perform 
routing and data calculations before sending it to other 
connected nub, this process is known as relaying. This 
network comprises of various transmitters, receivers and 
transferring nub. The cooperation is most important task in an 
unmanned aerial vehicle. Unmanned aerial vehicles (UAVs) 
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are defined as aerial vehicles that can fly independently and 
form networks in the sky used for data transfer to the ground  
stations. Single UAV system is also developed that can be 
seen in the form of drones. These systems don’t have ad hoc 

formation and have to be dependent upon satellite 
communication [5]. However, these UAVs have a restriction 
for surveillance and security, also in case of failure there is a 
complete disability in-network with no chance of recovery. 
These problems are resolved with ad hoc formation in UAVs, 
termed as flying ad hoc network (FANETs). 
In ad hoc network every UAV can reply independently; also 
UAVs can form systems that are UAV swarms to extend the 
network monitoring [4–7]. In most recent studies by 
Bekmezci et al. [2], Unmanned aerial vehicle system has been 
freely contemplated as flying ad hoc system. 
Aerial impromptu creation [8-9] is likewise executed as of 
now; however, the significant distinction is the self-governing 
vehicles and the necessity to share algorithms and information 
to evade the chances of any collisions among vehicles. This 
literature analysis of survey considered for aggregate 
important points related to UAVs includes 38 papers. 

II. MOTIVATION 

The important property in the UAVs is to perform correct 
coordination and cooperation between the various airborne 
nodes. The existing study or survey cannot provide an insight 
into these models for their networking features and their 
cooperative framework. 
Thus, there exists a need for an independent study of these 
models to provide a detailed insight with their features and 
highlights, and to enable the pollsters to recognize the 
hypothetical related issues of networking with the aerial 
vehicles and also provide a careful investigation of existing 
methodologies to identify the solutions. In this paper, we have 
focused on the multi-UAV models and the formation of 
multi-UAV cooperative systems.  

III. BACKGROUND 

Unmanned aerial vehicles (UAVs) are independent 
components that are capable of utilization of controlled 
conditions to provide structure in air. These types of systems 
are named as aerial ad hoc networks depicted in Fig. 1(a), 
1(b).  
Such a system arrangement diminishes any necessity of 
satellite correspondence, consequently lessening the expense 
of system development [12]. UAVs are categorized in two 
ways:  
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(1) Infrastructure based ad hoc networks: It uses devices 
operated from the ground station. Such systems are a 
mixture of MANETs and VANETs [1]. These networks 
combining systems could deliver prolonged 
susceptibility and more error-free reducing paths. 

(2) Cooperative based networks: It is multi-UAVs based 
systems forming homogenous and heterogeneous 
structures as shown in Fig. 1(b). Such system involves a 
UAV forming an ad hoc network, operated from ground 
station acting as input / output unit for shared information 
and an interface controlling the data flow among the 
multiple nodes. 
 
 
 
 
 

 
 

 
Fig. 1. (a) Arrangement of ad hoc network       
 
 
 
 
 
 
 
 
 

         Fig. 1. (b) Arrangement of cooperative network 
 

This flow of information in this network is known as routing 
cooperative framework. Such network framework enables the 
complex tasks in networking [11]. Routing is used to provide 
better information tracking and data attainment among the 
nodes [10].  

IV. CHARACTERISTICS 

Unmanned aerial vehicles have a wide range of characteristics 
present in current scenario. There are some main 
characteristics that are depicted in Fig. 2, and can be 
described as following: 

 
 
 
 
 
 
 
 
 

Fig. 2. Representation of characteristics 
 

4.1 Coordinate formations 
UAVs have the ability to perform independent operations and 
collaborative network formations. The availabilities of 
different known bands in the networking for wireless 
communication; UAVs can use these bands for the coordinate 
from the distance with the ground stations as well as handle 
satellite based communication simultaneously. 
4.2 Controlled mobility 
The transmission of data can be controlled effectively and can 
function well during the controlled environment. With such 
controlled networks, these air vehicles find their place in wide 
areas of civilian and military activities.  
4.3 Simplicity of upgrading and deploying 
Independent of the platform formation, these networks are 
easy to be upgraded and maintained. Nodes can be easily 
configured at any time during the operation and are also easy 
to be deployed. 
4.4 Improved Connectivity 
As compared to Mobile Ad Hoc Networks (MANETs) and 
Vehicular Ad Hoc Networks (VANETs), these are less few 
vulnerable to network loss as bandwidth pertinent to such 
network provides fewer obstacles. 
4.5 High transfer rate  
There is a high bandwidth which provides lesser delays and 
improved connection between the nubs. After the network is 
established it will provide a higher transfer rate. 
4.6 Compelling security  
Higher bandwidth provides the easy spread of the spectrum 
without reallocation of channels which makes it easy to 
maintain the corridor privacy in such networks and provide 
efficient security application. 
4.7 Sustainability 
These networks are able to survive the unfavorable condition 
because of certain improvement in deployment algorithms. In 
a solitary network multiple UAVs can be utilized for various 
functions without the rearrangement of the entire system. The 
above mentioned attributes shows, these systems give scope 
of utility and various functions in diverse situations.  

V. APPLICATIONS 

Ad hoc network delivers an extensive range of functions and 
applications. Some of these applications are mentioned 
below:  

a) Military expeditions  
b) Mutual formation of network 
c) Natural calamities 
d) Sudden crisis encounter  
e) Continuous patient monitoring 
f) Detection of security suspension 

The top most companies that are manufacturing Unmanned 
Aerial Vehicles depicted in Fig. 3. These companies have 
manufactured the aerial vehicle for the specific tenacities used 
for a capacity improvement of prevailing networks for 
delivery services; for example, Amazon [13] has used 
delivery and scheduling services to provide supply at 
doorsteps with the help of drones. 
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Fig. 3. Manufacturing Companies of 

UAVs 

VI. CHALLENGES OF AERIAL VEHICLE ARRANGEMENT 

 
 
 
 
 
 
 
 
 
 
 
 

        Fig. 4. Challenges in Aerial Vehicle 
 

(a) Topology 
All connected nodes are organized in such a way that 
increases the performance of the networks in an efficient 
manner. Revival and rearrangement at certain points are 
some important aspects of topology in cases of network 
failures [14-15]. 

 
(b) Transmission Channel 

As aerial networks mostly provide a line of sight so, it is 
difficult to choose a suitable band for transmission in 
networks having multiple nodes. Likewise, to provide 
higher transfer rates this selection has to be carried out 
efficiently.  

 
(c) Link-Layer Issues 
    These networks involve high level computing which cannot 

be managed properly with the existing Media Access 
Control (MAC) protocols. Therefore, new MAC protocols 
are needed for wide-ranging channel choice with improved 
security [17]. 

 
(d) Routing 

For UAV networks, an effective and more strong routing 
protocols are needed which can deliver higher transmission 
rates and minimum delays during operations, effective 
route, quick retrieval to the client [16–19]. 

 
(e) Strength Managing and Supremacy  

Every UAV contains low backup energy. Thus, well 
organized designs and outlines are needed to ensure less 
utilization of involved energy units. 

 
(f) Channel Security 

Flooding, masquerade attacks; black holes, node 
impersonation, and malicious code are some security 
threats possible in networks which require effective 
approaches to manage any such issues or misuse in 
arrangement. 

 
(g) Uses and Safeguarding 

When the network is ready for a deployment, it will not be 
complex and perform operation easily. The price and 
period for the maintenance and deployment must be low 
[29, 31]. 

VII. NETWORK DESIGN 

Unmanned aerial vehicle (UAV) works independently or it 
can function in incorporation with other networks by way of 
multi ad hoc creation through the satellite communication, 
which provides operative coordination between the connected 
network nubs. Different transmission bands are selected 
according to the requirement and available resources. 
[20-21].  
Fig. 5. shows, the network design comprising different flying 
nodes connecting each other and with the satellite plus at the 
same time satellite communicating to the ground station. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 5. Complete Network Design  

VIII. CLASSIFICATION OF UNMANNED AERIAL 

VEHICLE NETWORKS 

There are various mechanical discrepancies in functioning of 
UAV networks like (a) latency, (b) scalability, plus (c) 
adaptability. Latency can be a major factor in failures of the 
UAV networks [1, 22]. The more nodes the larger is the 
network coverage, as the space linking the nodes decreases 
and the chances of nodes traversal increases [34, 23]. 
Scalability decides the boundary of the networks up to how 
far network can be covered [10, 11, 27].  
According to these characteristics, we can arrange UAV 
networks in two groups (i) Single UAV arrangement and (ii) 
multi-UAV arrangement (Fig. 6). 
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Fig. 6. Taxonomy of unmanned aerial vehicle      
networks. 

8.1 SINGLE (UAV) 
This system was initially developed for the purpose of 
navigation and monitoring the remote objects and consisted of 
flying vehicle requiring human control but these days with the 
development of drones their area of application have been 
increased. Single UAV can consist of ‘n’ number of UAVs 

where each node works independently without any types of 
intra and inter-network connection. Doitsidis et al. [25] have 
planned a structure that was centered on a fuzzy logic which 
could do navigation with the help of single UAV.  
Rubin et al. [26] suggested structure focused on backbone 
networks for data transfer in groups of networks. The basis of 
this network was spatial power control algorithm (SPCA) 
using networking concept to detect and correct the collision in 
the network. Palazzi et al. [24] suggested a prototype that 
used HAPS as satellite for monitoring in metropolitan areas. 
Using HAPS/UAVs in places of hotspot could allow 
transmission control protocol (TCP) for sharing of data.  
Palazzi and Roseti et al. [29] further developed a connection 
between HAPS and satellite communication which enhanced 
the transportation. 
8.2 MULTI-(UAV) 

  Multi-UAVs are intricate structures that have a capability of 
managing complicated issues because of their dynamic and 
efficient framework. It consists of ‘n’ number of UAV 

connection between the nodes but with no interference, and 
each node knows the place and strategy of the other node. 
Chandler et al. [31] explained the concern about the 
cooperative mechanism in the sovereign flying nodes using 
stream of auction algorithms.  
Flint et al. [30] explained the issues regarding the creation of 
pathway for synchronized functioning between the multiple 
nodes and used dynamic programming as a solution. 
Vincent and Rubin [28] suggested architecture of swarm 
intelligence for cooperative network that performed 
organized aerial functions.  
The sub categories of multi-UAV can be discussed as follows: 
8.3 COOPERATIVE NETWORKS 
This term explains the synchronized functioning of the UAVs 
to do complicated functions. In this mode the UAVs can form 
a static or a dynamic network. Various network models have 
been designed based on the cooperative nature of the UAVs.  
Polycarpou et al. [32] suggested an architecture where 
cooperative mechanism can be used by dispersed vehicles 
with controlled functioning. 
Bekmezci et al. [33] discussed the complete structure of 
cooperative networks in example of flying ad hoc network 
(FANET) and the already implemented technologies such as 
Mobile ad hoc network (MANETs) / Vehicular ad hoc 
network (VANETs).  
8.4 RESOURCEFUL RELAYING 

Relaying can allow the creation of temporal networks that is 
capable of handling sudden break down as in MANET / 
VANET. However, in multi-UAV system opportunistic 
relaying is needed that is capable of enhanced utilization of 
resources. 
Hauert et al. [5] suggested a UAV swarm for resourceful 
relaying using small-aerial nodes known as SMAWNET, 
which was based on an artificial intelligence approach which 
in the present world formed the basis of flying ad hoc network 
(FANET).  

 
Cetin et al. [34] suggested aerial vehicle for cooperative 
relaying to prevent some collisions among moving obstacles. 
This method was based upon the formation of potential fields 
for the identification of hurdles.  
8.5 ASSIGNMENT ALLOCATIONS  
Assignment allocation can be applied to the vehicles having 
capability of recognizing maneuver decisions for numerous 
assignments including collision avoidance and cooperative 
solution for complex task.  
Liu et al. [36] suggested UAVs analysis on rational pathway 
establishment for complex task related to surveillance. This 
approach is based on computation of possibility map for 
target gathered data.  
Asher et al. [35] suggested the setup for UAVs in an ad hoc 
network communication that was created for certainty and 
control. There is some algorithm which is used for handling 
cooperative task in UAV network, such algorithm is 
Randomized based algorithm (RBA) tree.  

 
8.6 ROUTING AND POSITIONING UNMANNED 
AERIAL VEHICLE  
In heterogeneous networks, directing can always be an 
interesting task in case of UAV-guided networks. When two 
or more networks are connected a common interface it more 
difficult to support data forward to the desired nodes. Most of 
the researchers are working on that networks and try to find a 
better solution for UAV networks. Our main focus is to study 
over vibrant ad hoc network routing by using UAV. 
Iordanakis et al. [37] studied various routing plans for flying 
networks in terms of ad hoc network. The authors are 
explaining the various plans that are based on infrastructure 
routing and cannot be implemented for UAV network.  
Zang et al. [38] suggested a clustering algorithm with the help 
of UAV networks. The author is explaining the mobility 
forecast algorithm. This algorithm is based on the proposed 
computation established or described how long the 
connection can be established between the two nodes.  

IX. RESULT 

Integrated architectures have increased the areas of 
applications of networks, such as exploring cyclones, acting 
as spy bot in difficult operation, distant sensing, health 
monitoring at remote areas etc. Cooperation among different 
networks can be established with the use of many frameworks 
and models. Different cooperative approaches using UAVs 
have been considered in this paper. The detailed study and 
comparison of these approaches have been discussed. 
FANETs have more controlled 
mobility,  
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simplicity of upgrading and deploying, improved connectivity 
and higher transfer rates as compared to the prevailing 
networks. 

X.  CONCLUSION 

In multi-UAV system, data sharing is important to 
transmission and control algorithm. The system contains 
various designing problems in comparison to single UAV. It 
solves many problems related to scrutiny, direction finding as 
well as exploration. Cooperation is an important aspect which 
functions in synchronization with other ad hoc networks to  
achieve the efficient architectures and frameworks that could 
be useful for attaining coordination.The efficient and 
cooperative frameworks solve the problem such as communal 
functioning of diverse networks, between the ground and the 
aerial network. In this paper, the prevailing UAV architecture 
have separately probed or evaluated to form cooperative 
networks. There are multiple factors and segments that are 
acknowledged based on their operability in cooperative 
network creation. Also the design factors for their 
synchronization in the individual networks have been 
discussed.  In addition, different issues, usages and structural 
obligation have also been conferred.  
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