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Abstract—This paper focuses on developing a new practical classification 
for ad-hoc networks, where all the past classifications revolve upon three main 
categories respectively, mobile ad- hoc network (MANET), Vehicle ad-hoc 
network (VANET) and Flying ad-hoc network (FANET). My new classification 
will illustrate Underwater vehicle ad-hoc network (UWVANET) as the fourth 
category in ad-hoc main classification, showing the powerful and the weakness 
of each category defined. 
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1 Introduction 

The word ad-hoc is from Latin and means “for this (only)”. The ad-hoc network is 
a subcategory of wireless network, but it is different with the purpose of infrastruc-
ture, as we can say that ad- hoc network is a network without an infrastructure as an 
access point, routers, etc. Ad hoc networks are widely used in both military and civil-
ian applications, such as reconnaissance, attack role and rescue missions. In the pur-
pose of communication, the ad-hoc networks communicate without establishing an 
intermediate nodes or cabling [1]. The main problems in ad hoc networks are routing 
and the characteristics of wireless communication, while in infrastructure’s networks 
a node can communicate with all nodes in the same cell. In ad-hoc networks, the 
communication process depends upon selecting a specific routing algorithm, in other 
hand, the data transmission raises as a main problem, for its higher interferences and 
the possibility of asymmetric connections. Figure.1 shows the main three categories, 
were ad-hoc network used to be classified by a lot of researchers as MANET, 
VANET and FANET, these categories based upon the main characteristic of the ad-
hoc network, which is less infrastructure. This classification can be seen as it is de-
pendable upon the usage of these networks, where the researchers neglect one of the 
most important uses of these networks, which is UWVANET.  
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Fig. 1. The Old Classification of Ad-hoc network [5]. 

In this paper a new classification of ad-hoc network will be introduced, based on 
the functionality of the type of nodes being used. This paper is organized in seven 
sections as follows, Section 2 overview the ad-hoc networks, Section 3 studying Mo-
bile ad-hoc network, Section 4 studying Vehicle ad-hoc network, Section 5 studying 
Flying ad-hoc network, Section 6 studying Underwater Vehicle ad-hoc network and 
finally section 7 concludes the paper. 

2 Overview Ad-Hoc Network 

The ad-hoc network can be thought as a set of separated wireless nodes, that com-
municate over a wireless communication medium, without the aid of any infrastruc-
ture as routers, access points, etc. These nodes must be characterized by a set of fea-
tures, in order to overcome the limitation of the infrastructure absent, as routing pro-
tocol performance, processing capabilities and the transmission range [5].Although, 
the power of ad-hoc applications, but these types of networks are limited capabilities, 
due to the mobility, node density, topology changes, radio propagation, power con-
sumption, network lifetime, computational power and localization [17]. 

Due to the variety and the widely usage of the ad-hoc network in many applica-
tions such as complex military system usage applied in resonance and attack roles, 
and civilian applications such as rescue missions and firefighting, the researchers built 
their classification for ad-hoc network, to be categories into three main categories 
respectively MANET, VANET and FANET, as shown in figure 1, while they didn’t 
discuss in their classification beyond the ad-hoc nodes that operates underwater 
(UWVANET), despite of their powerful applications in military and civilian applica-
tions. The new classification for the ad-hoc network can be seen in figure 2, to be 
classified into four main categories respectively MANET, VANET, FANET and 
UWVANET. 
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Fig. 2. New Classification of Ad-hoc network. 

3 Mobile Ad-Hoc Networks 

MANET is a set of mobile devices, that communicate through wireless medium, 
with the characterization of low power storage, less CPU processing and memory 
starvation. Routing, Mobility and the connectivity are created between the nodes, 
where it can be defined as peer level- multi hopping and this is the main point of view 
in Mobile Ad - hoc network. 

Although, routing is created dynamically depending on the routing protocol used, 
to create a path from the source to the destination, this path may be shared by a lot of 
mobile nodes through the network to fulfill the network connectivity, during the this 
connectivity the wireless channel created is subjected with less bandwidth and it is 
affected by the path loss, noise and even interference. Convention, in distributed envi-
ronment routing will not work because the topology can change rapidly. It was found 
that the routing algorithm which based on the shortest path is not applicable in the 
mobile ad-hoc networks, and to overcome this problem, a new routing algorithm are 
developed [18]. 

 
Fig. 3. Mobile Ad-hoc network. 

Mobile ad-hoc network can be represented as an autonomous system because all 
hosts inside the network are connected by wireless connection and each host have the 
ability for movement in any direction (Mobility), also each node can be described as a 
router. Thus, MANET nodes operate as a router, and the entities inside the network 
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topology dynamically changed, due to the variation in connectivity between the enti-
ties because any entity can depart any time and a new entity arrived [18]. 

4 Vehicle Ad-Hoc Networks 

VANETs are a special case of mobile ad hoc networks (MANETs) [2]. In a 
VANET, the topology of the network can change more frequently as compared to 
MANET. VANETs are a special case of MANETs, VANET is represented in two 
structures, the first is the infrastructure of the roadside and the second, is the vehicle 
itself, as shown in fig.4. The usage of VANETs can be advertised in both military and 
civilian applications, ranging from search and rescue operations to road mapping and 
disaster monitoring [3]. VANETs can be represented as a mobile node working in a 
topology as a road, where the infrastructure of the roadside is fixed. This type of net-
working architecture is called Vehicle Ad-Hoc Networks (VANETs), which also have 
a unique challenge other than MANETs. The types of communication in VANETs 
play an important role in many researches, and it is classified into three major aspects, 
the first, is Vehicle-to-Vehicle, the second, is Vehicle-to-Infrastructure, and the third 
is the inter-roadside communication. And due to the high mobility of VANET net-
works, the network is changing rapidly, and the wireless link between each two nodes 
suffers from the rapid change in location, which is represented by the mobility, for 
this reason the links can be affected by disconnection [4]. 

 
Fig. 4. Architecture of VANET [5]. 

From the above, it is noticed that VANET topology's, changes very frequently and 
the main of communication and all-time connectivity becomes an important limitation 
for the VANET based multi VANET task planning, also the distance between nodes is 
larger than in Manet, all these characteristics is due to the mobility of VANETs. 
Therefore, due to all these aspects, the rise of using a high gain antenna is required to 
obtain long range transmission, reduce hop count and enhance latency performance. 
The powerful of VANET make it capable of performing, real time operation, as a real 
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video stream, where high data rate is required, this leads to high bandwidth require-
ments, when it is compared to MANET [7,8]. 

5 Flying Ad-Hoc Networks 

FANETs are a special case of ad-hoc network and especially MANETs [5]. In a 
FANET, it is noticed the high mobility and the rapid topology change more than the 
other two types of ad-hoc network respectively, MANET and VANET. FANET is a 
combination of drones or we can say unmanned aerial vehicles, and it can be defined 
as a preprogramed autonomously plane's system that operates and works without the 
aid of a man on the board and the aid of infrastructure. 

FANET, is a specialist network due to its powerful elasticity communication either 
through the satellite or the ground control station for establishing a link, channel or a 
connection-based communication, to be shared by all UAVs as shown in fig.5. 

 
Fig. 5. UAVs Communication [19]. 

Effectively, FANET is the most powerful, efficient communication topology for 
the multi UAV systems, by the aid of its multi hop communication policy, FANET 
declare that all UAVs are well connected by each other or by the ground control sta-
tion or even by the satellite system.  

Thus, by studying the high mobility for the FANET systems with the rapid change 
in its architecture due to the nodes, frequent changes, the connectivity of the UAVs 
become an important issue because of the variable distance between the UAVs. The 
performance of the system must be equipped with the range achieved by the used 
antenna, so, as the long range of communication is required, this results in using a 
high gain antenna, the gain of the antenna results in reducing the hop count and rein-
force latency execution. In missions, such as reconnaissance role the UAVs are sup-
plied with highly sensitive cameras which required high video transmission in order to 
obtain real time action, also these systems required transmission of data in an accurate 
manner with high data rate. So, the system must obtain high bandwidth with high 
throughput more than any other ad-hoc networks. 
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6 Underwater Vehicle Ad-Hoc Network 

Underwater vehicle ad- hoc network is another important type of ad-hoc network, 
that may combine during its operation with wireless sensors in order to share and 
exchange information to enhance its functionality. 

The importance of Underwater vehicle ad- hoc network had been viewed in the last 
several years, due to its rapid spread in many applications, especially military and 
civilian applications, as in oil-rig maintenance, Unmanned submarines, Unmanned 
Water Vehicle (UWV) and collection of data for water monitoring. The types of 
communication in UWVANETs play an important role, due to its widely used, and it 
is classified into four major aspects, the first, is Underwater vehicle-to-Underwater 
vehicle, the second, is Underwater vehicle-to-water surface, the third, is water sur-
face-to-water surface, and finally the fourth, is water surface-to-Offshore station, as 
shown in fig.6. 

 
Fig. 6. UWVANETs Communication. 

The main different between UWVANET and the other three types of ad-hoc net-
work, is the communication methods used, where UWVANET can use the Acoustic 
communication, which can be defined as a method of communication depends upon 
Acoustic signals, which can be thought as dealing with the mechanics of waves in the 
fluids. Also, Underwater vehicle ad- hoc network, can use other types of communica-
tion technologies as radio frequency (RF) and Optical waves, table. 1 shows a com-
parison analysis, among Underwater vehicle ad- hoc network communication tech-
nologies, and it is clear that, when Acoustic communication is used, it gives high 
performance to the system in deep water, and this is cleared at the table.2. 
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Table 1.  Underwater vehicle ad- hoc network communication technologies [20]. 

Types of  
Tech-
nology 

Distance Propagation 
Speed(m/s) 

Frequen-
cy Bandwidth Data rate Attenuation 

Affecting factors 
determine  

channel quality 

RF 

Very short 
distance 
(Up to 10 
m) 

2.255x108 30-300 Hz MHz Mbps 

Frequency and 
conductivity 
dependent 
(3.5-5 dB/m) 

Conductivity and 
permittivity of 
channel 

Optical 
waves 

Short 
distances 
(Up to 
100 m) 

2.255x108 1012- 1015 
Hz MHz Gbps 

0.39 dB/m 
(Ocean) and 
11 dB/m 
(Turbid water) 

Absorption, scat-
tering, turbidity, 
suspended and 
organic matter of 
channel link 

Acoustic 

Long 
distance 
(Up to 20 
km) 

1500 10-1 kHz Hz kbps 

Distance and 
frequency 
dependent 
(0.1-4 dB/m) 

Absorption, scat-
tering, pressure, 
temperature and 
salinity of water 
medium 

Table 2.  The possible Bandwidth for different Acoustic propagation distance [20]. 

Classified  
Propagation  

distance 

Possible range  
(km) 

Maximum bandwidth 
(Hz) 

Possible data rate (kbps) 

Very Short Less than 0.1 More than 100 500 
short 0.1 to 1 20 to 50 30 
Medium 1 to 10 Up to 10 10 
Long 10 to 100 2 to 5 5 
Very long more than 100 Less than 1 600 

7 Conclusion 

The important of ad- hoc network was cleared during the last several years, due to 
its impact usage in many fields, which lead me to sheds the light upon Underwater 
vehicle ad- hoc network, which is one of the most powerful type of this giant network 
(ad-hoc network). 

This work can be thought as a kind of investigation upon ad-hoc network and its 
subcategories, it was found that the node mobility for underwater vehicle ad- hoc 
network is high depends upon many factors, such as the node speed, type of mission 
and the water environment, this lead the topology to change fast when it is compared 
to MANET or VANET. 

It was found that the most important point of view, is choosing the best radio prop-
agation technology to be used with Underwater vehicle ad-hoc network, and this is 
due to the environment that this network operates at, table. 3 collect the main issues of 
this investigation to be represented in the form of comparison between the four sub-
categories of ad-hoc network. 

This work sheds the light upon an exist subcategory of ad-hoc network that was 
neglected during a lot of work and researches, which is Underwater vehicle ad- hoc 
network (UWVANET). 
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Table 3.  Comparison analysis for the four types of Ad-hoc Network.  

Point of  
comparison MANET VANET FANET UWVANET 

Node mobility Low High Very high High 

Mobility model Random Regular 

Regular for Predeter-
mined paths, But 
special mobility models 
for Autonomous multi-
UAV systems 

Regular for Predetermined 
paths, But special mobility 
models for Autonomous 
multi-UWV systems 

Node density Low High Very low Very low 
Topology 
change Slow Fast Fast Fast 

Radio propaga-
tion model 

Close to 
ground, LoS is 
not available 
For all cases 

Close to ground, LoS 
is not available for 
all cases 

High above the ground, 
LoS is available for 
most of the Cases. 

Depends upon a lot of 
factors, such as the type of 
technology used as shown 
in table.1, and the propaga-
tion distance as shown in 
table.2 

Power consump-
tion And net-
work lifetime 

Energy effi-
cient Protocols Not needed 

Energy efficiency for 
mini UAVs, But not 
needed for small UAVs 

Energy efficiency for mini 
UWVs, But not needed for 
small UWVs 

Computational 
power Limited High High High 

Localization GPS GPS, AGPS, DGPS GPS, AGPS, DGPS, 
IMU GPS, AGPS, DGPS, IMU 
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