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Abstract — Multi-hop Wireless Networks (MWNs) emerge as an
enabling communication technology, evolving rapidly due to the
accelerating advancements and creating potential network
applications that significantly improve the quality of life. Pure
general-purpose MANET laid the theoretical foundation for
MWNSs, and many extensions are successfully deployed in
commercial networks. This article surveys geographical routing
protocols and mobility models applicable to MWNs and their
recently proposed extensions. Mobility is a significant factor that
profoundly impacts the performance of multi-hop geographical
routing. This study analyzes various mobility models that
significantly influence the performance of geographical routing
protocols based on the characteristics and behavior of various
network extensions. This survey investigates the primary
challenges in designing geographical routing for various mobility
models that notably impact the routing performance for a
particular network extension. It also explores the enormous
potential of geographical routing protocols under each extension
and adequately addressing the routing and mobility-related
issues. The essential factors that impact geographical routing,
the freshness of location information, and the adaptive location
update are examined extensively for various network extensions.
Finally, the survey concludes with future research challenges
and directions.

Index Terms — Multihop Wireless Networks, Geographical
Routing, Mobility Models, MANET, FANET, WSN, VANET,
DTN.

1. INTRODUCTION

Due to the rapid technological advancement of computing and
communication, Multi-hop Wireless Networks (MWNSs) have
recently emerged as popular network platforms and received a
great deal of attention in research. In MWNSs, the wireless
nodes form a dynamic network with the support of a shared
wireless medium, with or without any infrastructure. Multi-
hop routing has become an essential component due to the
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short communication range of mobile nodes. Thus, the
intermediate nodes act as routers to enable hop-by-hop data
transmission  between the source and destination
cooperatively. MANET is the theoretical foundation of many
recent network extensions, and the extensive research
activities notably expand the capabilities of wireless networks
that lead to potential applications [1].

This massive expansion significantly contributed to the
development of novel solutions in real multi-hop network
environments. This survey mainly concentrates on
geographical routing [2] and its mobility issues in prominent
MWN extensions such as MANET [3], Flying Ad-hoc
NETworks (FANETS) [4], Wireless Sensor Network (WSN)
[5], Delay-Tolerant Network [DTN] [6], Vehicular Ad-hoc
NETwork (VANET) [7] [8] and these networks that evolved
significantly due to its emerging applications and recent
research attentions. The geographical routing can deliver
packets efficiently to overcome the scalability and mobility
issues in MWNSs [9].

Geographic routing reduces delay and substantial routing
overhead when large networks operate with highly dynamic
mobility. Geographical routing eliminates the use of
expensive control packets and enables only the next-hop link
towards the destination. If the source knows the destination
location, a network-wide search by sending the control
packets is eliminated. The geographical routing forwards data
packets based on the physical location of nodes and enables
an efficient context-aware routing. To decide the next hop,
each node must trace the physical location of neighbors, and
thus it requires efficient location service and location update
scheme. The distance is estimated between the mobile nodes
by utilizing the signal strength of the received packet or time
delays in direct communication. However, the geographic
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routing needs to update the location information frequently
depends on the node mobility, in turn, high mobility increases
the rate of a location update.

Node mobility is an essential characteristic of MWNs that
significantly impacts multihop routing protocols [10].
Mobility induces frequent path breakages in multihop that
lead to increasing the overhead and delay. Thus, multihop
routing has to adapt to the mobility pattern of nodes to deliver
the performance. Mobility models are designed to support
mobility traces collected from humans, wild animals,
vehicles, and other real-world objects. As mobility has
become an integral part of the wireless network, a broad range
of mobility models have been developed recently to capture
the realistic mobility of objects depending on the applications.
As everything is moving in real environments, mobility is a
crucial concept in the wireless networks that describe the
reality of node mobility. Although the geographical protocol
does not store the network topology information, the nodes
must still know where one-hop neighbor nodes are placed.

The negative impact of node mobility is significantly high on
the maintenance of accurate neighbor lists. In geographical
routing, location information is paramount for routing
decisions, and the accuracy of location information has a
massive impact on routing performance. Location error or
inaccuracy is often combined with the problems caused by the
unpredictable mobility of nodes [11]. Node mobility is
considered as the primary factor in the location update
scheme, and it degrades the probability of accuracy of the
neighbor node discovery process.

The essential factors that impact the geographical routing are
the freshness of location information and the adaptive location
update scheme with the characteristics of node mobility
models. The mobility model provides mobility patterns based
on the position of node, direction, and speed over a specific
period to specify the characteristics of nodes in an active
network environment [12]. The inaccurate location
information due to the random node mobility and its pattern
decreases the geographic routing performance.

The time gap between the location update beaconing is larger
than employing the location information for packet routing. It
increases the importance of the characterization of node
mobility and its models with geographic routing. Recently,
the design of the location update scheme has considered the
mobility parameters such as speed, direction, prediction, and
time for observing node location and improves the
performance. Thus, designing a new mobility adaptive
location service with minimum overhead is essential. It is
clear that the efficiency of the geographical routing purely
depends on the accuracy of location update that relies on the
node mobility and their pattern.
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1.1. Challenges Related to Mobility in Multi-hop Wireless
Networks

The efficiency of MWN is affected in different ways by
mobility. The mobility models developed for MWN have
some common shortcomings [11][12]. These are listed as
follows.

e The rapid advancement of ICT enables mobility and
mobile devices as an inevitable part of life. Developing a
mobility model that mimics the real mobile object
movement is a significant challenge while testing the
protocols using the simulators. It is also challenging to
generalize real-time applications from small-scale
simulations. Other factors are an irregular movement of
the human that creates a significant challenge in
movement prediction and a lack of migration of wireless
devices out of a modeled area as the movement of humans
cannot be restricted in real-time.

e Only a few mobility models consider the obstacles in the
simulation. However, in the real world, there are hills,
buildings, and trees. However, modeling obstacles only by
restricting the communication range is not enough to
reflect reality since the mobile devices should be restricted
to move towards the coordinates of an obstacle. The
mobile device coverage is not in regular shape, i.e., a
circle. However, in simulation, the communication range
of a wireless device is taken as circular.

e In the design of the mobility model, poor location
prediction accuracy results in the absence of user behavior,
community structure, social relationships, and the
correlation between user movement.

e Validating the mobility models is crucial to ensure the
applicability of the model to different types of networks.
However, it is difficult due to the impracticability of
collecting actual mobility data.

Traditional geographic routing protocols assume that the
performance obtained from the simulation is equal to the real-
time. Tablel lists the challenges when applying geographic
routing in different environments.

Mobility modeling plays a crucial role in evaluating the
performance of geographic routing protocols over MWNs.
The gap between the mobility models in a simulation
environment and real-time applications impacts geographical
routing protocols.

1.2. Simulator Support for Mobility Models in Multi-Hop
Wireless Networks

Geographical routing protocols are designed for various
application scenarios. The untested new protocols cannot be
installed on a large-scale network due to the uncertainty of its
performance. They need to be tested with analytical modeling
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or simulation tools [13]. Analytical modeling faces significant
limitations since the deduced results are not precise in terms
of the resources consumed. In contrast, affordable simulation
tools provide precise results and accurately evaluate the
proposed protocols. Simulation allows the designer to get

practical feedback, validate the correctness and efficiency of

complex protocols at an affordable testing cost within a short
period. The designer can understand the behavior and the
complexity of the protocol by applying a different abstraction
level. Table 2 lists some of the network simulators and their
mobility models.

Network Movement Mobility Aspects Impacting Geographic Routing Efficiency
Pattern
In Simulation In Real Time
1) Location inaccuracy due to failure | 1) The mobile nodes located in a real-time
of location prediction during | MANET environment is predictable and
mobility not completely random
2) Location prediction failure, when the | 2) The continuous movement of devices
Random device follows the completely | results in the unavailability of the router,
MANET random movement i.e., local maximum
3) Locating the mobile destination
4) Local maximum Problem
Community | 1) Lack of social context and its | 1) Unrestricted distance to travel
associated group reforming leads to | 2) Dynamic formation of community
reduced accuracy in prediction
2) Restricted traveling Distance within a
modeled area
Simple 1) Lack of using the advantage of spatial | 1) Some nodes meet on a random basis, but
Human regularity in human mobility some nodes are more frequently and
2) Lack of modeling obstacles during | regularly
mobility 2) Periodical reappearance at a preferred
location
3) Human movement through obstacles is
not possible
1) Link availability based intersection | 1) Modeling obstacles in real-time are
VANET selection in routing is affected by the | difficult
collision 2) The dynamic driver decision may not
Traffic 2) Lack of linking driver decision and | always assure the link availability
movement prediction 3) Lack of RSUs in real road scenario
1) Lack of considering the driver decision | 1) Vehicle distribution is not entirely
Behavioral and speed acceleration together random
2) Vehicles random movement on the road | 2) Lack of RSU availability in real road
increases the frequent beaconing resulting | scenario
in a collision
1) No hot spot issue 1) Sensor damage by animals or natural
Controlled 2) Energy hole only due to the usage in | disasters
routing 2) Path changes due to obstacles
WSN _ —
1) Frequent location error due to mobility | 1) The sensor movement cannot be
Non- reduces the accuracy predefined
Controllable | 2) Sensor movement in the modeled area | 2) Node mobility reduces the possibility of
3) A high energy consumption local maximum and hot spot issues
3) Sensor damage by animals or natural
disasters
4) Path change due to obstacles

Table 1 Challenges in Modeling the Geographical Routing in Simulation and Real-Time
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Tool Type Mobility Models Language Opportunities Network to
Model
BonnMotion Random WayPoint, Java Supporting MANET,
Random Walk, visualization tool | FANET,
Manhattan Grid, WSN, and
Gauss-Markov  model, VANETS
Mobility and Reference Point
Generator Group Mobility
MobiSim Random WayPoint, Java Modeling traffic | MANET,
Random Walk, signs and traffic | FANET,
Random Direction, lights WSN, and
Manhattan Grid, VANETs
Gauss-Markov  model,
Nomadic Community,
and Pursue
NS2 Random WayPoint, C++ and Visualization is | MANET,
Random Walk, OTCL an available and | FANET,
Manhattan Grid, very popular | WSN, and
Gauss-Markov  model, simulator VANETS
and Reference Point
Group Mobility
NS3 Random WayPoint, C++and It supports TCP, | MANET,
Random Walk, Optional UDP, ICMP, | FANET,
Manhattan Grid, | Python IPv4,  multicast | WSN, and
Random Direction, | Bindings routing protocols, | VANETS
Gauss-Markov  model, and CSMA
and Reference Point protocols.
Group Mobility
Omnet++ Random WayPoint C++ Supports a | MANET,
graphical network | FANET,
editor WSN, and
VANETSs
OPNET Random WayPoint, Cand C++ Supports very | MANET,
Random Walk, Random large-scale FANET,
Network Direction, and Group multihop wireless | WSN, and
Simulator Mobility Networks VANETSs
NetSim Random Walk and | C and Java It provides a GUI | MANET,
Random WayPoint with the features | WSN, and
of drag and drops | VANETs
functionality for
devices
GloMoSim/QualNet Random WayPoint, C It can scale up to | MANET,
Random Walk, networks with | WSN, and
Manhattan Grid, Gauss- thousands of | VANETs
Markov model, heterogeneous
Reference Point Group nodes.
Mobility, and Group
Mobility
SSFNet Random WayPoint, Java and C++ Scalable,  high- | MANET,
Random Walk, performance WSN, and
Manhattan Grid, Gauss- network VANETS
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Markov model, and modeling
Reference Point Group
Mobility
J-Sim Random WayPoint Java Supports  energy | WSN
modeling,
component-based
architecture
GTNets Random WayPoint C++ MANET,
Network WSN, and
Simulator VANETS

Table 2 Network Simulators and Mobility Models

Several mobility models are developed for various MWNs
[12] [14]. The research works build communication networks
using both experimental and mathematical models to prove
the performance. In the last decade, communication networks
have become too complex for mathematical analysis. Thus,
network designers prefer simulation tools for analyzing the
behavior and performance of the networks and their protocols.
The network simulation tools are often used in testing the
capacity of networks to meet the quality of service. Also, the
simulation tools can explore a wide range of potential
protocols for evaluating wireless network performance.

1.3. Scope and Motivation of the Survey

The advancement of information and communication
technology has created a potential opportunity for the
expansion of MWNs. Many successful wireless network
solutions deployed for practical use are purely depending on
the groundwork of MWNs. A wide range of network
extensions of MWNs has been successfully deployed in the
market, for instance, MANET, FANET, WSN, VANET,
mobile opportunistic network, Delay Tolerant Networks
(DTN), Underwater Wireless Sensor Networks (UWSN), and
Internet of things. This network expansion offers excellent
scope for evaluating geographical routing protocols under
various network environments and mobility models. The
motivation of the survey is to offer a comprehensive survey
that studies the impact of geographical routing under various
mobility models for the extensions of MWNs. Recent
advances in GPS technology and the growing popularity of

positioning devices enable the added advantage of
geographical routing protocols over the other routing
protocols. Geographical routing protocols significantly

overcome topology-based routing pitfalls due to the high
scalability and robustness against dynamic topology changes.
It potentially reduces the high resource and communication
cost of topology-based routing protocols in the high mobility
network environment. It also enables the scalability of the
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routing protocol to support large-scale networks with limited
overhead in a dynamic network environment. Considering
these advantages, MWNs effectively utilize the geographical
routing protocols for various networks and application
scenarios. With the advancement of new technologies, devices
start to shrink in size and can process and hold large volumes
of data. As a result, the market witnessed tremendous growth
of mobile devices within a short period. Mobile devices are
expanding the capabilities of the network to the next
generation of MWNs. Researchers have studied the
movement patterns of human beings and animals. Human
mobility is highly complex and mainly influenced by social
aspects. Thus, creating mobility models that mimic human
mobility and evaluating the protocols under various network
conditions is essential for reliable and efficient routing
operations.  Performance evaluation is an essential and
integral part of any network research and developing a new
mobility model largely depending on the mobility of the
device.

1.4. Contributions

This survey highlights the recent MWN research trends that
explore geographical routing under various mobility models
and network environments. It explores how geographical
routing can help MWNs achieve their full potential under
different mobility scenarios and applications. The literature
reveals that surveys are published for mobility models [15]
[16] [17] and geographical routing protocols [9] that focus
only on a specific network and protocol. The primary
contribution of this survey is that it compares the most
popular extensions of MWNs and their behavior with
different mobility models based on geographical routing
protocols. The primary focus of this survey is to assist
researchers in designing the models of various MWNs and
extensions with appropriate mobility model and suitable
geographical routing protocols. This work motivates future
research in MWNs to model the wireless networks
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appropriately with the realistic motion of wireless devices and
design an efficient geographical routing by solving the issues
in conventional routing schemes.

1.5. Paper Organization

Section 2 presents the geographical routing protocols in
MWNs. Different geographical routing protocols are
explored, such as greedy-based routing, face routing, greedy-
face-greedy routing, and opportunistic routing. Section 3
presents various mobility models for geographic routing in
MWNs and extensions. Section 4 investigates the impact of
mobility issues and mobility adaptive location update
schemes on geographical routing protocols. Section 5 presents
the latest trends and future directions, and Section 6 concludes
the survey.

2. GEOGRAPHICAL ROUTING PROTOCOLS FOR
MWNS

Recently, MWNs have embraced geographical routing
protocols for many potential applications due to their stateless
property, scalability, and efficiency. It widely supports
energy efficiency, Quality of Service (QoS), node mobility,
and context awareness. Geographic routing algorithms
employ position information such as its position, position of
neighbors, and destination position to make packet forwarding
decisions [9]. It delivers data packets in a network over
multiple hops utilizing location information. This process
makes geographic routing more attractive for dynamic
wireless network scenarios. Geographic routing also supports
context-aware routing decisions based on location information
that leads to the establishment of ubiquitous computing. The
geographic routing protocols employ location servers for the
sources to obtain the position of the destination. Each node
updates its location information to the location servers using a
handful of messages. For scalable wireless communication,
the nodes have to know only the location of their neighboring
nodes for data routing. It eliminates the need for state
propagation and flooding beyond the one-hop distance. The
geographical routing provides a fast response to the frequent
topology changes and discovers new routes quickly. Thus,
geographical routing by utilizing the advantages of node
mobility is an attractive method for MWNSs.

2.1. Classification of Geographic Routing

The geographic routing protocol classifies into four
significant methods: greedy-based routing, face routing,
greedy-face-greedy routing, and opportunistic routing, as
shown in figure 1. Greedy forwarding is the earliest routing
approach in which the data packets are routed to the
neighboring node closer to the destination [18]. Compass
routing is a basic model for face routing, and it successfully
detects when a node crosses a line connecting the source and
destination [19]. The first face routing algorithm is executed
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by applying the compass algorithm to Unit Disk Graphs
(UDG) and planarizing UDG [20].

Geographic Routing
v ¥ v l
Greedy Based Face Greedy -Face- Opportunistic
Routing Routing Greedy Routing Routing

Figure 1 Classification of Geographic Routing Protocol
2.1.1. Greedy Based Routing

The Greedy based routing is a simple, easy to implement, and
understandable geographic routing. When a source wishes to
forward the data packets to a destination in greedy routing, it
consults the neighbor table to determine a next-hop node
closer to the destination. However, greedy routing does have a
significant problem when a node has an empty neighbor list to
reach the destination; it drops the data packets, referred to as
local maximum or void problem [21]. The local maximum
problem provides a severe issue for the performance of greedy
forwarding. An extension of basic greedy routing employs the
concept of the potential field [22]. The possible fields are used
in the movement using the virtual repulsive force.

2.1.2. Face Routing

An alternative method called face routing is applied to
overcome the problems faced by greedy forwarding, which
builds planar sub-graphs using a polarization mechanism [23].
In the planarization process, the intersecting edges are
removed in a network graph to construct the planar graph and
avoid segmentation. A UDG consists of circles and a line
where two circles are overlapped, indicating communication
links. A UDG can model a mobile ad hoc network where the
vertices signify the nodes placed on the Euclidean plane.
When the transmission range of two nodes is overlapping,
they can communicate with each other. An Adaptive Face
Routing (AFR) binds the cost of determining the destination
into the routing function. However, due to the limitation of its
searching area, the Bounded Face Routing (BFR) with the
elliptical shape increases the number of hops that augment the
data delay and overhead on routing [24]. A drawback of the
right-hand rule method used in UDG is blind packet traversal,
leading to a long path and substantial data delay. The claim of
incorrect faces in face routing protocols leads to inefficient
routing over highly dynamic environments.

2.1.3. Greedy-Face-Greedy Routing

The Greedy-Face-Greedy routing protocol or hybrid routing
combines both greedy and face routing, where it starts as the
greedy routing protocol and switches to face routing in the
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absence of neighbors. Greedy Other Adaptive Face Routing
(GOAFR) [25] builds hybrid greedy and face routing. It uses
the greedy mode until the local maximum problem is
encountered, and OAFR is employed as a recovery scheme
for the void problem. Once the face routing, OAFR is
initialized and continued until it reaches the destination or the
greedy mode is possible to reach the destination. The
extension of GOAFR (GOAFR+) is a hybrid greedy-face
routing, and it is asymptotically optimal routing [26]. The
main difference between the GOAFR and GOAFR+ is that it
does not take the full boundary of a face, instead of using two
counters to keep the greedy neighbors closer to the
destination. A Greedy Path Vector Face Routing (GPVFR) is
a non-oblivious method that guarantees efficient packet
delivery without complete face information and improves the
routing efficiency of both hop stretch and path stretch [27].

2.1.4. Opportunistic Routing

A new routing paradigm, named Opportunistic Routing (OR),
exploits the benefits of the wireless medium with a
broadcasting nature. Unlike conventional routing protocols,
OR selects forwarding candidates instead of choosing a
specific packet forwarder. It allows further candidates to store
and forward the overheard data packet. The forwarding
candidate list is similar to routing table maintenance in
conventional routing, but it can be global or local, depending
on the routing strategy. Multiple nodes can overhear the same
packet, even when a node forwards a packet to a specific node
[28-29]. Typically, a source node maintains the global
forwarding set, while the local forwarding set is distributed
among candidates. All the forwarding candidates need to be
coordinated according to some criteria for opportunistically
routing the data packets without duplication. The OR protocol
transmits a packet through any available links rather than a
selected single link, and in other words, additional backup the
availability of nodes in OR reduces the node mobility impact
on packet delivery dramatically. Therefore, the OR increases
the robustness of multihop wireless communication.

2.1.5. Void Handling in Geographical Routing

Generally, the number of intermediate routers is decreased
due to void areas in sparse networks. The presence of void
areas in the various network area is a severe limitation in
geographic data forwarding. In the presence of a void area,
the geographic routing protocols often fail to deliver the data
packets at the destination successfully. In such a case, the data
packets are dropped in the void area, and further, they are not
transmitted due to neighbor unavailability. Due to the random
node topology and dynamic node mobility, detecting the void
area is not easy in wireless networks. Flooding is the simplest
void avoidance method that provides the least routing path for
successful data transmission in wireless networks [30]. The
network nodes receive multiple unnecessary copies for single
data transmission. Thus the flooding method is inefficient, as
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it consumes high energy and bandwidth in resource-

constrained networks.

P y l |

Planner Geometric Flooding ‘ Cost-based ‘ ‘ Heuristic ‘ ‘ Hybrid ‘
Graph based
based

Figure 2 Classification of Geographic Void Handling
Techniques

Figure 2 depicts the classification of geographic void handling
mechanisms and techniques are categorized by flooding-
based, planar graph-based, cost-based, geometric, heuristic,
and hybrid [31].

3. MOBILITY MODELS FOR MULTI-HOP WIRELESS
NETWORKS

Performance evaluation using a simulator is paramount to
assess the efficacy of any newly proposed MWN protocols.
The routing process mainly depends on the stability of the
wireless links, which again rely on the mobility of the
network nodes. The mobility models are the foundation to
emulate real-time mobility scenarios. As the mobility model
creates a significant impact on routing efficiency, it must
capture the mobility characteristics of devices realistically.
The selection of the mobility model is prominent in
simulation because the assumptions on the mobility models
create a strong influence on the node trajectories, resulting in
a drastic effect on routing performance. Wireless network
research emphasizes new mobility models that mimic the
movement characteristics of humans, mobile devices, and
vehicles realistically. Generally, the factors of location,
moving direction, node velocity, and velocity changes over
time govern the nature of real-time mobility.

Figure 3 depicts a popular classification of existing multihop
wireless network mobility models. A detailed survey of
mobility models available in the literature [12]
[14][16][171[32][33]. Recent research works focus on the
distribution of these factors on emulating the movement
nature that could be observed in real-time in the design of
mobility models. Therefore, mobility models are classified
based on different factors related to node mobility factors.
Multiple classifications exist according to various parameters
such as mobility prediction, randomness, and node mobility
behavior. According to the mobility prediction, the mobility
models can be divided into deterministic, semi-deterministic,
and random mobility. The mobility models are also classified
into a statistical, constrained, and the trace-based mobility
model based on the degree of randomness. The mobility
models are organized into traces and synthetic mobility
models according to the behavior of mobile nodes.
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Figure 3 Classification

Individual node mobility has a minor impact on multihop
routing than a group of node mobility. Generally, the mobility
models proposed for multihop wireless networks are cross-
disciplinary, and it is non-viable to provide exhaustive
classification about existing mobility models. Many factors
have been used in the literature to classify the existing
mobility models in wireless multihop networks. Entity versus
group mobility behavior is mainly used to categorize the
mobility models, and another classification factor is whether
the mobility models account for the obstacles such as
geometric vs. non-geometric, free space vs. geographic, and
guided vs. unguided. Most of the classification schemes
divide the models into five categories: synthetic, trace-based,
social-based, vehicular, and human mobility.

The trace-based models observe the real-time application-
oriented node mobility. The real-time mobility traces are
performed in three categories: monitoring-based, localization-
based, and contact information-based. The monitoring-based
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of Mobility Models

trace mobility models observe the mobility information
through straight monitoring. Secondly, the localization-based
model utilizes location information to know the movement of
the nodes. Finally, contact information like mobile phone
numbers and addresses are utilized to observe the node
mobility. The dynamic network topology induced by high
mobility nodes and lengthy observation periods poses
significant challenges in the trace of node mobility. In the
absence of traces, synthetic mobility models are essential to
describe realistic node movements. The entity and group
mobility models are the two main classifications of synthetic
models. Further, the entity mobility models are segregated
into random, temporal dependent, spatial dependent, and
geographic restriction. Mostly, wireless network applications
utilize entity mobility models based on random motions. In
the random-based entity mobility, frequently used models are
the RW and RD. The mobility models are grouped under the
temporal, spatial, and geographic categories according to the
dependencies and restrictions on node movement. The
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dependencies on the past movement behavior of nodes and
the behavior of the surrounding nodes considerably influence
the temporal and spatial category. Further, the RPG mobility
model is widely used in the group category. The other group
entity mobility models are the nomadic community, column,
pursue, heterogeneous random walk, and exponential
correlated random. The social-based mobility models are
divided into community-based, sociological interaction,
home-cell community-based, and hybrid. Most of the existing
mobility models fall into the hybrid category in which more
than one type of social mobility model is integrated.

The following section is dedicated to mobility models applied
to geographical routing protocols for various MWNs such as
MANET, FANET, WSN, VANET, and DTN.

3.1. Mobility Models for MANET

It is necessary to analyze the node mobility during the routing
phase in the MANET, and several works have been proposed
in mobility characterization under different mobility patterns.
Individual node mobility has a minor impact on MANET
routing than a group of node mobility. Some of the MANET
mobility models are listed in Table 3.

Support on Mobility Metrics
Mobility Models PI:t(i(ejin E:_?rl:]s: Moving Time Spatial
Direction Speed Correlation | Correlation
Random Individual Yes Randomly Chosen | Uniformly chosen No No
Way Point
Random Individual No Randomly Chosen | Randomly Chosen Yes Yes
Walk
Random Individual Yes Uniformly chosen | Randomly Chosen Yes Yes
Direction
Reference Group No Uniformly chosen | Uniformly chosen No Yes
Point Group Movement
Community-Based Group No Intrinsic, Uniformly chosen Yes Yes
Mobility Model Movement derived from
target attraction
computation
Simple Intrinsic, Cumulative,
Human Group derived from depends on all
Mobility Model Movement No target attraction nodes’ speed Yes Yes
computation
Time-Variant Group Partially | Uniformly chosen | Uniformly chosen Yes Yes
Community Movement
Model

Table 3 Mobility Models for MANET

Random Models: The Random Way Point (RWP) is the
basic model, and it is the foundation for other mobility
models in wireless networks. The mobility pattern of nodes
includes the pause time for varying the network topology. It
means a mobile node stays in the exact location after its every
mobility. A Random Direction (RD) is a primary model
proposed in wireless networks in which the mobile nodes
move all the way to cover the network area. It avoids the
overlapped nodes or high density in the center of the network
due to the mobility characteristics of the RWP model over
time.

Models with Temporal Dependency: In random
dependency, the entity or individual mobility represents the
nodes whose mobility is independent of each other - RWP,
RD, and Random Walk Mobility (RWM) model. The random
selection of mobility parameters, such as node speed, moving

ISSN: 2395-0455

©EverScience Publications

direction, and time, is independent of each other. The group
mobility declares that each node's movement is dependent on
others in its group. The most general group mobility models
for the MANET environment is Reference Point Group
Mobility (RPGM) model. The temporal dependence
represents how the velocity changes in individual node
mobility over a particular time, and each node moves
according to its movement history.

Models with Spatial Dependency: The correlated movement
of nodes in the network, named the degree of spatial
dependence. The increased number of mobile nodes moving
in the same direction with the same speed increases the degree
of spatial dependence. The most predictable node mobility in
MANET is the deterministic mobility model. When the
direction of two mobile nodes is equal, the deviation of the
direction vectors of the two positions is zero. The mobile
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node moves in a straight line, and it turns only at the bend.
This category of mobility model is called as Urban Traffic
Model. Still, some of the applications are failing to determine
the node’s mobility accurately. The individual mobile nodes
do not move in a specific direction but follow a particular
mobility pattern. For instance, consider the movement of ants
as they walk in the general direction.

Models with Geographical Restriction: Generally, the
graph-based model works based on vertices and edges in
which vertices represent the intended destinations and edges
denote the possible communication routes to the intended
destinations. Different approaches have been employed to
explore node mobility restriction in a particular area, and
these are area graph, geographic division, map, and VVoronoi-
based approach [34]. In a real environment, random mobility
is not always possible. A graph-based method is proposed to
handle this kind of problem. Generally, the area graph-based
mobility model classifies the geographical area into clusters
with high node density, whereas the map-based mobility
model restricts the node movement in the network.

3.1.1. Mobility Models Applied to Geographical Routing in

MANETSs

Some traditional mobility models, such as random, correlated,
and restricted random models, have been adapted to model
MANETs. The most general way to use these random
mobility models is to configure the mobility factors such as
speed, range, variance, simulation area, and time depending
on applications. Moreover, the restricted random walk model
describes the movement of mobile nodes in a restricted area.
The random mobility models are used to get insights into
MANET networking performance. The Gauss Markov
mobility models are mostly used to model the personal
communication system in a MANET environment. The GPSR
[18] and GLR [21] are the most fundamental geographical
routing protocols proposed for MANETs. Such protocol
employs the simple random waypoint mobility model in
simulations. Consequently, some of the other greedy routing

protocols are Geographic Direction Forwarding Routing
(Geo-DFR) [35], Normalized ADVance (NADV) based
routing [36], Greedy Routing Protocol with Backtracking
(GRB) [37], Energy and Mobility Greedy Perimeter Stateless
Routing (EM-GPSR) [38], prediction new link lifetime for
greedy and contention-based routing [39], and Efficient
position based Most Forward within Radius (MFR) [40] also
utilizes the random mobility models in their simulations. The
contention-based routing in [39] employs link lifetime in
router selection and selects high stability links for routing.
The main intention of Geo-DFR is to make better routing
decisions based on the geographical location and destination
direction. The NADV offers an effective mobility-aware
routing method to MANETs. The GRB and EM-GPSR
routing protocols effectively deal with void issues in greedy
MANET routing and maximize routing efficiency. Further,
the MFR routing protocol boosts the routing performance by
determining suitable position-based routers. The face routing
protocol Efficient Particle Swarm based Resource Optimized
Geographic Routing (PS-ROGR) [41] and Novel geographic
routing scheme [42] exploit random models, whereas Q-
learning based geographic routing (QGeo) [43] uses Gaussian
Markov mobility model. The greedy face routing protocols
GOAFR [25], GOAFR+ [26], and Topology Aware
Geographic Routing (TAG) [44] combines the advantages of
greedy and face routing in router selection, resulting in better
geographic routing performance. Such models consider the
random mobility models in simulation. Similarly, the
opportunistic routing protocols Fuzzy Logic Q-learning Based
Asymmetric Link Aware and Geographic Opportunistic
Routing (FQ-AGO) [45], Reliable and practical opportunistic
routing protocol, named as ORGMA [46], Cross-Layer
Reliable  Opportunistic  Routing (CBRT) [47], and
Cooperative Opportunistic Routing scheme in Mobile Ad hoc
Networks (CORMAN) [48] also employ simple random
mobility models for performance analysis. The adaptation of
various mobility models over MANETS is discussed in Table
4.

Routing Protocol Category Routing Objective Mobility Advantages
Model
GPSR [18] Maximum progress Random Loop free Routing
waypoint
GLR [21] Avoiding unnecessary | Random Neglecting triangular
longer traversal paths waypoint routing reduces the delay
Geo-DFR [35] Making direction based | Random Higher delivery ratio with
routing decisions waypoint minimum overhead
NADV [36] The optimal tradeoff | Random Efficient and mobility
between proximity and | waypoint adaptive cost-aware
Greedy link cost routing strategy
ISSN: 2395-0455 ©EverScience Publications 643
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GRB [37] Routing To deal with voids and | Random Lower end-to-end delay,
improve routing | waypoint Overhead, and minimum
efficiency hop count
EM-GPSR [38] Improves a method to | Random Less computational
deal with routing voids | waypoint complexity
Contention-based It aims to select better | Random Reduced end-to-end delay
routing [39] next-hop with high link | waypoint and higher delivery ratio
stability
MFR [40] To determine the most | Random Optimizing the routing
suitable  intermediate | waypoint performance by
nodes using position considering the velocity
information issues in advance
PS-ROGR [41] Selecting better routers | Random Energy-efficient  routing
based on PSO based | waypoint and maximum network
location fitness lifetime
Novel geographic Dealing with critical | Random Minimum overhead and
routing scheme . communication voids in | Way Point delay for handling the
[42] Face Routing | sparse MANETS communication voids
QGeo [43] Minimize the overhead | Gaussian Enhanced packet delivery
under high mobility | Markov ratio improved the
scenario random performance of robotics
mobility
GOAFR [25] Adaptive face Routing | Random High Scalability
Model
GOAFR+ [26] Greedy-Face- | Reducing the delay of | Random Restricted boundary
Greedy GOAFR Model traversal
Routing
TAG [44] Reducing the number of | Random Supporting  for  node
hops and improved | waypoint mobility and void handling
local forwarding
decisions
FQ-AGO [45] It aims to assign long- | Modified Improved communication
range transmission | random reachability, maximum
links for routing waypoint scalability, and improved
packet  delivery  with
reduced end-to-end delay
ORGMA [46] Adopts a gradient | Random Achieve  high  packet
forwarding approach waypoint delivery  ratio under
Opportunistic dynamic MANET
Routing environments
CBRT [47] Employs the fuzzy | Random Minimizes the data loss
logic to regenerate the | model and balance the efficiency
dead nodes of transmission
CORMAN [48] To determine a list of | Random Better routing performance
better intermediate | Waypoint with minimum overhead
nodes

Table 4 Mobility Models Applied to Geographical Routing Techniques over MANETS
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3.2. Mobility Models for UAV and FANET

UAVs collaboratively perform a task without a human
intervention applied for military surveillance, disaster
management, and other valuable real-time services. In UAV
networks, the UAV devices such as drones and aircraft
collaboratively monitor and gather data about the particular
region and transmit the information to a ground station for
taking appropriate actions. Routing is a significant task in
UAYV networks, and the routing protocol design poses several
challenges in UAVs, particularly the high mobility due to the
speed of UAVs. Hence, the UAVs move with a high degree of
node mobility, and the speed is relatively 30-460 km/h.
Before implementing the novel UAV routing protocols
straightly in real-time application services, it is essential to
evaluate its performance using a simulator. The efficiency of
UAV routing protocols mainly depends on mobility, and the
mobility models play a more significant role in generating the
movement patterns of the UAVs in simulation. Designing an
appropriate mobility model is essential to precisely evaluate
the movement patterns of UAVs based on the application
type. Notably, the specific mobility of UAVs affects
simulation performance. Generally, the UAVs have similar
characteristics of MANETS, and they use the mobility models
of MANET, such as random and Gauss Markov models for
evaluation. These models fail to accurately reflect the
mobility patterns of UAVS, resulting in misleading simulation
results. The speed of UAVs is high compared with MANETS,
and it poses significant challenges in routing protocol design.
Such an issue is not adequately handled due to the actual
behavior of UAVs in real-world applications. New mobility
models specially proposed for UAV networks consider the
speed variations and unpredictable location changes of UAV
nodes. The mobility models proposed for UAVs are mainly
categorized into five categories: pure randomized, time
dependant, path-planned, group mobility, and topology
control-based. Discussions on the FANET mobility models
are available in [49]. A comparative analysis of such mobility
models is depicted in table 5.

3.2.1. Mobility Models Applied to Geographical Routing in

UAV and FANET

UAVs are envisioned in several real-world applications such
as surveillance, rescue operations, and disaster in the modern
world [50]. According to the application, selecting an
adaptable mobility model is essential, as the movement
patterns of UAVs differ according to the application type. A
survey of position-based routing for FANET is discussed in
[51][52]. The fundamental and straightforward random
mobility models such as RW, RWP, and RD are widely
employed to analyze wireless network performance. In recent
years, such models have been adapted to UAVs for analyzing
performance by selecting appropriate parameters such as node
speed and density that reflect UAV network characteristics.

ISSN: 2395-0455

The fundamental random mobility models only express the
ordinary random movements of nodes. They are not
considering the realistic movements of nodes, such as
frequent changes in node mobility, correlations among node
directions, and relations between mobile network entities.
Due to the removal of such information, adopting simple
random mobility models is the most natural way of evaluating
UAV performance. The simplest way to adapt random
mobility models for UAV is to consider the random speed of
the nodes, and the simulation area size depends on UAV
settings in the simulation parameter configuration. The UAV
random models easily capture the high mobility of UAV
nodes. In contrast, it ignores the correlations among UAVs
over a particular period in spatial and temporal dimensions,
resulting in wrong direction changes. The random models
select random time slots for observation and create non-
smooth unrealistic trajectories in UAV simulation. Therefore,
it is crucial to assess the performance of UAVs with diverse
mobility models with various configuration settings. The path
plan-based mobility models have pre-defined path movement
trajectories, and it is more adaptable for UAVs in
transportation scenarios in which the UAVs knew their
destination. The semi-random circular movement mobility
models include a pre-defined turn center, resulting in
restricted random trajectories. Such models are employed in
application scenarios that predetermine the position
information of a target. The smooth turn mobility models are
suitable for patrolling applications that express realistic and
flexible trajectories. The Gauss Markov mobility model
overcomes the issues of random models by providing rich
insights into the parameter configuration of UAVS.

Most of the UAV geographic routing protocols utilize random
mobility models. UAV-Assisted VANET Routing Protocol
(UVAR) [53], UAV Search Mission Protocol (USMP)
presented for swarming UAVs to improve the search
performance [54], and Greedy forwarding geographical
routing on the Internet of Drones [55] exploit random
mobility models in simulation. A reliable link-adaptive
position-based routing protocol (RLPR) is proposed in [56]
that establishes high connectivity level by selecting the relay
nodes based on energy level, signal strength, and relative
speed. Another greedy routing protocol, Geographic Position
Mobility Oriented Routing (GPMOR) [57] employs the gauss
markov mobility model and rectifies the issues associated
with random models. Consequently, the aircraft UAV
opportunistic routing protocols Location-Aware Routing for
Opportunistic  Delay Tolerant (LAROD) [58] and
Aeronautical Routing Protocol (AeroRP) [59] maximizes the
communication efficiency by successfully delivering the
packets using store and carry forward mechanisms. Such
models incorporate simple random mobility patterns for
evaluation. The drone UAV protocols Cross-layer Link
quality and Geographical-aware beaconless opportunistic

©EverScience Publications 645
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routing protocol (XLinGo) [60], Location-aided delay-tolerant
routing (LADTR) [61], Vehicle-Drone hybrid vehicular ad
hoc Network (VDNet) [62], Connectivity-based Traffic
Density Aware Routing using UAVs (CRUV) [63], and All

analysis.

opportunistic routing for FANETs (CORF) [65] exploits the
shortest path map-based mobility pattern for performance
Table 6 discusses the various mobility models
applied to geographic routing protocols proposed for UAV

Neighbors Opportunistic Routing (ANOR) [64] use simple networks.
random movement patterns. In contrast, the course-aware
Mobility Types Description Moving Speed Collisions | Applicati | Conne | Deplo
Models Direction on Type | ctivity | yment
Random Brownian motion- | Random and | Uniform Not Random No 2D
WayPoint based mobility | unrealistic selection avoided Flight
prediction
Random Brownian motion- | Random and | Random Not Patrolling | No 2D
Walk based mobility | unrealistic selection avoided services
prediction,  pause
Pure time, and random
Randomized destination
selection
Random Unrealistic Random and | Random Not Reconnais | No 2D
Direction movement patterns | unrealistic selection avoided sance
services
Manhattan | Using grid | The Uniform Not Monitorin | No 2D
Grid topology and | probabilistic | selection avoided g traffic
suitable  for the | method events
urban area based
movement
selection
Boundless | Maximum  angle | Unobstructed | Uniform Not Random No 3D
Simulation | based speed | uniform selection avoided search
Area selection movements
Time- in the
dependent simulation
area
Gauss— Gaussian Unrealistic Random Not Unpredict | No 3D
Markov distribution based | movement Selection | avoided able
random speed | patterns mission
selection operations
Smooth Capturing smooth | Trajectory Uniform Not Hovering | No 3D
Turn movement patterns | based selection avoided on a target
of UAVs movements
Semi- Introduced for | Uniform Uniform Partially Scanning | No 2D
Random curved movement | over a circle | selection avoided aregion
Circular scenarios of UAV and
Movement unrealistic
Path- Paparazzi Stochastic mobility | Comprises Uniform Not Mission No 2D
planned mobility model Six selection avoided specific
model movement
patterns
(Random
and uniform)
Column Including a spatial | Smooth turns | Uniform Partially Cooperati | Yes 3D
constraint among | and realistic | selection avoided ve
mobile nodes missions
Group Nomadic UAVs move within | Random Uniform Not Providing | No 3D
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mobility Communit | a maximum | movements selection avoided network
y distance coverage
Pursue Move towards a | Random Uniform Not Agricultur | No 3D
particular target movements selection avoided e
Distributed | Robustness to | Random and | Uniform Not Realistic No 3D
Pheromone | random UAVs to | realistic selection avoided mission
Repel determine the | movements
hostile
environments
Self- UAVs covers a | Uniform and | Uniform Partially Recoverin | Yes 2D
Deployable | huge number of | unrealistic selection avoided g
Topology- Point humans for | movement connectivi
control Coverage connectivity in | patterns ty
disaster areas
Mission A pre-defined | Uniform and | Uniform Partially Mission No 2D
planbased | flying idea is | realistic selection avoided specific
designed to achieve | movements
the mission
application targets
Self- The UAVs perform | Random Randomly | Not Disaster No 2D
Deployable | the mission-critical | realistic chosen avoided mission
Point disaster movements region
Coverage applications
Table 5Mobility Models for UAV and FANET
Routing Type of Flying | Category Routing Objective Mobility Advantages
Protocol Object Model

UAV-Assisted | Mobile  flying To maximize data routing | Random walk | Amplifies the routing

VANETS vehicles and connectivity of the reliability and

routing vehicles using UAVs connectivity under

protocol [53] sparse vehicle scenario

UAV Search | Drones To Improves search | Random Walk | Swarming UAVs can

Mission performance collect data through

Protocol routing to locate the

(USMP) [54] UAV and avoids

explicit location
updates.

Geographical | Drones To analyze the geographic | Random High end-to-end

routing on the routing performance on | model packet delivery ratio

Internet  of the internet of drones

Drones [55]

RLPR [56] UAV The  relative  speed, | Random Highly reliable under a
energy, and signal | model highly dynamic
strength based reliable environment

Greedy routing
Routing
GPMOR[57] | VAV Greedy Future movement- | Gauss—Markov | Gaussian Markov
Routing oriented reliable routing mobility model usage
tends to select an
optimal relay.

LAROD [58] | UAV To use store-and-carry | Random and | Better delivery ratio
forward technique and on | pheromone and less  routing
improving model overhead.
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communication
efficiency.
AeroRP [59] | Test Aircrafts Geographical delay- | Random To hold the data
tolerant routing protocol Waypoint packet, the efficient
next-hops are selected
XLinGo [60] | Mobile FANET To improve the | Random Dynamic Forwarding
Nodes transmission of | Waypoint Delay is wused for
simultaneous multiple selecting an optimal
video flow over FANETS. relay node.
LADTR [61] | Drone and It aims to minimize the | Gauss-Markov | Enhances the contact
Ferry UAVs Opportuni | data forwarding delay by rate between the UAV
stic introducing ferry UAVs nodes in post-disaster
Routing applications
VDNet [62] Quadrotor To guarantee  highly | Random Maximizes the
Drones efficient data transmission | model efficiency of data
message delivery
CRUV [63] Drones Greedy To find the shortest and | Random walk | Enhances the routing
and the most reliable routing performance by
opportunis | paths for message selecting the UAVs at
tic delivery intermediate nodes
ANOR [64] Small drones Enhances the  WSN | Multiple UAV | High packet delivery
routing by introducing | mobility ratio with minimum
opportunistic routing | models delay
using UAVs
COREF [65] Drones Maximizes the relay | Shortest Path | High message relaying
selection for  better | Map-Based reliability
routing Movement

Table 6 Mobility Models Applied to Geographical Routing in UAV and FANET

3.3. Mobility Models for WSN

In a general setting, the sensor nodes and sink are stable and
static in WSN. The mobility is WSN depends on a specific
application environment, and a small set of nodes act as a
mobile. Many research efforts have been dedicated to
modeling mobile sensor devices with stable and mobile sink
[66][67]. Sink mobility potentially leads to a better solution.
The MANET mobility models are applied for modeling the
movement behavior of sensor devices. However, the sink
mobility modeling is different from the mobility models of
mobile sensors. The conventional sink mobility models are
designed in both controllable and uncontrollable manner. The
controllable sink mobility countermeasures the issues of
mobility, trajectory design, and sink movement-based routing.
Moreover, the manageable sink mobility models are further
categorized into the unrestricted model and restricted
geographic model. The uncontrollable sink mobility focuses
on issues such as location maintenance and routing.
Depending on the movement of the mobile sink, the mobility
model is further divided into a random and a social mobility
model. The current research mainly focuses on random
mobility compared to the social mobility models.

Uncontrollable and Controllable Mobility Models: WSN
adapts the random mobility models of MANET to model the
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uncontrollable movement behavior of sensors and sink. A
routing technique is essential for the sink location update and
data delivery when the sink mobility is uncontrollable. The
controllable mobility models shift the focus from dynamic
routing decisions to speed control and trajectory design
related to different mobility models.

The possibility of pre-scheduling of data reporting and
location updating over controllable mobility behavior reduces
the challenges of routing protocol design. Once the sink
mobility trajectory is defined, the sink traverses along the path
for data collection. The adjustment over sink speed based on
the sensory data buffering of nearby sensors ensures the best
environment monitoring.

Table 7 describes examples of mobility models. On the one
hand, the movement speed of the sink and its pause time
becomes essential since it is essential to maintain a better
tradeoff between data latency and data collection efficiency.
Alternatively, trajectory design is another crucial issue. There
is a need for a joint solution of data routing and motion
control optimization.

Moreover, the routing problem is solved by the one hop,
multihop, bounded hop, cluster, theoretical scheduling, and
data buffering based routing decision, as discussed in table 8.
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Schemes Mobility Sub-Type Characteristic Challenges
MULE based Simple The movement cannot | No information on node
Analytical Model [68] and | Un- Random be pre-defined location and Routing
Zebra Net [69] controllable
Car Tel and TrainSense [70] Pre-defined Nodes move along the | Speed Control and data
Path pre-defined path collection
Elevator-Assisted Sensor Data | Controllable | Pre-defined Node move along with | Trajectory design
Collection (EADC) [71] Location a pre-defined set of
locations
Robot Localization [72] and Unrestricted No constraints Motion  control and
MiNT-m [73] Movement routing
Table 7 Types and Examples of Mobility Models in WSN
Mechanism No of Speed/ Trajec | Traffic Routing Model
Sinks Control tory
Simple Analytical Model [74] Slow mobility/ | None Dynamic | One Hop Distributed
None
Energy Efficient Scheme [75] Fast mobility/ | Yes Static Theoretical | Centralized
None Scheduling
Two-Tier Data Dissemination Slow mobility/ | None Dynamic | Grid Distributed
(TTDD) [76] Multiple | None
Hierarchical Cluster-based Slow mobility/ | None Dynamic | Cluster Distributed
Data Dissemination (HCDD) None
[77]
Data Mules[78] Slow mobility/ | None Dynamic | Load Centralized
None Balancing
MILP and GMRE [79] Slow mobility/ | None Dynamic | Shortest Centralized and
None Distributed
Provably Optimal Algorithm Fast mobility/ | Yes Static Theoretical | Centralized
[80] None Scheduling
SenCar [81] Single Slow mobility/ | Yes Dynamic | Multi-hop | Centralized
None
Rendezvous based Approach Slow mobility/ | Yes Dynamic | Data Centralized
[82] None Buffering
BRH-MDG [83] Slow Yes Dynamic | Bounded Distributed
mobility/None Hop

Table 8 Comparison of the Characteristics of Geographical Routing in WSN

3.3.1. Mobility Models Applied to Geographical Routing in

WSN

The WSN utilizes entity and group mobility models in
general. The nodes are located in the known location in
modeling WSN, especially in forest monitoring applications.
The unknown nodes are dropped from a plane onto the forest,
and sensors are appended to animals or humans in the area.
The sensor nodes have to get precise location information
when the information is collected from several sensors.
However, the research conducted on the random mobility
models impact on localization is less. In forest monitoring
environments, the trajectory of sensor nodes that attach to the
animals is irregular. Thus, the random mobility models can
mimic the movement behavior of animals in the forest area.
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The random mobility model has less memory usage and
generates unrealistic movements, including sudden speed and
movement direction changes. The mobile nodes follow a
restricted movement in the simulation area since it returns to
the origin after a specific time. It can reflect the random
motion of animals in a forest.

In the second scenario, the sensor nodes are deployed along a
river, and the stable sensors are placed on the river banks. To
model these sensor networks, the target and path-finding
models have been widely used. According to the two-phase
process of sensors, such as active and inactive phases, the
sensors have to characterize these movement behavior phases.
The sensors plan to move to a new location during the
inactive phase, either pre-defined or randomly. In the active
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phase, the sensors need to locate in the same area for a
particular time to forward the compressed data to other nodes
or sinks. Several path planning algorithms have recently
impacted localization since the sensors need to localize
themselves to monitor the environment. The static and
dynamic path planning models improve the localization
performance of WSN. A static path planning model decides
the trajectory of sensors in advance. So it is appropriate for
regular terrain, whereas the dynamic path decision according
to the current situation is more suitable for real-time
applications. However, both the path planning models reach

the local optimum. However, both have their disadvantages in
modeling the sensor networks. The other mobile WSN
geographic routing models GRCS [84], Elastic Routing [85],
Stability-aware geographic routing in energy-harvesting WSN
(EH-WSNs) [86], GRACO [87], and Speed Up-Greedy
Perimeter Stateless Routing (SU-GPSR) [88] integrate
random mobility models for performance analysis. Finally,
the Greedy Maximum Residual Energy (GMRE) [89] uses the
controlled mobility pattern. Table 9 provides a comparative
analysis of various mobility models over WSN geographic
routing protocols.

Routing Protocol Category | Routing Objective Mobility Model | Advantages

GRCS [84] To dynamically optimize | Random Cluster and  greedy
the routing path to the | Waypoint model reduce the delay
destination

Elastic Routing [85] Intends to provide superior | Random Energy Efficiency

Greedy support to the mobile sinks | Mobility

GMRE [89] Routing To offer an entirely | Controlled Shortest path routing due

distributed and localized | Mobility to sink mobility

greedy routing solution for

sink mobility
EH-WSNs [86] To provide an unlimited | Random model Reliable maximum
network  lifetime  and speed data transmission

reliable routes selection

GRACO [87]
adjusting  the
situation

Reliable data delivery by

Avoid void holes and
quick data delivery

Random model
blocking

SU-GPSR [88]
routes
density of nodes

To reduce the hop count of
by selecting the

Random Minimizes the number of

hops without
compromising the QoS
of routing

Table 9 Mobility Models Applied to Geographical Routing Techniques over WSNs

3.4. Mobility Models for UWSN

Like ground WSN, the UWSN comprises different sensor
nodes that can collaboratively monitor the specific oceanic
environment. The information gathered from UWSN nodes is
forwarded to a static or mobile surface station. In the UWSN
environment, diverse factors affect the sensor node's mobility
pattern, speed, and direction compared with ground WSN. In
the ground WSN, the sensor nodes are mostly static, and the
mobility of ground WSN sensors is much lower than the
UWSN sensors. In UWSN, the temperature, wind, and power
of water significantly influence sensor node mobility. Thus, it
poses significant challenges in geographic routing the packets
over the UWSN environment. The fundamental WSN routing
protocols are mostly designed for ground WSN, and such
protocols lack to attain nearly realistic performance in
UWSN. A few UWSN routing protocols consider the realistic
mobility patterns of underwater and test in a real-time
environment. Generally, UWSN specific mobility models
relatively lack groundwork. For UWSN simulation, the
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stochastic WMN mobility models are used. A well-known
random walk and random walkway point mobility models are
mostly considered in simulating the UWSN routing protocols.
A Meandering Current Mobility (MCM) model is designed
for UWSNSs, whereas it lacks to consider the current changes
with depth and routing efficiency over time [90]. A restricted
mobility model [91] has been introduced to compute the
ocean depth in which the mobile nodes move with limited
mobility over a floating regime. The restricted mobility model
of Restricted Float Sensor (RFS) offers dynamism among
static and mobile WMNs. However, the RFS does not
consider the realistic mobility patterns of UWSN nodes
presented in various depth areas in which the routing
efficiency is affected by the water power of the ocean.
Moreover, it is crucial to develop mobility models that
consider the characteristics of UWSN for attaining enhanced
routing performance in UWSN specific applications. The
UWSN is a proliferated network, and only a limited number
of mobility models are introduced for UWSNs.
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3.4.1. Mobility Models Applied to Geographical Routing in
UWSN

Unlike WSN, the nodes in UWSN are mobile, and they
approximately move with 2-3m/sec speed to monitor the
various activities of underwater circumstances. The
performance of UWSN routing protocols is dramatically
minimized according to the effect of the realistic movements
of underwater sensors. A practical mobility model can
realistically reflect the accurate movements of underwater
sensor nodes with ocean currents. The random and MCM
mobility models are familiarly used in UWSN. In table 16, the
Vector-based forwarding (VBF) [92], Hop by Hop VBF (HH-
VBF) [93], Reliable and Energy Balanced Algorithm Routing

(REBAR) [94], Directional Flooding based Routing (DFR)
[95], LCAD [96], and Totally Opportunistic Routing
Algorithm (TORA) [97] exploit fundamental random mobility
models. The Sector-Based Routing with Destination Location
Prediction (SBR-DLP) [98] and Depth-Controlled Routing
protocol (DCR) [99] utilize pre-planned movement and
vertical movement trajectories for evaluation, respectively.
Further, the Stateless Opportunistic Routing Protocol (SORP)
[100], Void Aware Pressure Routing (VAPR) [101], and
GEographic and opportunistic  routing with  Depth
Adjustment-based topology control for communication
Recovery (GEDAR) [102] use MCM mobility model. Table
10 discusses the different mobility models applied to
geographical routing in UWSNS.

Routing Protocol Category | Routing Obijective Mobility Advantages
Model
VBF [92] Selecting eligible node | Random Less energy consumption
with Cartesian routing | walk and reliable router selection
Greedy for packet forwarding
HH-VBF [93] Routing Designing hop by hop | Random Duplicate packet reduction
unique virtual pipe | model and less energy consumption
routing
REBAR [94] To optimize energy | Random High scalability and \oid
consumption, improve | movement handling
packet delivery ratio,
and handle void area
DFR [95] Optimized data | Random \Void handling
forwarding strategy by | movement
Eacet_ 'Isienlle(z(s:tlng high-quality
SBR-DLP [98] outing Predicts the location of | Pre-planned | Pre-planned movements
destination for efficient | movement based on destination location
data transmission prediction
LCAD [96] Greedy- Cluster-based two-level | Random Medium scalability
Face- communication
Greedy
SORP [100] Aims to detect void | MCM Minimum energy
area and trapped nodes consumption, packet loss,
and end-to-end delay
Opportuni
TORA[97] stic To avoid horizontal | Random Void handling and
Routing transmission and | walk Optimized energy
prolong the network consumption
lifetime
VAPR [101] To set up each node’s | MCM Guarantees packet delivery
next-hop direction with  the  support  of
based on  surface opportunistic directional
reachability information forwarding
ISSN: 2395-0455 ©EverScience Publications 651
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DCR [99] To enhance the routing | Vertical Drastically reduces the void
efficiency by adjusting | movement regions and improves the
the depth level of nodes data delivery
GEDAR [102] To handle the void | MCM Optimal next-hop selection
Greedy issues by moving the and high packet delivery
opportunis | nodes to an in-depth ratio
tic area by adjusting the
topology

Table 10 Mobility Models Applied to Geographical Routing in UWSNs

3.5. Mobility Models for VANET

The most significant component in simulating the VANET
routing protocol is the mobility model, as the mobility models
in VANET mimic traffic behavior on the road. It is essential
to employ realistic mobility patterns in simulation to reflect
the real-time VANET performance [16]. The inherent
restriction of vehicle mobility on a road topology is a
significant implication of VANET mobility models.
Conventionally, VANET has used some specific mobility
models like a random pattern; graph constrained mobility
models. However, these models do not reflect road traffic
behavior realistically due to the ignorance of road
intersection, traffic lights, speed acceleration and deceleration
regarding neighbor vehicles, and driver behavior such as
overtaking and lane changing. The realistic VANET mobility
models should incorporate realistic topological maps that
reflect the diverse road densities and various streets with
diverse speed limits. Consequently, roadside obstacles are
another critical parameter in designing the VANET mobility
model. The mobility models of VANET have been classified
into macroscopic, microscopic, and mesoscopic models.
Macroscopic models deal with vehicle distribution modeling,
whereas the microscopic model considers the vehicle position,
speed, and acceleration. Moreover, the mesoscopic models
apply aggregation over the movements of different nodes.

Random-based Mobility Model: The random models are
simple mobility model proposed for multihop wireless
networks. In such type, the mobility parameters such as node
speed and destination point are randomly selected in the
simulation. The familiar random VANET mobility models are
random waypoint, reference point group, freeway, Manhattan,
car flow, and intelligent driver models. However, the random
models are inappropriate for the vehicular environment, as
they lack to reflect the realistic vehicular characteristics such
as real-time road map and others that have a high impact on
the VANET routing performance. The random mobility
models of VANET have been classified into microscopic and
macroscopic. Macroscopic models deal with vehicle
distribution modeling, whereas the microscopic model
considers the wvehicle position, speed, and acceleration.
Compared to the macro mobility models, the microscopic
models are suitable for modeling the VANET topology.
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Flow-based Mobility Model: The flow-based models utilize
a probability density function to model the movement patterns
of a single vehicle or group of vehicles. The group of mobility
models is further categorized into macroscopic and
mesoscopic. The macroscopic models handle the vehicle
distribution functions, and the mesoscopic models apply
aggregation over the movements of different nodes. The gas
kinetic traffic model is an example of mesoscopic models.
Moreover, the mesoscopic models are highly fit to model the
VANET environment than the macroscopic models.

Traffic-based Mobility Model: The traffic models exploit
the real-time traffic situation such as intersection points,
traffic lights, and other traffic rules in modeling the
movements of vehicles. The traffic model highly deviates
from the flow model, as the flow model considers the
intersections and traffic lights as obstacles during modeling.
Unlike the flow model, the traffic model considers the
realistic traffic characteristics in the movement path design of
vehicles. Further, the traffic model is categorized into agent-
centric and flow-centric. The agent-centric model constructs a
distinct path to every vehicle, whereas the flow-centric model
creates a subset of paths for vehicles. The agent-centric
models are highly efficient than the flow-centric models due
to their less complexity.

Behavioral-based Mobility Model: Generally, the drivers
are humans in real-time VANET, and they cannot follow the
same behavior during driving. The drivers change their
driving characteristics based on the local VANET parameters.
The behavioral-based models consider the behavior factors
that influence the driver's decision-making during the
movement path design.

Trace-based Mobility Model: Instead of developing
complex movement patterns, the trace-based models trace the
realistic movement of vehicles. By extracting the original
mobility traces from a real-time VANET environment and
maximizing efficiency, trace models have been highly
employed in recent days. Moreover, the trace-based models
achieve proper realism during the simulation.

Based on the scope functions and characteristics, the VANET
mobility models are segregated into five main categories:
random-based, flow-based, traffic-based, behavioral-based,

©EverScience Publications 652



International Journal of Computer Networks and Applications (IJCNA)
Volume 8, Issue 5, September — October (2021)

DOI: 10.22247/ijcna/2021/209993

SURVEY ARTICLE

and trace-based, as depicted in table 11. The random waypoint
is a simple model that allows the mobile nodes to move freely
in the network without any limitations. However, sudden
speed and direction changes turn problems in modeling the
vehicle's movement behavior on the road. A node could not
wholly follow the random mobility model in real-time, but the
node mobility can be predictable. Some specific tools are
designed for VANET to generate controllable movement on
the road. For example, the macroscopic MObility model
generator for the VEhicular ad hoc network (MOVE) makes
realistic mobility models in VANET. The visualization and
trace property of MOVE shows and traces the movement

behavior of vehicle nodes on the road. This mobility generator
tool works with the micro simulator traffic model, named
SUMO. The MOVE includes the road map and vehicle
movement editor. By creating and editing the road map
topology automatically or manually using the map editor, the
MOVE generates the simulation model nearly equal to the
real-time scenario. The vehicle movement editor traces the
movement, and the micro-mobility features model the single-
vehicle behavior based on the neighboring vehicles. This
feature leads the MOVE to model a more realistic road
topology with vehicle movement behavior.

Type Subtype Examples Interaction Level Suitable Scenario
. . RWM, RPGM, Freeway
Random Microscopic Model No Safety and comfort
traveling
Macroscopic CFM, IDM, CA Model
Macroscopic Flow LWR Model ;
Flow [16] Small Safewl?‘”‘:.”aﬁ'c
. The gas kinetic traffic applications
Mesoscopic Flow
flow model
Traffic [103] No SUMO and CORSIM Real Traffic and safety
Behavioral [104] No Balmer Model Real Traffic and comfort
Trace Based [105] No UDel MI\(/IJSZI(;IMMTS Real Safety and Comfort

Table 11 Characteristics of Mobility Models in VANET

3.5.1. Mobility Models Applied for Geographical Routing in
VANET

Vehicular communication becomes essential in the intelligent
transport system, and it is used in applications from safety to
easy travel on the road. The physical motion of vehicle
characteristics is mostly emulated by the mobility models
under the category of motion. Vehicular communication
includes vehicle-to-infrastructure and vehicle-to-vehicle
communication. These communications are involved in travel
time prediction, information dissemination, and congestion
management. According to the road map topology, the
mobility models should emulate the vehicle movement along
a road, speed changes, movement in a direction, and stops at
traffic signals. In the design of vehicle movement behavior,
mostly the vehicles move along the shortest trajectory on the
road. The trace-based mobility models collect the mobility
traces and extract the mobility patterns of vehicles. The trace
analysis assists in capturing the daily life movement of
humans using vehicles on the road. Moreover, the movement
of vehicles and their stay time at a given location depends on
the time.

Nowadays, complex road models are another issue in VANET
communication. It is challenging to model the road topology
with traffic signs, signals, and obstacles such as bridges and
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overpasses. For instance, the STreet RAndom Waypoint
(STRAW) [106] considers the complex intersections, traffic
signs, and signals for modeling the VANET topology. The
trajectory design considering the mobility parameters alone
cannot emulate the real-time vehicle movement behavior on
the road. However, it cannot meet specific QoS requirements
like drivers’ dynamic decisions based on road topology. The
fuzzy-assisted social-based routing (FAST) protocol [107]
considers the social behavior of drivers on the road. The usage
of global knowledge is essential for building vehicular traffic
information that takes critical mobility decisions at
intersections. The Vehicle-Assisted Data Delivery (VADD)
[108] exploits a real street map to derive the street layout and
route selection. The Prediction-based Soft Routing Protocol
(PSR) [109] collects mobility traces from more than 4,000
taxies in Shanghai over six months and identifies the
Vehicular Mobility Pattern (VMP) Markov model scheme.
Adaptation of mobility models to geographical routing over
VANETS is discussed in table 18. Different type of VANET
geographic routing protocols utilizes diverse mobility models
for evaluation. For example, the GPCR [110], A-STAR [111],
and GyTAR [112] employ macro, M-grid, and proprietary
mobility models, respectively. The works like CAR [113] and
Greedy Routing with Abstract Neighbor Table (GRANT)
[114] use the car mobility model. Further, the trace-based,
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obstacle based, stochastic, and Manhattan mobility models are
Distance-Vector-Based Recovery-Strategy
(PBR-DV) [115], Junction-Based Routing (JBR) [116],
VADD [108], and Opportunity routing protocol for data
forwarding based on vehicle mobility Association (OVMA)
[117] respectively. Further, simple random models are
utilized in GeOpps [118], Hybrid opportunistic, and position-

employed in

based routing protocol [119]. Moreover, the realistic mobility

patterns are widely exploited in most of the VANET
geographic routing protocols like LOUVRE [120], Location
and Direction Aware Opportunistic Routing (LDAOR) [121],
SCAOR [122], Probability prediction-based reliable and
efficient opportunistic routing (PRO) [123], and 3-Parameter
Routing Cost Function based opportunistic routing [124].
Table 12 illustrates the mobility models applied to VANETS.

Routing Protocol | Category Routing Objective Mobility Advantages
Model
GPCR [110] To improves the recovery strategy | Macro mobility | It can suppress the graph
of geographic forwarding | Model planarization issues
algorithms
CAR [113] Routing protocol for inter-vehicle | Car ~ mobility | Error Recovery process
communication to provide | model
scalability with low overhead
LOUVRE [120] To provide guaranteeing a correct | Realistic Less delay over Overlay
delivery of each packet mobility model | routes
A-STAR [111] Packet delivery based on anchor | M-Grid Suitable for city traffic
path with high connectivity Mobility Model | environment
GyTAR [112] Robust route evaluation based on | Proprietary Intersection usage in
intersection geographic routing Model mobility behavior decision
GRANT [114] Greedy To select the best route by | Car mobility | Minimum network
avoiding local maximum model overhead
PBR-DV [115] Exploits the advantage of greedy | Trace based Local maximum avoidance
and ad hoc on-demand routing
JBR [116] It aims to enhance the routing | Obstacle No need for an extra
performance by utilizing the | Mobility Model | beacon message
greedy junction vehicles
GeOpps [118] To efficiently select the next | Random Reliable Data Delivery
packet carrier Mobility Model
VADD [108] To forward the packets with | Stochastic Emulating a realistic city
minimum delay mobility model | environment
OVMA[117] Optimizes the routing efficiency | Manhattan Amplified routing
by making routing decisions | Mobility Model | efficiency extended
based on the vehicle density network lifetime
LDAOR [121] To select the best routers by | Map-based High data delivery rate with
taking into account multiple | movements minimum overhead
influencing factors
SCAOR [122] Opportuni | To  alleviate  collisions  and | Realistic Improves  the  packet
stic improve the efficiency of routing | movement delivery ratio and reduces
patterns the collision probability
PRO [123] To select the best relaying set | Realistic High network throughput
based on a relaying probability with minimum delay
prediction value
3-Parameter To propose a new measure | Real vehicle Best forwarding  node
Routing [124] designed using multiple | movement selection maximizes the
parameters for candidate set | patterns opportunistic routing
selection performance
ISSN: 2395-0455 ©EverScience Publications 654
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Hybrid Greedy Selecting optimal routers using Random Routing process effectively
opportunistic and the greedy and opportunistic direction removes the expired nodes
routing protocol opportunis | routing combination

[119] tic

Table 12 Mobility Models Applied to Geographical Routing Techniques in VANETS

3.6. Mobility Models for DTN

The nodes in DTNs deliver the data among a source-
destination pair through mobile relay nodes that
opportunistically forward data using a store and carry forward
mechanism. In DTNs, the movements of mobile nodes
significantly impact the real-time routing performance.
Generally, the DTNs are used for real-time applications, and it
is difficult to analyze the realistic performance of DTN
protocols. Before implementing real-world applications, the
DTN routing performance is estimated using a simulator with
diverse mobility models. For an accurate evaluation, the
mobility models can reflect the real-time movement patterns

of mobile nodes [125]. Many conventional mobility models
designed for WMNs are widely exploited for assisting the
most straightforward DTN protocol evaluation [126]. Such
conventional mobility models incorporate some significant
mobility characteristics, whereas they lack to capture the
realistic movements of nodes in different DTN applications,
resulting in reduced routing performance. The DTN mobility
models are mainly classified into four types: random mobility
models, map-constrained mobility models, social mobility
models, and composite mobility models [127]. The DTN
mobility models are analyzed in table 13.

Mobility Models Type Movement Pause Speed Direction
Pattern Time
Random Waypoint Random  and | No Random Random
unrealistic
Random Walkway | Random mobility |"Random Yes Uniform Uniform
Point models
Random Direction Random Yes Random Random
Levy Walks Realistic Yes Uniform Uniform
Map-Based Random Yes Uniform Uniform
Shortest Path-Based Map-constrained Random Yes Uniform Uniform
Route-Based Map mobility models Random Yes Uniform Uniform
Manhattan Random Yes Uniform Uniform
Community-Based Based on social | Yes Uniform Intrinsic derived
activities from the target
Time-Variant Based on | Yes Uniform Uniform
Community position
SOCiaI moblllty preference
Working Day | Models Based on | Yes Uniform Uniform
Movement routine day
activities
General Social Based on social | Yes Uniform Uniform
activities
Self-similar Least- Based on | Yes Intrinsic derived | Uniform
Action Walk Composite Individual walk from the target
Post-Disaster Mobility | mobility models Based on the | Yes Uniform Uniform
specific part of
the city
Localized Random Local based Yes Uniform Uniform
Walk
Contact Graph Correlated Yes Uniform Uniform

ISSN: 2395-0455

Table 13 Analysis of Various DTN Mobility Models
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The random walk mobility models are highly suitable for
simple routing protocols designed based on distance and time,
as they generate random mobility patterns using the Brownian
motion model. The RWP mobility model is utilized to study
the simulation performance of DTN protocols. It provides
flexibility to produce realistic mobility patterns like human
movements in real-time. The disadvantage of a random
walkway point is that the node moves along a straight line
until selecting the next destination. The random direction
avoids the issues in random walkway points. The levy walk
model estimates the movement lengths based on power-law
distribution. The map-based mobility models reflect the
mobility pattern of the practical trace environment and attain
high performance in the simulation. The social and
composite-based mobility models include the human
movement characteristics over a particular region, such as
conferences, museums, and others. Such a model improves

mobility prediction accuracy and DTN protocol performance
in the simulation. The working day movement (WDM) [128],
Agenda driven mobility model (ADMM) [129], and SAME
[130] are map-based mobility models. Consequently,
Sociological orbit aware location approximation and routing
(SOLAR) [131], Time-variant community model (TVCM)
[132], and Self-Similar Least Action Walk (SLAW) [133] are
location-based mobility models. Further, the Home cell
community mobility model (HCMM) [134] and the Enhance
community mobility model (ECMM) [135] are examples of
community-based mobility models. Finally, the sociological
mobility models are Sociological interaction mobility for
population simulation (SIMPS) [136], GeSoMo [137], and
Students Social Based Mobility Model (SSBMM) [138].
Table 14 shows the adaptation of various mobility models to
DTN.

Mobility Model | Mobility Description Advantages Applications
Type
WDM [128] Produce contact and inter contact | Incorporating some | DTN
time distributions sense of hierarchy
ADMM [129] Map-based NHTS about US department and | Modeling social | DTN
Transportation activities and geographic
locations of humans
SAME [130] Customizing student habits on | Sub model based | DTN
campus movement description
SOLAR [131] The deterministic orbital Human movement | DTN-MANET
movement pattern of mobile users | prediction
TVCM [132] Observe the mobility properties Skewed location | DTN
Location- from daily lives to capture the preference and reappear
based effective measurement
SLAW [133] Fractional Gaussian noise based | Individual walker based | DTN
movement prediction movement restrictions
HCMM [134] Probability-based movement | Home cell movement | DTN
Community- | prediction predictions
ECMM [135] based Introducing pause time Group mobility | Mobile social
encouragement network-based
DTN
SIMPS [136] Feedback  based movement | Balances the DTN
decision making the volume of current
Sociological social interactions
GeSoMo [137] Social network-based mobility | Reflect the social | DTN
traces relations of humans
SSBMM [138] The daily routine of student's | Taking into account the | DTN-MANET
mobility prediction mandatory part of life

Table 14 Adaptation of VVarious Mobility Models in DTNs

3.6.1. Mobility Models Applied to Geographical Routing in
DTN

Several geographic-based routing methods are introduced for
DTNs. Some of the models consider the heterogeneous node
movement patterns in designing the DTN mobility models.
The mobility models play a significant role in DTN protocol
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evaluation. Adopting appropriate configuration settings with
the mobility model improves the correctness and efficiency of
routing protocols. The humans are the nodes in several DTN
applications, and they carry wireless mobile devices for
establishing communication. In such an environment, utilizing
random models lack to provide better evaluation results nearer
to realistic traces. The reason is that humans move within a
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social group, and it is crucial to adopt the movements of
humans in the mobility model design. The map-based
mobility models are improved types of fundamental random
models that select destinations randomly. Such a model
integrates the movements of buses and trains, and it cannot

provide results nearly closer to realistic environments. The
DTN social mobility models track the human mobility
patterns in a real-time environment. Tracking human mobility
and adopting such mobility patterns in mobility model design
is a challenging task. Table 15 discusses the various mobility

evaluate human mobility patterns. The community mobility = models  applied to  geographical DTN  routing.
models include diverse social model characteristics and
Routing Protocol Routing Objective Mobility Model Advantages
Vector Routing [139] Utilizing the vector of node | Random  Waypoint | Improve routing efficiency
movements and Manhattan
DGR [140] Reduce false routing decisions | Random Waypoint Solves the local maximum
due to inefficient moving problem
direction
HVR [141] Predicting  the  destination | Random  Waypoint | Accurate data Forwarding
location using history | and Manhattan
information
GSaR [142] Spray based geographic routing | Random Waypoint Handles local maximum issue

and high reliability in data
delivery

TBHGR [143]

heterogeneous networks

Handling local maximum and
providing routing efficiency in

Random Waypoint Heterogeneous node mobility

based geographic routing

selecting long distance path

RoRo-LT[144] Spatiotemporal  history-based | Map-based Replication avoidance
location observation movement
GeoSpray [145] High routing efficiency and | Map-based model Duplication  avoidance in
effective resource utilization packet delivery
AaR [146] Reduce message replication Map-based Solves the local maximum
movement issue
TDOR [147] Trajectory based opportunistic | Map-based Minimize redundant routing
data forwarding overhead
CaD [148] Efficient routing decision Map-based Handling the local maximum
issue
DAER [149] It aims to prevent redundant data | Trace based realistic | Reduce delay in data delivery
transmission model over sparse networks
POR [150] Reduce data replication by | Real traces Minimized redundant

transmission

geoDTN [151] Effectively handles the

local

Trace and real-time | High data delivery in sparse

maximum issue based networks
GeoDTN+Nav [152] Selecting best delay-tolerant | Realistic urban | Enhanced packet delivery
forwarders mobility

Table 15 Mobility Models Applied to Geographical Routing in DTNs

The geographical DTN routing protocols generally utilize
three mobility models: random, map-based, and trace-based
realistic for protocol performance analysis. The Vector
Routing [139], Delegation Geographic Routing (DGR) [140],
History-Based Vector Routing (HVR) [141], Geographic-
Based Spray-and-Relay (GSaR) [142], and The-Best
Geographic-Relay (TBGR) and TBHGR [143] geographic
DTN routing protocols are falling under random mobility
model category. Further, the RoRo-LT [144], GeoSpray
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[145], Approach and Roam (AaR) [146], Trajectory-Driven
Opportunistic Routing (TDOR) [147], and converge-and-
diverge (CaD) [148] protocols employ map-based movement
patterns during simulation. Finally, the trace-based realistic
models are used in the Distance Aware Epidemic Routing
(DAER) [149], Packet Oriented Routing (POR) [150],
geoDTN [151], and GeoDTN+Nav [152]. The LAROD-
LoDiS [52] DTN protocol employs the Pheromone
reconnaissance model for its evaluation.
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4. THE IMPACT OF MOBILITY ON LOCATION
UPDATE SCHEMES IN GEOGRAPHICAL ROUTING
TECHNIQUES IN MWNS

The essential factor in geographic routing is the utilization of
node position information. Though geographic routing is
attractive, it is necessary to maintain the list of one-hop
neighboring nodes accurately. Thus, every router needs to
update its position to the one-hop neighbors. To reduce the
location uncertainty, each mobile node has to report its
original location from time to time. However, if the frequency
of node mobility is low, the nodes waste their resources by
processing the location update service frequently. On the
other hand, if the nodes do not perform the location update
frequently, inaccurate location information may be used by
them for packet routing results in a waste of network
bandwidth and routing failure. Thus, a scalable location
service is essential for geographical routing [153]. The
location update schemes differ depending on the mobility
model supported by the network. This section discusses the
location update schemes supported by various MWNSs such as
MANET, WSN, VANET, UWSN, FANET, and DTN.

4.1. Location Services

The central problem of location update service is to devise
algorithms that minimize routing overhead and improve
location information accuracy. Every node in the network is
responsible for maintaining its location information to reduce
the routing cost or overhead by considering the advantage of
the mobility pattern. Location service is accountable for
providing the location of a destination node to route the data
packets efficiently. A node obtains the location information
from the location service when it demands data
communication. This service not only gets the location of the
destination, but it also needs to update its neighbor list
information for packet routing to the identified destination.
However, the design of location services and location update
schemes suitable for all mobile environments is challenging.
As the frequent location update to the servers and neighboring
nodes lead to high routing overhead, the rate of network
scalability and node mobility linearly degrades the efficiency
of geographic routing protocol. The performance of the
mobility model on scalable location services is evaluated in
[154].

Types of Location Services: The geographic routing
protocols employ location servers for the sources to obtain the
location of the destination. Each node updates its location
information to the location servers using a handful of
messages to achieve this. Several location services have been
used for geographical routing to obtain location information.
The negative impact of node mobility is high on the location
server while maintaining an accurate neighbor list at each
node in the network. Generally, the location services for
MWNs have been categorized into two types: infrastructure-
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less and infrastructure-based services. In both types, the
flooding and mapping-based location services are utilized for
location updating.

Flooding Based Location Service: The flooding-based
location update method is classified into proactive and
reactive approaches. The proactive location services
proactively compute the location of nodes that are in the
network. In that, every node broadcasts its location
information to others periodically.

Mapping Based Location Service: The mapping-based
location update is divided into quorum and hashing-based
location services. The quorum-based location service
replicates the location information in multiple location
servers. A node that needs to forward the data packet to the
particular destination transmits the query packets to the
distributed location servers for identifying the position
information of the destination. The mobile nodes or the
location servers are dispersed in the network to improve the
routing performance.

4.2. Location Update Schemes

Even the source node obtains the destination location of the
infrastructure-based or infrastructure-less location servers,
and each node maintains the local topology information for
routing the data packets towards the destination to reduce the
location overhead. To reduce the local topology information
uncertainty, each node in the network needs to update its
neighbor list periodically. The location update services start
with the hello or beacon packets to neighboring nodes in the
communication range. The location services are classified into
static and dynamic location update scheme based on the
environment. In the static location update schemes, each node
sends the information update messages to others in the
communication range. However, in a dynamic location update
scheme, the node mobility factors such as distance, speed, and
time are considered. The performance of location update
schemes depends only on the mobility model used in the
simulation but is not based on the network characteristics.
Thus, this section lists the commonly used location update
schemes in Table 16.

Distance-Based Beaconing: Each node predicts the distance;
it moves and updates the location information in their
neighboring nodes when the original distance moved exceeds
the threshold range. In other words, a node sends the
information update packets when it is moved more than the
specified distance level to avoid outdated location
information. The node removes the location information of
another node when it does not receive the information update
packets from the neighboring node while it moves more than
the specified distance. Mostly the distance threshold
determination mechanism employs linear, symmetric, and
iterative approaches.
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In a predictive distance-based information update scheme,
each node sends the beacon packets, including location and
mobile speed. The prediction schemes use the probability
density function to predict the location of a neighboring node
after its mobility. However, the capture of the correlation of
the node velocity is varied under different scenarios.

Speed Based Beaconing: The dynamic nature of network
topology and node speed affects the node’s prediction
capability, which leads to packet routing failure. With
constant node mobility, node mobility prediction is easy, but
it is difficult under an environment where the mobile nodes
have different speeds. The node speed-based beacon
broadcasting has commonly named speed-based beaconing. In

that, the beacon interval range is predefined based on the node
velocity. The expired location information is identified by
applying the beacon time-out interval. Piggybacking is
utilized to transfer the time-out interval values through
information update packets. The time-out interval is compared
with its own when it receives the beacon packet, and it selects
the short time-out interval value for providing precise location
information. Thus, a low-speed node selects the short beacon
time-out interval for the fast-moving neighbors, and hence, it
can solve the first problem presented in the distance-based
beaconing. However, a fast-moving node may not detect the
slow nodes under a widely varying network topology in
speed-based beaconing.

Location Optimization Update
Update Scheme Metrics Mechanism Merits Demerits
Continuous No Flooding Accurate Location | High routing overhead
Beaconing information
Distance Distance Only high mobile nodes | High routing overhead in
Threshold broadcast beacons frequently | group mobility model
Time Fixed Interval | Support individual mobility | Not support delay-sensitive
Dynamic model with constant time applications
Beaconing Speed Distance Support randomly moving | Reduces network
Threshold nodes connectivity
State Transmission | In high traffic network, | Cannot predict the local
state routing overhead is reduced | maximum problem

Table 16 Location Update Schemes in Geographical Routing

Reactive Beaconing: The source node floods the information
update packets to its nearby nodes on demand in reactive
beaconing. Each node ensures the neighbor list accuracy
before initiating the data forwarding. A node in the
communication range can overhear the request packet sent
from one node to another and updates its neighboring nodes
[155]. The beaconing is commenced when the beaconing
interval exceeds the time difference between the current and
last beaconing receiving time. Thus, it reduces the routing
overhead significantly. The beaconing commences when a
node moves beyond a particular area, and the data packets are
delivered promptly. However, high routing overhead and
failure to predict the local maximum due to the beaconing
limitation to one-hop neighbors are significant challenges in
reactive beaconing.

Time-Based Beaconing: In this scheme, each node updates
the neighbor list information periodically [156]. The
determination of the beaconing interval is challenging to
design under dynamic network topology. For implementation,
existing works set the timer for the beaconing interval at each
node by hardware or software. The mobile node does not need
to update the location information during the time between
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update intervals. It reduces the routing overhead than other
beaconing schemes. Instead of using a constant beaconing
interval, this approach varies the interval time based on
mobility and traffic load rate. The main drawback of time-
based beaconing is generating unwanted beacons for each
time interval, even under a low mobility network. This
mechanism is not appropriate for delay-sensitive applications.
Thus, the linear model based time determination performs
better than the constant time-based location update under
various scenarios.

4.3. Mobility Adaptive Location Update Schemes

Based on different mobility patterns, [157] conducts a
simulation to demonstrate the impact of location error on
GPSR performance in the MANET environment. Adaptive
position update schemes can significantly improve routing
performance [158]. The main issues resulting from the
unpredictable node mobility are loop formation and link loss,
and the impact of various mobility patterns is different for
multiple scenarios. Inflexible beaconing for various mobility
models increased the stale information in the local topology
cache, and some of the routing protocols have been proposed
to mitigate the beaconing effect on location inaccuracy. The
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Neighbor Position Verification (NPV) [159] enables the fully
distributed location service without trusted nodes in the
network. Every node quickly verifies the node position
information using local observations, but they do not make
any lengthy interaction. However, the beacon broadcasting
strategy becomes less efficient under a highly dynamic
network topology.

4.3.1. Need for Mobility Adaptive Location Update Schemes

Every beacon packet includes the position update information
and their speed in the network. However, there is no solution
to control the routing overhead and traffic rate. The beacon
packet generation significantly increases with the node
mobility rate, and it stimulates a high routing overhead and
communication cost in the network. The mobility adaptive
location update scheme alters the beacon broadcast interval
based on the dynamics of node mobility. Also, the external
location service needs to identify the position information of
mobile nodes that consumes high power. A high-frequency
beaconing strategy such as APU maintains the accurate local
map for its neighboring nodes to alleviate node mobility
impact on routing. For example, Predictive location-based
schemes improve the QoS [160], and the Adaptive Position
Update (APU) scheme [158] employs on-demand learning
and mobility prediction effectively.

4.3.2. Mobility Prediction Schemes

A new approach to track the node mobility in the network is
mobility prediction. The main feature of the APU is the
mobility prediction that follows the node movement when it is
not receiving the beacon update packets until the beaconing
interval is timed out. Thus, the node mobility prediction
supports maintaining the right nodes’ topology information.
The APU scheme in [158] uses linear kinetic equations for
determining the beacon interval and beaconing timeout
interval. Also, it considers other routing metrics that are
obtained during the last beaconing. The mobile node finds the
original location information after its movement and
compares it with the predicted value. Then, it sends the
location update packets to its neighboring nodes when the
actual location profoundly deviates from the expected value.

The mobile nodes do not broadcast the beacon packets until
the deviation exceeds the measured Acceptable Error Range
(AER). The determination of AER considers the routing
metrics such as node communication range and node energy.
Thus, the location deviation within the AER range is
tolerable, even with the high-frequency mobile nodes. The
node ensures the accuracy of the neighbor list when
overhearing the data transmission. The user mobility models
are classified, and state that mobility attributes to predict node
mobility in the network is complex under frequently changing
network topology. According to the last beaconing
information, such as the node’s location and velocity, the
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Gauss-Markov model updates the local topology cache. There
are three methods to predict node mobility in a MANET
environment: physical topology, movement history, and
logical topology-based mobility prediction.

Movement History-Based Mobility Prediction: This
approach maintains the history of node mobility information
and predicts the location of a node in the future [161]. It is
employed to pre-allocate the network resources, packet
routing and assigns the data routing at the predicted new
location. However, in the case of unpredictable or inaccurate
predictions, the history-based mobility prediction is not
appropriate. The movement history-based approaches use
different mobility metrics such as movement circle,
movement tracking, and Markov chain mobility model for
modeling the behavior of node mobility. The regularity of
human movement over a period is measured from the
movement history. However, it is challenging to support high-
quality MANET applications using movement history-based
mobility prediction mechanism, for instance, mobile
applications such as military, disaster areas, and emergency
searching applications.

Physical Topology Based Mobility Prediction: This
algorithm uses MANET and GPS receiver characteristics,
which are used to obtain the original location information and
node’s mobility information [162]. A node may not wholly
follow the random mobility model in real-time, but the node
mobility can be predictable. The link expiration time and link
availability time are the main metrics to predict the network
topology state in the future. It reconstructs the communication
route before the link disconnection without incurring a high
routing overhead. In a MANET, the wireless link between
two nodes in the communication range is formed. The
mobility prediction is based on the link expiration time of the
wireless link established between mobile nodes. The
expiration time of a routing path is determined using the
measured link expiration time. A new route is configured
before the estimated link is disconnected. However, the main
drawback of the link estimation-based mobility prediction is
that it needs accurate mobility and location information.
Another metric utilized to predict the future status of wireless
links is probabilistic link availability. The link availability
refers to the activation time of a wireless connection between
two mobile nodes within the communication range of each
node. These schemes achieve better routing performance
under less volatile environments, leading to high routing
overhead under highly volatile environments.

Group Mobility and Network Partition Prediction: Mobile
nodes follow different mobility models in the group mobility
model. It divides the network into several sub-networks. The
network partition time is predicted to enhance the efficiency
of the routing protocol and avoids the problems incurred by
the network partition. The randomly located nodes are
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grouped for group motion, and a group leader allows each
node randomly located in the region of the reference point to
move in the network in a controlled manner. In a network, the
mobile nodes contain several mobility models, and in which
the mobile nodes are dispersed and intermixed. The separated
time of the sub network can be estimated for any node under
any mobility model.

Cluster-Based Mobility Prediction: Each node belongs to
the cluster, and this approach defines the node’s position for
the cluster head it belongs to [163]. To attain accurate
mobility prediction, it restricts the high probability cluster
change areas. Moreover, it divides the cluster into three areas:
high cluster change, low cluster change, and no cluster
change. In no cluster change region includes nodes located in
the communication range. The nodes in the no-changed
cluster do not satisfy the conditions for obtaining membership
in other neighbor clusters. The low cluster change region
contains the reachable nodes by all the nodes in each cluster.

The change probability of these clusters is very low. The high
cluster change area includes the nodes that are unreachable by
any node in the network.

Evidence-Based Mobility Prediction: In [164], contextual
information is utilized as evidence for predicting the node
mobility in the network. This mobility prediction approach
and traveling trajectory use mobility profile, preferences, and
spatial information. There is a need for adaptive routing to the
demands of applications. Moreover, it does not need to
maintain the history of node movements. Furthermore, the DS
theory of evidence-based mobility prediction scheme
describes the node’s uncertainty level due to its unpredictable
node mobility. Thus, the evidence-based mobility prediction
achieves high routing performance even under a highly
dynamic network topology. Table 17 compares different
mobility adaptive location update methods for geographical
routing in MWNSs.

Geographic Routing Type of Routing Type | Mobility Model Location Update Type

Protocol Network

EM-GPSR [38] Random waypoint | Time-based beaconing

Contention-based routing Random waypoint | Time-based periodic

[39] Greedy beaconing

PS-ROGR [40] Random waypoint | Mobility adaptive trajectory-

based
QGeo [42] Face Gaussian Markov | Time-based periodic
random mobility beaconing
GOAFR+ [43] Random Model Distributed GPS assisted
Greedy-Face- location update
TAG [44] Greedy Random waypoint | Local topology-based
Routing location update
FQ-AGO [45] MANET Modified random Region-based and Mobile
waypoint Group based location update

Reliable  and  practical Opportunistic | Random Way Point | Periodic flooding based

opportunistic routing

protocol, named as ORGMA

[46]

CORMAN [48] Random Waypoint | Mobility based updation

GPMOR [56] Aircraft Gauss—Markov Time-based periodic
UAV beaconing

MPGR [57] Aircraft Gauss—Markov Time-based periodic
UAV beaconing

GLSR [51] Aircraft Random model Local topology-based update
UAV Greedy

GRAA[52] Quadcopter Random Walk Periodic beaconing
drone UAV

Greedy forwarding | Drones Random model Continuous beaconing

geographical routing on the | UAV

Internet of Drones [55]
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AeroRP [59] Test Random Waypoint | Proactive updates
Aircrafts
UAV
LADTR [61] Drone and Greedy Gauss-Markov Periodic beacons of UAV
Ferry UAVs status
CORF [65] Drones Shortest Path Map- | Map-based location update
UAV Based Movement
CRUV [64] Drones Greedy and Random walk Periodic beaconing
UAV opportunistic
GRCS [84] Random Waypoint | Cluster-based continuous
Greedy beaconing
Elastic Routing [85] s Random Mobility | Frequent location update
WSN
REBAR [94] Random Periodic beaconing
movement
VBF [92] Greedy Random walk Distance-based beaconing
SBR-DLP [98] Face Routing | Pre-planned Pre-planned path based
movement location prediction
SORP [100] Meandering Depth based location update
Current Mobility
(MCM)
VAPR [101] UWSN Opportunistic " Meandering Flooding based beaconing
Current Mobility
DCR [99] Vertical movement | Sonobuoys distance-based
beaconing
GEDAR [102] Greedy Meandering Distributed location update
opportunistic | Current Mobility
(MCM)
CAR [113] Car mobility Pre-loaded digital map
model based beaconing
GRANT [114] Car mobility Map-based beaconing
Greedy model
PBR-DV [115] Trace based Flooding based beaconing
VADD [163] Stochastic mobility | Digital map based update
model
LDAOR [121] VANET Map-based Map and delivery
Opportunistic | movements probability-based update
PRO [123] Realistic Distributed beaconing
3-Parameter Routing [124] Real vehicle GPS-assisted beaconing
movement patterns
Hybrid opportunistic routing Greedy and Random direction | Periodic beaconing
protocol [119] opportunistic
RoRo-LT [144] Pocket Map-based Mobile trajectory history-
Switched movement based location update
Networks
DTN
TDOR [147] VCPS DTN o Map-based Map trajectory-based
Opportunistic

Table 17 Mobility Adaptive Location Update Methods for Geographical Routing in MWNSs
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5. FUTURE WORK

Realistic mobility models are crucial for improving the
efficiency of geographical routing. The commonly used
alternative method is to simulate the geographical routing
over realistic movement patterns. Hence, the accuracy of
performance evaluation of geographical routing mostly
depends on the mobility patterns and their reflection on
reality. Mobility poses significant challenges to the routing
layer, and it impacts numerous network characteristics, such
as network connectivity, capacity, and coverage in wireless
networks. Human mobility modeling and prediction can
significantly assist geographical routing in emerging MWN
applications.

5.1. Future Directions

Recently, wireless network applications have emerged in
several areas ranging from safety to comfort applications.
Thus, it increases the exploration and research on wireless
communication in two aspects: routing and mobility. Node
movement plays a vital role in the wireless communication
research  field with the complexities of scenario
characteristics. Future research in this scenario needs to
realize the critical aspect of attaining network-specific goals
in mobility model features. An increase in mobility intensity
forces the nodes to cover a large surface area and induces
more contact opportunities between nodes. However, it limits
the opportunities for establishing and maintaining a wireless
connection between nodes. Integrating the realistic mobility
model characteristics in geographical routing decisions
improves efficiency.

The recent evolution of wireless communication turns to
focus on modeling as well as predicting mobility. The
application of human mobility prediction became prominent
in wireless networks [165]. Previously, a popular method for
modeling mobility was the random waypoint, which generates
random movement patterns. However, the realistic movement
patterns are not random in the applications of wireless
networks. Instead, the mobility of humans or wireless devices
may be predictable to some extent. The efficiency of
geographical routing in wireless networks is significantly
improved when the movement models or the contact
probability between mobile devices are predicted in advance.
The mobility models have recently reached several
developments, so the recent trends in modeling mobility have
led to many changes in developing geographical routing over
wireless networks.

Recently, mobility research has shown a growing interest in
trace-based mobility model development [166]. To simulate
the real movement of wireless nodes, it is suitable to use
datasets from realistic scenarios for modeling mobility,
mimicking human mobility patterns. The trace-based mobility
model collects traces and analyzes them to find specific
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patterns. The traces are collected from the actual
measurements. It is used to predict the node mobility to some
extent and contact information between a pair of nodes. Thus,
the implementation of a trace-based mobility model tends to
better forward decisions. The latest research on trace-based
mobility models is categorized into three types: modeling
mobility dynamics theoretically, quantifying uncertainty in
mobility prediction, and leveraging stochastic optimization
algorithms. The third category becomes popular, based on
Markov model variants, machine learning techniques, and
neural network architectures. Most of the works use
extensions of Markov models regardless of the unclear
association with the human mobility dynamics [167].
Moreover, the probabilistic models suffer from data sparsity
problems and lack fine granularity in prediction. The data
mining methods generate association rules and periodic
patterns  for mobility prediction with or without
spatiotemporal distance. Next, deep learning networks, such
as Recurrent Neural Network (RNN), are used to predict node
mobility [168].

5.2. Changing Trends in Geographical Routing with Latest
Mobility Models

The geographical routing forwards packets in a one-hop
manner. The selection of relay nodes from the neighbor list is
based on anyone or multiple link metrics. It is prominent to
consider the knowledge of contact information of nodes due
to the frequent node mobility. For example, in link quality
metrics-based data forwarding, the stable packet forwarding is
realized for a selected neighbor until the packet eventually
reaches the node. A packet is relayed more intelligently when
the node mobility is predicted accurately. The mobile nodes
with long inter-contact times may never meet at all. The
geographical routing schemes can utilize the node mobility
knowledge and perform well by estimating the future contact
probabilities in advance for a pair of mobile nodes. The trace-
based mobility model using a real-time dataset provides an
opportunity to estimate future contact probability between
mobile nodes—the Markov model usage in modeling mobility
despite the unclear association with the human mobility
dynamics. Thus, recent research works mostly use machine
and deep learning models for mobility modeling. Using
machine learning and artificial intelligence, location and
mobility prediction can significantly improve routing
performance in a highly dynamic, pervasive MWN
environment.

The suitability of trace-based mobility models for wireless
networks can be decided based on the following factors. The
suitability of trace-based mobility models relies on the
analysis method selected. The data mining techniques are
efficient for analyzing the future contact details between
nodes. It requires more datasets to explore the real mobility
scenarios. To avoid biased results, the duration of available
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datasets has to be extended. Several traces need to be
generated from the dataset.

5.3. Impact of Recent Mobility Models on Geographical
Routing over MANET, VANET, and FANET

The previous research validates that the mobility patterns in a
MANET environment are not entirely random. Instead, the
random mobility, the devices that humans carry are
predictable. In conventional, several works attempt to model
human mobility. Even though the solutions are developed for
understanding the movement patterns, it is essential to change
the trends in the human mobility model by considering the
obstacles, especially in geographical constraints, while
crossing the obstacles. It also leads the routing protocol to
several changes in MANET. Designing good mobility models
by integrating smooth characteristics of FANETs is
fundamental for ad hoc mobility models to reflect realistic
flight behavior. Also, it is necessary to provide an in-depth
analysis of UAV movement patterns in a real-time
environment. Another future work is to adaptive localization
mechanisms for improving geographic routing efficiency.

Modeling the mobility of devices in MANET has to define
precise characteristics of the movement of devices. The highly
dynamic network topology in the MANET and the nature of
UAV aerodynamic mechanism and mechanical flight in
FANET are significantly challenging to model their motion
behavior in simulation. The trace-based mobility models
based on realistic datasets are suitable for MANETs. The
applications of infrastructure-less networks are mostly limited
in area and communication range. However, there is no
significant impact if the mobility model does not capture the
node movement at the microscopic level. Thus, the realistic
dataset-based trace creation is suitable for MANET. However,
several factors decide the motion behavior of VANET and
UAVs, such as the path, speed, and atmospheric or road
condition.

Trace-based mobility does not consider some of the key
issues that create notable impact. The first aspect is the curve
of the road. The realistic vehicles in VANET and FANET
changing their speed by applying acceleration and
deceleration. For instance, even minor variations in its
movement due to turbulence or speed differences impact
communication and safety. These characteristics or behaviors
are not observed and modeled in several mobility models, and
most of them infinitely accelerate the vehicles, which change
the speed significantly. In VANET and FANET, it is essential
to consider the safety requirements, as the safety distance, to
avoid collisions. Thus, the data mining techniques are suitable
for the geographical routing protocols over VANET and
FANET applications when they create and analyze traces
using multiple realistic data sets with long duration. The
importance of vehicle movement in reflecting and inducing a
realistic road environment in simulation necessitates the
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design and application of realistic mobility models in the core
of geographical routing. Some conventional mobility models
rely on micro-mobility aspects such as vehicle speed,
direction, and geographical constraint on a road, and other
models focus on the sociological aspects. It is imperative to
jointly focus on micro and macro mobility factors to support a
more realistic mobility model and adapt the simulation
environment. Integrating 10T with VANET creates flexible
future enhancement in ITS and also offers real-time responses
to the drivers.

5.4. Impact of Recent Mobility Models on Geographical
Routing over WSN, UWSN, 10T, and DTN

Modeling macro mobility in WSN is a significant challenge to
cope with the constraints in the sensor network, such as low
battery power capabilities. Energy-efficient data collection
and mobility management in WSN demand great efforts in the
analysis of mobile sinks. The mobility model has to reflect
various scenarios depending on the applications, such as hole
due to dead nodes and damage of sensors. The mobility model
for sensor networks deployed on animals that move very
slowly and sometimes stay for a long time at the same
location; the speed of the motion element must accommodate
the differences. However, in running cases, speed increases.

The recent mobility models are not always adequate for the
networks, such as WSN, UWSN, IoT, and DTN, for the
following reasons. It is difficult to adequately capture and
analyze the frequently generated data from sensor networks,
such as WSN, UWSN, and IoT. The DTN is a shared network
for interconnecting heterogeneous gateways or proxies. It
makes difficulties to generate multiple data set for long
duration. Suppose the trace-based mobility models exploit
only a limited number of traces. It does not capture all the
scenarios, and the extracted mobility patterns based on a few
traces are not precise. Improper analysis of the spatial and
temporal structure of mobility models with small-size datasets
tends to unrealistic mobility patterns in sensor networks. It
shows a significant deviation from realistic applications.
Thus, trace-based mobility models' suitability to geographical
routing in various wireless networks is based on the collected
datasets, size, and selected techniques for data analysis.

10T has played a vital role in several MWN applications such
as health care automation, industrial monitoring, smart city,
smart transportation, and agriculture in recent years.
Generally, the 10T sensor nodes collect the data about the
monitoring environment and forward the data to external
internet services. Thus, the 10T enhances the value of real-
time services or improves the efficiency of real-time
applications. Location management is a significant burden on
10T due to the resource constraints that need support from
edge devices. In the future, make a formal plan to make this
study provide a direction to the Internet of Things (loT)
domain and include suitable mobility models and geographic
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routing protocols for 10T networks, as it is a keystone in
MWNs. Recently, geographical routing protocols have been
proposed for loT applications [169][170] that radically
provide new directions in using geographical routing in loT.

6. CONCLUSION

Multi-hop wireless networks (MWNs) form a foundation for
many modern wireless networks in real-time environments
and have increased the necessity of mobility models and
geographical routing. Geographical routing is a prominent
routing solution to a wide range of MWNSs. Realistic mobility
models are vital for evaluating the protocols in simulation
environments. Mobility models significantly impact various
forms of recent MWNs and their geographical routing
solutions. To demonstrate the impact of mobility models on
various MWNSs, this work surveys mobility models and their
impact on various geographic routing protocols. Besides the
mobility models and their impacts, location management
issues and location prediction techniques are discussed.
Although several works have been proposed for routing
service over various mobility models, there is significant
scope for future research in geographical routing and mobility
models developed recently. Finally, this survey concludes
with future directions.
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