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Mobile wireless sensor networks are not widely implemented in the real world, even 

after years of research carried out in this field. One reason is the lack of understanding of the 

impact that mobility has on network performance. The simulation and emulation of mobile 

wireless sensor networks is necessary before they are deployed for the real-world applications. 

This thesis presents a simulation-based study of different mobility models. The total area 

coverage that depends on the pattern of node movements is observed through simulations. 

The spatial distribution of node locations is also studied. Various synthetic mobility models 

available are explored based on their theoretical descriptions. BonnMotion is used as the 

network simulator for investigating different mobility scenarios. The results obtained after 

simulations are imported to MATLAB and the analysis of node movements is done through 

various plots and inferences from the data. The comparison of mobility models is also discussed 

based on their spatial node distribution in the simulated scenarios. 
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CHAPTER 1  

INTRODUCTION 

 
1.1 Background and Motivation 

 In this rapidly growing technology, there is a need for inventions that are cost effective, 

safe and reliable to use. The field of wireless sensor networks (WSNs) is multi-disciplinary that 

encompasses many subjects including control, computer science, signal processing and 

information theory. Each of these subjects have their own relevance to wireless sensor 

networking. In a WSN, sensor nodes are connected arbitrarily to form a topology. Use of smart 

sensors in huge network topologies enables high data transmission rates in short intervals of 

time. They are also a platform to calculate and analyze statistical parameters inclusively. The 

wireless sensor networks can be self-configurable and self-healing [1] [2]. 

One of the leading research topics in wireless sensor networking is consensus through 

mobility. The term consensus in general refers to agreement. In a distributed computing network, 

one of the biggest challenges is to achieve overall system reliability in the presence of various 

faulty procedures. The consensus problem in wireless sensor networks requires agreement 

among the different nodes for a single data value, though they fail at times, i.e., it should be fault 

tolerant or resilient. An easier way to achieve consensus is making few selected nodes of a 

network mobile, with a good trade-off between the number of nodes chosen to be mobile and 

the rate of consensus. 

Mobility ensures that sensor networks share information rapidly and effectively among 

the sensors, thereby increasing the speed of computations within the nodes for a faster 

consensus. A mobile network consists of static as well as mobile sensor nodes. These nodes can 
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also interact with the physical environment in their vicinity. The mobile nodes can perform all 

activities that static nodes can, such as communicating and computing. They can additionally 

move within the network in deterministic or random patterns, and organize themselves 

accordingly [2] [3]. 

Few of the major challenges that are likely to be faced in mobile wireless sensor networks 

are control, energy consumption, navigation, irregular network topologies, time delay, 

maintenance and overhead costs. The cost of energy incurred to carry information from one 

location to another can be minimized by making use of objects that are already mobile to 

accomplish a different task. This means that the sensors may be placed on ground vehicles like 

automobiles, motorcycles, trains and aerial vehicles, that can move data to different places 

without any additional costs [2] [4]. 

 Although mobility is associated with other overhead costs, it can transport data among 

all sensors at faster rates as compared to sensors in static networks. This successively increases 

the speed of distributed computations, which is essential in any wireless sensor network 

application. Implementing the best applicable model of mobility in a scenario improves the 

performance of a network significantly in terms of metrics such as data latency, lifetime, delay 

tolerance and capacity. 

This thesis explains the effect of mobility on consensus through simulations. Different 

mobility models have been listed and discussed for sensor nodes in various topologies and 

scenarios.  

The mobility models in which the movement and activities of nodes are independent of 

each other are called ‘entity mobility models’, and the models in which the movement of nodes 
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is dependent on each other are called ‘group mobility models’. Each of these models have their 

own significance depending on the network topology under consideration and various set of 

parameters chosen for that network. Only the entity mobility models have been simulated and 

analyzed in this thesis. 

There are two types of mobility, namely deterministic and random. The mobile sensor 

nodes move in specific known patterns within a network in the former one. In random mobility 

models, sensor nodes move in random unknown patterns with variable directions. This research 

mainly focusses on random mobility models and their characteristics. These models are 

compared based on two parameters. The first one is the time taken by the nodes to cover the 

complete area of the scenario, and the second one is the number of nodes required to cover the 

whole area in a constant time frame. A network simulating software called ‘BonnMotion’ has 

been used for this purpose, and the results have been observed in a graphic-user interface of 

MATLAB. 

 
 
 
1.2 Objective and Significance of the Research 

The aim of this thesis is to enhance the operation of present wireless sensor networks by 

introducing the concept of mobility. The effect of mobility on a network and its advantages are 

explained through simulations of theoretical models. It is important to simulate and evaluate the 

performance of any mobile network protocol to analyze the detailed movement patterns of 

nodes in a real-time scenario. This aids in understanding the impact that mobility has on 

convergence rates in mobile wireless sensor networks. The simulations also contribute to better 

comprehension of the types of mobility models to deploy for various scenarios. 
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1.3 Overview of the Thesis 

 Mobility in wireless sensor networks is a vast topic of research. There are many features 

and details that should be concentrated on to fully understand its effect and importance in a 

networking system. This thesis mainly focusses on a few aspects of mobility and the behavior of 

mobile nodes in wireless sensor networks. The characteristics of various entity mobility models 

are observed through simulations and further analyzed to ensure optimum emulation in real-

time implementation. 

 Chapter 2 provides the apprehension of topics like consensus and mobility in detail. It 

explains the importance of having mobility in a wireless sensor network and the different ways 

to reach consensus. The concept of consensus and its role in a networking system is explained in 

detail. The information about the existing theoretical mobility models and the significance of 

understanding them through simulations is explained. The advantages of comparing the mobility 

models before choosing the best one for different scenarios and network topologies are also 

described. 

 Chapter 3 gives insight about the entity mobility models considered in this thesis. It 

provides the theoretical explanation regarding the characteristics of each model and the 

expected results when implemented in real-time scenarios. It also describes the similarities and 

differences between the mobility models studied in this research. The importance of choosing 

the right mobility model for a given network and the ways to do it is explained. Additionally, the 

behavior of the mobile nodes in a scenario is described based on the previous works on these 

models and their results. 
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 Chapter 4 introduces BonnMotion, the network simulating software used in this thesis. It 

gives complete information about the various tools available in this software. The architecture of 

BonnMotion is explained and the general components used by mobility models in it are 

presented in detail. The modeling of a network scenario in this software with all the parameters 

is described. This chapter also provides the simulation results of mobility models discussed in this 

thesis. 

 Chapter 5 presents all the results and observations. It contains the MATLAB code to 

import the data from the files in BonnMotion and observe the movement of nodes in each 

scenario. The comparison between the mobility models under study is shown through graphs 

and MATLAB plots. 

 Chapter 6 gives the conclusion of this research along with insights and future possibilities. 

Few suggestions to further improve this work are also provided in this chapter. 
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CHAPTER 2 

LITERATURE SURVEY 

 
2.1 Introduction 

 This section begins with a synopsis of consensus building concepts and results of the work 

done in this field previously. It is necessary to understand the importance of higher rates of 

convergence in wireless sensor networks. It continues with the description of parameters that 

are required to analyze the connectivity of a wireless sensor network. The next part of the 

chapter explains mobility and its effect on the performance of a sensor network. Since all the 

simulations and observations are based on entity mobility models, the description of various 

theoretical entity models and their characteristics is given in the next chapter. The advantages of 

each model in specific scenarios are also included, and the importance of comparing these 

models through simulations is explained. 

 
 
 
2.2 Consensus Problem 

 Consensus in a distributed wireless sensor network refers to the widespread agreement 

of all nodes in the network on a common point; it may be a decision, a collective opinion on 

certain values proposed by one of the nodes, or any course of action. Although there are many 

methods to achieve convergence, it is important to select the method that gives higher rate of 

convergence due to the increasingly rapid pace of advancement in technology. There are 

numerous factors that influence the rate of convergence, like network topology, data 

transmission rate and latency, local computation and processing time of sensor nodes [2] [5]. 
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2.3 Gossip Algorithms 

One of the ways to reach consensus is through the implementation of gossip algorithms. 

Use of gossiping protocols, also known as peer-to-peer protocols, is the simplest form of 

propagating information in a distributed wireless sensor network. It includes an iterative 

algorithm. In this protocol, two nodes exchange their information with each other and update 

the values that they initially acquired with the aggregated value. This is repeated by every sensor 

node in the network. The algorithm then checks for convergence of their values. This continues 

until every node has the same estimated value. This is when consensus is said to be reached in 

the network [6]. 

 

 

 

 

 

 

 

 

 

 

    Gossiping in the network                                                    After reaching consensus 

Figure 2.1: Illustration of gossiping 
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Figure 2.1 shows the concept of gossiping with a comprehensible illustration. A wireless 

network of five sensor nodes is considered. Linear node computations are assumed in this 

example for simplicity. Nodes of same color indicate that they have the same value, i.e., the 

aggregated common value obtained after executing a set of gossip iterations. All the nodes 

continue gossiping (exchanging information and updating their estimates) until they agree on a 

single value and reach consensus. 

This is in analogy to the combination of blue and yellow colors to produce green color, 

which is the result of mixing equal proportions of the two colors. Since there are two nodes of 

yellow color and two nodes of blue, they will share their colors with each other and update them 

to their average, i.e., green. The fifth node in the network is already green, hence the average 

value does not change. Once all the nodes share and update their data to the same value, there 

is convergence in the network (every node is of the same color that is obtained by mixing all 

colors in the network). 

 
 
 

2.3.1 Advantages of Gossiping 

Gossip protocols can be easily implemented in real-time scenarios. They have a scalable 

approach to achieve smooth dissemination of information throughout the system. In centralized 

schemes of communication, meticulous synchronization of data is required. The network 

collapses if one central node is crashed. But unlike such schemes, gossiping protocols use 

distributed algorithms and the data processing does not depend on a single source. These 

protocols are therefore robust to system failures and any other unreliable conditions in the 

network [6]. 
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Gossiping is randomized and can hence overcome node churning. This is one of the 

reasons for this protocol to be more sought after in wireless sensor networks. If a node breaks 

down abruptly due to the simultaneous arrival and departure of sensor nodes, it is referred to as 

node churning. Being an iterative method, gossiping is an efficient way to disseminate data 

among all nodes and the network is less prone to erroneous communication. The random and 

periodic exchange of information among the sensor nodes in this protocol gives self-healing 

ability to the network. The gossip algorithms can operate without any specialized routing. They 

can easily adapt to increased demands of the network and are highly reliable even with changes 

in the network environment [6]. 

 
 
 

2.3.2 Drawbacks of Gossiping 

 Due to the randomness of gossip protocols, there is a delay in reaching consensus and 

hence, it is difficult to study the rates of convergence. These algorithms involve transmission of 

data at every gossip iteration, and this process takes a long time to cover all the nodes in the 

network. For this reason, gossip algorithms are not preferred for applications that require faster 

data computations. This process also consumes more bandwidth and energy [7]. 

Another shortcoming of gossiping is redundancy of node communications. Since the 

information is disseminated in a random and periodic manner within the decentralized system, 

there is a probability that one node chooses another random node more than once during the 

exchange of data. This leads to many unwanted transmission overheads in the wireless sensor 

network. It also causes deferral in the convergence time [6]. 
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In a real-time scenario, it is important to consider the restrictions on bandwidth of the 

network and the power limitations on the sensor nodes. When a node acts as a transceiver, it 

causes a noticeable amount of overhead data traffic during the process. There is a significant 

waste of resources, and the implementation of gossiping algorithms in a wireless sensor network 

further adds to these overheads.  

 
 
 
2.4 Mobility 

Few drawbacks of gossiping protocols can be overcome by introducing mobility in some 

of the network components. One of those downsides is the time taken to reach consensus. 

Introducing mobile sensor nodes increases the ability of networks to achieve faster convergence 

rates. Mobile nodes have a significant impact on the speed of information dissemination in a 

network, even if there are just a few of them. This in turn improves the efficiency in complexity 

of node computations and total energy consumption of the network. Mobility in wireless sensor 

networks also ensures higher accuracy in the consensus estimate and accelerates the 

communication among all nodes [6] [7]. 

With mobility introduced to the network, there are more factors to consider for 

consensus, like speed of the mobile nodes, redundancy, probability of total network coverage, 

time taken by the mobile nodes to reach every static node in the network and randomness of the 

movement of nodes. Mobility as a process is comparatively expensive as it is associated with 

overhead costs. It requires more energy for the mobile nodes to move within the network and 

collect or share information multiple times. If a mobile node is entailed to cover large areas of a 
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network and perform the activities of a static node like computation along with exchange of data, 

the costs increase further [2] [7]. 

Despite these overheads, mobility in the network proves to be a better option as 

compared to a network with only static nodes. Besides the fact that mobility increases 

convergence rates, it also improves the lifetime of the wireless sensor network and reduces the 

data latency among sensor nodes. To study the effect of mobility on a network, it is first required 

to design the right model for the scenario under test and understand its parameters. Not all 

networks have the same characteristics and hence, it is difficult to define one general mobility 

model. But it is still convenient to select the mobility models that suit most of the existing 

networks. 

In this thesis, the implementation of entity mobility models in a network is discussed 

through simulations. The performance characteristics such as connectivity and the total coverage 

in a wireless sensor network is studied. The primary focus of this research is drifted towards 

uniform coverage of the entire network by mobile nodes. This helps in analyzing the behavior of 

mobility in networks with different topologies. The time taken (number of iterations) by the 

mobile nodes to collect data from all sensors placed in a network is measured through the 

simulations. The results give information about the convergence rates in a network to estimate 

a parameter of interest. 

Mobility in a wireless sensor network may be deterministic or random. Deterministic 

mobility models have specific movement paths. These models are usually suitable for networks 

in which the static nodes are placed geometrically. Random mobility models are mostly 

implemented where the static nodes are placed with no specific pattern within the network. The 
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mobile nodes in such networks cover the area with random speeds and directions with 

undetermined or partially determined movement patterns. The whole region is covered with 

arbitrary node hops. 

This research studies the impact of random mobility on a wireless sensor network. The 

characteristics and importance of these models is discussed in the next part of the thesis with 

intricate details. The differences between these models are also explained to better understand 

the implementation of each model in various scenarios. The theoretical definitions and empirical 

results are further compared. 
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CHAPTER 3 

MOBILTY MODELS 

 
3.1 Introduction 

 The performance evaluation and analysis of a protocol for any wireless sensor network is 

necessary before implementing it in the real world. During the simulation of a protocol, the 

mobility models are expected to represent the characteristics of mobile sensor nodes accurately, 

as these nodes will eventually use the protocol. There are other important factors of a network 

to consider while simulating a mobility model. These include the processing speed of the sensor 

nodes, strength of communication links, total energy available in the network, placement of 

static sensor nodes in the entire area, geographical and spatial restrictions of the network, 

storage capacity of each node, etc. In this chapter, the importance of designing the suitable 

mobility models for specific applications is explained, along with the information about different 

types of available models. 

 There are two types of mobility models in terms of simulation. One is the traces model 

and the other is the synthetic model. The patterns that are seen in the real-life systems are 

represented by the traces model. They give precise data and support simulations that involve 

many sensor nodes and a very long observation time. But traces are not created for all types of 

network environments, and hence it is difficult to model such scenarios. Synthetic models are 

used in these kinds of scenarios. To study the displacement patterns of mobile sensor nodes, 

mobility models should mimic the movement of real mobile nodes. The speed and direction of 

the nodes must change in practicable time slots as the real mobile nodes do not move in 
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restricted patterns. Hence, the synthetic models are designed in such a way that they represent 

the characteristics of mobile nodes as realistically as possible [8].  

 
 
 
3.2 Types of Mobility Models 

 The available synthetic mobility models are categorized into two types, namely group and 

entity. In the group mobility models, sensor nodes move in clusters to cover the area under test. 

The movement of a mobile node is dependent on the movements of other mobile nodes in its 

group. The resources available in the network can be shared among these groups to reach 

consensus faster. For example, one node can collect sensor information from the static nodes 

and the other can process this data. It saves the computational time as well as the energy of 

network. But the duration of simulation might be longer as the whole group should move within 

the entire region. If there are multiple groups in a network, then there is a significant waste of 

resources for the sensor nodes [1] [8]. 

 Entity models on the other hand consist of mobile nodes whose movements are 

independent of the other nodes’ location and movements. Each mobile sensor node in the 

network has the capabilities to handle all the tasks of a static node. Nodes collect data from the 

static nodes, process that information and exchange it with all other nodes in the network. The 

network connectivity depends on the speed and coverage of these mobile nodes. If the sensor 

nodes move very slow, then the duration of simulation to cover the entire network increases; if 

the nodes move too fast, then the system becomes more dynamic, making it difficult for the 

nodes to avoid network link breakage. Hence, there is a trade-off between the speed of mobile 

nodes and the network connectivity [1] [8]. 



15 
 

This thesis focusses on the simulations of three entity mobility models to better 

understand the coverage aspects of a sensor network with nodes moving independent of each 

other. The movement patterns are analyzed in terms of the area covered with respect to the time 

taken by the nodes during simulation. 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Classification of mobility models 
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Figure 3.1 shows the classification of the most common mobility models that are used in 

the network simulations. The definitions and characteristics of every model mentioned are 

explained in the next part of this chapter. 

Mobility models are divided into three categories in a broader sense; they are 

microscopic, macroscopic and mesoscopic. A simple description of each of these models is given 

below [9]. 

 Microscopic mobility model:  The movements of individual sensor nodes are obtained 

from this model. As the name suggests, this model takes every small detail of a node 

movement into consideration for analysis. Movement parameters like acceleration, 

velocity, distance traveled and coordinates of the current location of each mobile node 

are modeled. If there is a notable impact of the node movements on the system, then this 

is the appropriate mobility model to use. These models are used for the performance 

evaluation of systems that have MANETs (Mobile Ad-hoc NETworks) or mesh networks 

which involve multi-hop components. Simulation of a new network requires this model 

to design the node movement patterns with precision. 

 Macroscopic mobility model: In this model, the individual node movements are 

abstracted and only the system parameters that need to be evaluated for the required 

application are modeled. This model is suitable for systems that use information about 

the mobility patterns to understand specific limited parameters of the network. For 

instance, if a network analysis requires just the impact of node movements on a single 

region, then the macroscopic model is used. In this case, time-dependent metrics and the 
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abstract coordinates of mobile nodes are sufficient to model the impact of movements 

on the network. 

 Mesoscopic mobility model: This model aggregates the movements of various mobile 

nodes installed in the network. It considers the system to be one big network with all 

sensor nodes having equal capabilities and attributes while modeling the mobility 

patterns. 

This thesis focusses on microscopic mobility models. All the group and entity models discussed 

previously fall under this category. 

 Another way to classify the mobility models is based on their dependencies and 

restrictions. Various mobility models have been proposed till date. Few of these models enable 

the simulation of specific scenarios and few others yield generic scenarios. Specific scenarios 

require the analysis of parameters that are restricted by the topology of the network. It is easier 

to simulate generic ones as they usually allow theoretical analysis. To acquire accurate results 

from such scenarios, it is important to consider the factors that influence node movements. The 

following are the types of dependencies and restrictions that need to be considered while 

modeling mobile networks [10] [11] [12]. 

 Temporal dependencies: The present movement of a node is influenced by its past 

movement in this dependency, i.e., the actual movement of a mobile node is affected by 

its movement history. This model gives the measure of how magnitudes of current speed 

and direction of a node are related to its previous value. Nodes that have the same 

velocity are said to have a high temporal dependency. Reference Point Group mobility 
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model partially represents the temporal dependent implementation of sensor nodes in 

the network. 

 Spatial dependencies: The movement of a sensor mobile node is affected by other nodes 

in the vicinity. This dependency gives the measure of how one node depends on the 

movement of another node in its surroundings. This is seen in all group mobility models, 

as all nodes work together to accomplish a task and they are designed to travel in a 

correlated manner. When two nodes move in the same direction at the same time, they 

are said to have high spatial dependency. 

 Geographical restrictions: The movement of nodes is restricted to stay within the 

geographical boundaries of a scenario. In this class of mobility models, the node 

movements are bounded by obstacles like buildings, streets, freeways, bridges, etc. that 

are to be considered in a real-time implementation. Nodes in the Manhattan grid model 

have geographical restrictions.  

 
 
 
3.3 Group Mobility Models 

 There are different synthetic group mobility models designed for the wireless sensor 

network scenarios. The nodes in these models perform actions are dependent on what few other 

nodes in the network do.  It is necessary to model the behavior of sensor nodes if they are 

expected to work together to complete the assigned task. This type of node movement can be 

explained with a simple example. Consider a scenario in which military tasks should be 

performed. The soldiers work in groups to accomplish various tasks like capturing enemies, 
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operating rescue missions, identifying danger in a region, etc. This cooperative functioning to 

reach a common goal is implemented in group mobility models. 

The basic and frequently used group mobility models are Reference Point Group, 

Manhattan Grid, Disaster Area, Nomadic, Column and Pursue. The description and simple 

illustration of these mobility models is given below. 

 
 
 

3.3.1 Reference Point Group Mobility(RPGM) Model 

 In the RPGM model, all the mobile sensor nodes of a network are divided into groups. 

One node is selected as a leader in every group, and all nodes in the group follow this leader 

node. The group leader can be considered as the logical center of the group. The other nodes of 

the group might have a slight deviation in their radial position from this center before their 

movement starts for each iteration. The movement of the leader follows an arbitrary mobility 

model. The motion of the group leader characterizes the mobility behavior of other group nodes. 

Each node in the group has a reference point to realize its movement within the group. The 

current location of a mobile node is determined by adding the position of the reference point to 

a random movement vector [8] [10]. 

The relative positions of reference points do not very within the group, but their absolute 

positions change depending on the arbitrary mobility model. The reference points hence make 

the nodes spatially dependent in the group. Random Waypoint(RWP) model is usually taken as 

the reference by the leader node. This model is exclusively used in battlefield scenarios of the 

military. Another application of RPGM is during rescue missions which involve police, doctors and 
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firemen who have one leader per each of these groups and the other ones follow their 

instructions. 

RPGM is a generic method to handle group mobility of sensor nodes. Few other 

commonly observed implementations of this model are group tours, meetings, conferences, and 

military platoons. Missions like avalanche or landslide rescue that require the assistance of 

canines explain this model comprehensively. They describe how a responding team of humans 

work cooperatively with dogs. The team guides the canines and creates a general path for them 

to follow, as they can estimate the appropriate location of a victim. The dogs then set random 

movement paths for themselves to search the general region for a duration that their human 

counterparts choose [1]. 

Various mobility behaviors can be imitated by RPGM model if the parameters of mobility 

and the pre-defined movement patterns are appropriately chosen. Few of the applications 

represented by this model are mentioned below [8] [10]. 

 In-Place Mobility Model: The entire geographical area is divided into several adjacent 

subsets of the original region. Each of these subsets is assigned to a group of nodes. These 

groups operate only in their subset field. Communication in the battlefield scenario is an 

example of this model. 

 Overlap Mobility Model: All the groups in the network travel and work in the same 

geographical area in an overlapping manner. Each of these groups have a different task 

to accomplish within the same boundary. The characteristics of these groups differ from 

one another. These groups may encounter each other during the simulation. Rescue 
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mission scenarios which involve groups with unique velocities, mobility patterns and 

behaviors use this model. 

 Convention Mobility Model: This can be realized as a combination of the in-place and 

overlap mobility models. The total geographical field is partitioned into smaller subsets 

and all the groups can travel in any subset. These groups have similar mobility patterns in 

every subset. The speed of nodes may be different in each group. This behavior is seen in 

a conference scenario. 

 
                     Figure 3.2: Mobility pattern in Reference Point Group Model 
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An illustration of the Reference Point Group mobility model is given in figure 3.2. A group 

of three mobile nodes travel in the simulation area, with the leader node following Random 

Waypoint mobility model. The individual nodes move in a random manner with respect to their 

pre-defined reference points, and this movement in turn relies on the mobility of entire group. It 

can also be seen that these nodes tend to move towards center of the simulation area, which is 

a characteristic of RWP model. 

One characteristic difference between RPGM and RWP mobility models is the spatial 

dependency between the sensor nodes, which is inherent in the RPGM. Hence, a behavioral 

difference is expected between the two models though the nodes have similar movement 

patterns. The remaining group mobility models discussed in this research are either different 

versions of the RPGM model or partially imitate RPGM in their implementation. Changing the 

input parameters of RPGM during the simulation leads to modeling of Nomadic, Pursue and 

Column mobility models [1] [10]. 

 
 
 

3.3.2 Disaster Area Mobility Model 

  The realistic movements of humans in a disaster area scenario is represented in the 

disaster area mobility model. The total simulation area is partitioned and several tactical areas 

are formed from it. This is a complex model that supports heterogeneous mobility of sensor 

nodes in the area. Optimal paths are chosen by these nodes to avoid any obstacles, which 

requires joining and leaving of nodes accordingly, either as a group or as individually. The tactical 

areas are polygonal regions that are classified based on the civil protection concepts. A group of 
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nodes is assigned to each of these regions, and these groups have different roles and hence 

different node characteristics [8] [10]. 

 The tactical areas may be locations of the incidents, treatment area for the patients, 

clearing station for the casualties, technical operational command area, parking locations for the 

ambulance, etc. Nodes in these areas have different speeds and hence exhibit heterogeneity. 

There can be more than one group of sensor mobile nodes in a region at a time instant. Few 

groups stay within the distinct region and move in a random manner inside that area. Few groups 

move across the tactical areas; like the transport groups that carry patients to the treatment area 

by following a movement cycle. Depending on what category of groups the nodes are used for, 

the mobility patterns of nodes are decided and the extremities of speeds that distinguish 

pedestrians from vehicles are set [9]. 

 The methods that are used to plan robotic motion determine the optimal paths for the 

transport units(nodes) that move the patients from one region to the other. Visibility graphs are 

designed for finding the shortest ways to commute from one location to another. The vertices of 

a visibility graph are the vertices of a polygon. An edge is present between two vertices if it does 

not intersect any obstacle in this path. The smallest distance from one location to another 

consists of several edges of one or more polygons. Once the visibility graph is calculated for the 

disaster region, the optimal paths are determined for the transport units to move across different 

tactical areas. Vehicles like ambulances take the patients to a medical treatment center from the 

disaster area. They require distinct entry and exit points for a systematic transportation of 

patients. These points are called registration areas. They are identified in every tactical region 
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and are used to realize the leaving and joining of mobile nodes. The locations of parking areas for 

ambulances are also pre-determined [9]. 

The mobility patterns of nodes in the disaster area model resemble the node movements 

in RPGM model. Nodes in a group follow their reference points within the tactical area. The 

movement of a node depends on the location of its corresponding reference point. Emergency 

units of one area are grouped together and the size of these groups depends on the type of area 

and the emergency unit. A group can either stay within the area its assigned to or move across 

the areas as required [1] [8]. 

 
                     Figure 3.3: Mobility pattern in Disaster Area Mobility Model 
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Figure 3.3 shows the movement of nodes in a disaster area scenario. The mobility pattern 

of these nodes resembles polygons as described earlier. The edges of these polygons are formed 

after avoiding the paths intersecting obstacles. There are various node groups for various 

purposes in this simulated plot. It can be observed that similar paths are followed by multiple 

nodes which shows group mobility in the model. 

 
 
 

3.3.3 Nomadic Mobility Model 

 The scenarios in which a group of nodes move collectively from one location to another 

are represented by the nomadic mobility model. The mobility of nodes resembles the ancient 

nomadic communities that travel in groups. The nodes move individually in a random manner 

within the community. They have the freedom to maintain personal spaces within their groups. 

There are many applications for this model like mobile communication in meetings and 

conferences, soldiers in a military battlefield, city tour guides, etc. The mobility of nodes in this 

model can be explained by considering the example of a group of students visiting a state 

museum. The students move from one location to another as a group inside the museum, but 

they might move around an artifact individually in random ways. This model is partially derived 

from the RPGM mobility model [9] [10]. 

Each node of the community uses an entity random mobility model to determine its 

movement around a reference point. The locations of reference points are based on the general 

mobility of all nodes in the group. When a reference point changes during the simulation, all 

nodes in the group move to a new area that is defined by the new reference point and roam 

around this point with random mobility for each node. Though the nodes have different 
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movements within the group, the group mobility depends on the coordinates of reference points, 

and hence all nodes follow the same path set by these reference points. This shows the spatial 

dependency of the mobile nodes in their community. The maximum allowable distance between 

a node and the reference point is defined by the mobility parameters for the entity model chosen 

by the node [1] [9]. 

 
Figure 3.4: Mobility pattern in Nomadic Mobility Model 

 

An illustration of the Nomadic community model with four mobile nodes is shown in 

figure 3.5.  The node movements are sporadic and a common reference grid is shared by all the 
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nodes. Five locations are visited by the group as seen the figure, meaning that there are five 

reference points which are followed by these nodes. The mobility pattern of these nodes is 

random within the group. They travel as a group to each of these coordinates and their behavior 

resembles that of a nomadic community. 

 
 
 

3.3.4 Column Mobility Model 

 A set of mobile sensor nodes traveling around a line or column is represented by the 

column mobility model. The nodes move forward collectively in a certain direction. This behavior 

can be explained by a scenario where a group of soldiers systematically march forward to attack 

their enemies. Another application of this model is in searching and scanning activities performed 

by military robots to identify and destroy land mines in an area. The column mobility model is a 

special case of the RPGM model. Each node of a group moves forward in the same direction at 

the same time, but with an offset from the reference point. This reference point is common for 

all the mobile nodes in a group. The movement of the reference point determines the mobility 

of every node in the group [8]. 

 The past coordinates of a reference point are used to locate the new reference point. The 

position of the old reference point is added to an advance vector to get the position of the new 

reference point. The advance vector is a predefined offset that determines the movement of 

reference grids. This offset is calculated using distances and angles that are randomly chosen. 

The angle must however be within the range 0 to 180 degrees as the node movement is only in 

the forward direction. The arrangement of reference points in an area is always in a straight line 



28 
 

as the predefined offsets are used for all the nodes in the group. Thus, the movement of nodes 

is partially constrained [1] [9]. 

The random deviation of nodes from the reference point is either parallel or 

perpendicular (resembling a column) to the straight line on which the reference points are 

distributed. Since the mobility of all nodes in the group is dependent on the same reference point, 

the nodes are said to be spatially dependent. When the nodes reach the boundary of the 

simulation area, they bounce back at an angle of 180 degrees and move forward in that direction 

towards the center of the simulation area [10]. 

 
Figure 3.5: Mobility pattern in Column Mobility Model 
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The mobility pattern of nodes in a column mobility model is depicted in figure 3.5. The 

nodes travel along an imaginary straight line on which the reference points are located, with 

slight deviations from the reference points. The movements of a group are either perpendicular 

or parallel to the imaginary line of reference points, representing the mobility pattern in a 

column. The mobile nodes travel with the same speed and in the same direction, but the 

predefined offset from the reference points varies for each node at one instant of time. The figure 

shows dense lines for the movement of few node groups, indicating that the nodes have very 

little deviation from their reference points. 

 
 
 

3.3.5 Pursue Mobility Model 

 The scenarios in which a group of mobile nodes attempt to track a single mobile node 

ahead of them. This is best represented by police cars chasing a single car to catch the criminal 

in pursuit. The applications of this mobility model are mostly in law enforcement for tracking 

targets. The target node moves in random directions with random speeds based on an entity 

mobility model. The velocity of the pursuer nodes is updated at every instant of time depending 

on the movements of the node being pursued [9]. 

The new position of the group of nodes is calculated by adding the coordinates of the old 

position of the target to an acceleration function and a small random vector. The acceleration 

function is obtained from the difference of the actual position of the node being pursued and its 

expected position. The random movement vector is obtained from a random mobility model to 

offset the mobility of pursuer nodes, and it is kept small since all these nodes must be as close to 
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the target node as possible. The node being pursued is interpreted by directing the mobility of 

the pursuer nodes towards its position [1] [8] [10]. 

 
Figure 3.6: Mobility pattern in Pursue Mobility Model 

 

 

The behavior of mobile nodes in the pursue mobility model is described in figure 3.6. The 

black dots represent the movement of pursuer nodes. All of them move in a similar fashion 

following an imaginary target. The reference point for these group of purser nodes is the target 

node. Hence, the reference point follows a random mobility model. The movement of the 

pursuer nodes is random as well, but to ensure effective tracking of the target, this randomness 
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is limited. The nodes in this model exhibit spatial dependency as all pursuer nodes follow the 

movements of a target node. 

 
 
 
3.4 Entity Mobility Models 

 Many networks have the requirement of sensor nodes at different locations that are 

scattered within a bound area. There are synthetic entity mobility models that are used to 

simulate scenarios where one node is needed in a region at one instant of time. Entity models 

are mostly applicable to generic scenarios in which the static nodes of the network area are not 

placed in a specific known pattern. Such scenarios require the mobile sensor nodes to cover the 

entire network, and the optimum solution to utilize energy resources effectively is to choose 

individual nodes traveling in the area. 

The entity models have mobile nodes whose behavior is independent of each other. A 

mobile node can handle all the activities which a static sensor node can. The information is 

disseminated in the network through these independent mobile nodes. Each mobile node has 

the capability to gather data from the other nodes, process the obtained information and share 

the resulting data to all the other nodes in the network. The communication between these 

nodes is one-to-one and there is comparatively less redundancy of data exchange during one 

iteration in the simulation. 

The connectivity of the entire network depends on the velocity and area coverage of 

mobile nodes. The speed of node mobility plays a crucial role during the simulation, as it controls 

node link breakages which are an essential part of node communication. The spatial node 
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distribution is another important factor to analyze the parameters of the network and analyze 

the consensus rate of the system. 

There are three entity mobility models are that are very popular among all the models 

used in network simulations by the researchers. They are Random Walk, Random Waypoint and 

Random Direction mobility models. Evidently, all of them have ‘random’ in their names, and 

hence the sensor nodes in these mobility models travel in random paths to cover the simulation 

area. The theoretical knowledge of these models in provided in the next part of this chapter, and 

the simulation results and observations are given in the following chapters. The movement 

patterns of nodes are studied with respect to the area coverage and time taken to reach all the 

locations in a network. The consensus rate is then estimated based on the mobility of nodes that 

are independent of each other. 

 
 
 

3.4.1 Random Walk Mobility Model 

 The unpredictable patterns of node movements in a network are described by the 

random walk mobility model. This model was mathematically introduced by Albert Einstein in 

the year 1926. The random walk model imitates the erratic movement of natural entities whose 

motion is random and aimless. The mobility of sensor nodes in this model resembles the 

Brownian motion of particles in Physics. Many researchers have modified and developed this 

model to derive the 1-D, 2-D, 3-D and 4-D random walk models. This thesis concentrates on the 

2-D random walk model as the simulation is designed for the nodes moving on surface of the 

Earth, and surface of a planet is represented as a two-dimensional model. This model is one of 
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the most widely used entity mobility models, and the other random models are different versions 

of the random walk model [1] [9] [10] [13]. 

 The nodes in this model choose a random direction and a random speed to move from 

the current position to a new location. This new direction is chosen from a random value that is 

in the range of 0 to 360 degrees. The new speed of a node is a value that lies between the 

minimum and maximum speeds that are predefined. Each node has a different speed and 

direction at one instant of time, and hence they are said to have randomness in their collective 

mobility as well [8]. 

 The random walk model can be implemented in two ways; a mobile node may travel for 

a constant time duration or for a constant distance, before a new speed and direction are 

calculated for the node to move to another location. In the first case, the node moves in one 

direction for the specified amount of time, regardless of the distance traveled and its current 

speed. In the second case, the node moves for a certain distance in one direction, regardless of 

the time it travels in that direction and its speed of mobility. This distance is specified before the 

simulation starts. The constant time or distance is fixed for the complete simulation, and only 

one of these two constraints can be attributed to the selected mobile nodes for one simulation 

of the network under test [9]. 

 The random walk mobility model has a mobility pattern that is memoryless and it cannot 

retain information about the past coordinates and speed values of the nodes. The current 

behavior of a node is independent of its previous speed and direction of mobility. Hence, this 

model can produce node movements that don’t exist in real-life, like sharp turns for changing 
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direction or sudden stops after an iteration. These features can be observed in the simulated 

results in forthcoming chapters [1]. 

 There is a boundary condition for mobile nodes that move for a constant time or a 

constant distance and reach the boundary of the simulation area before they complete their 

movement in that direction to follow the specification. They hit the boundary and bounce back 

into the simulation area. The incoming direction determines the angle at which they bounce off 

the border [10]. 

 
    Figure 3.7(a): Mobility pattern in Random Walk mobility model with constant time 
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Figure 3.7(b): Mobility pattern in Random Walk mobility model with constant distance 

 

 

Figure 3.7(a) shows the movements of a single node in a random walk mobility pattern 

with constant time of travel. The node moves in the simulation area for a specified time before 

it changes its speed and direction. The node bounces off the boundary and continues its motion 

along this new path. 

Figure 3.7(b) shows the movements of a single node in a random walk mobility pattern 

with constant traveling distance. The node moves in the simulation area for a specified distance 
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before it changes its speed and direction. The node does not travel far from its initial position in 

the complete simulation. 

The nodes move around their starting points in the random walk model. That means, 

when small values are attributed to the constant time or distance, the nodes tend to return to 

their original coordinates thereby restricting their movements to a small portion of the 

simulation area. As the specified time or distance decreases, the random walk mobility model 

exhibits static nature. This type of modeling is suitable to evaluate the performance of a semi-

static network. 

In the random walk model, the mobile nodes don’t stop at a point before changing their 

direction and speed. For any application that involves sharing of information between sensor 

nodes, there should be a time duration during which the nodes can exchange data. Hence, a 

mobility model in which the mobile nodes pause for a certain period is desired for such an 

application. If the nodes move continuously with any pause, it would make the system extremely 

dynamic thereby causing frequent node link breakages and comparatively less communication 

time for the sensor nodes. 

 
 
 

3.4.2 Random Waypoint Mobility Model 

 The most frequently used random entity model for the behavioral analysis and evaluation 

of wireless networks based on simulations is the Random Waypoint mobility model. Unlike the 

random walk model, the waypoint model allows the mobile nodes to pause for a certain time 

before they change their speed and/or direction. The characteristics of node movements 



37 
 

resemble those in the random walk model, but the spatial node distribution in the network and 

the overall mobility patterns vary drastically [1] [9]. 

All the nodes in the network initially have a random distribution in the network. This 

distribution of the mobile nodes at the beginning of simulation does not represent the 

distribution of nodes during the simulation, i.e., while moving in the area under test. Once the 

simulation starts, a mobile node stays at one location for the pause time specified initially. Then 

it changes its speed by choosing a value from the predefined range of minimum and maximum 

speeds. The new direction of travel is decided by the chosen destination and the node travels 

towards the next location with the selected speed. After reaching the desired location, the node 

pauses for a specified time before repeating the process. These steps are followed by all mobile 

nodes in the simulation area [10]. 

The random waypoint mobility model has the same boundary conditions that the random 

walk model does. If a mobile node hits the boundary of the simulation area, it bounces back at 

an angle determined by the incoming direction, which is in between 0 and 180 degrees. The 

speed remains constant till it reaches the chosen coordinates. The node then continues traveling 

in this new direction till it reaches its selected destination and pauses here before moving to a 

new location [1] [14] [15]. 

Though all the sensor nodes are randomly distributed at the beginning of the simulation, 

they tend to move towards center of the area by end of the simulation. This is a prominent 

difference between the random walk and random waypoint models, as the nodes in the random 

walk model tend to return to their initial coordinates by end of the simulation. The Random 
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Waypoint mobility model is identical to the Random Walk model if the pause time for mobile 

nodes is zero [16]. 

 
     Figure 3.8: Mobility pattern in Random Waypoint Mobility Model 

 

 

The mobility pattern of a single mobile node in the Random Waypoint mobility model is 

shown in figure 3.8. The node moves in random directions choosing destinations after pausing 

for a certain time at the previous destination. When it reaches the boundary, it pauses at that 

point for the specified duration and bounces off the border to continue traveling to a new 
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location in that direction. The incoming speed and direction are again determined from the 

predefined values. 

 
 
 

3.4.3 Random Direction Mobility Model 

 The nodes in the Random Waypoint model converge into the center of the simulation 

area. Hence, it suffers from density waves in that area. The Random Direction Mobility Model is 

designed to overcome this clustering of mobile nodes in one part of the simulation area. Unlike 

the random waypoint model in which the node chooses a new destination which is in the center 

of the area or requires travel through the center, the nodes in the random direction model 

choose a destination on the border of the simulation area and travel in that direction till they 

reach the boundary [1] [17]. 

 The mobile nodes choose the destination location and direction of travel like the nodes 

in the random waypoint model do. After reaching the destination, which is on the boundary of 

the simulation area, they pause for a certain amount of time on the border and then choose a 

new direction between 0 and 180 degrees. This resembles the boundary condition for a node in 

the random walk and random waypoint model, where it bounces off the border and continues 

its motion in the incoming direction [9]. 

 The random direction model is suitable for applications that require no density waves at 

any part of the simulation area. The random walk model has density waves around the initial 

position of the nodes. The random waypoint model has density waves in the middle of the 

simulation area. The random direction model overcomes this downside of these models by 



40 
 

allowing nodes to reach the boundary before traveling to the new destination, which is again on 

the boundary of the simulation area [1] [16] [14]. 

 
      Figure 3.9: Mobility pattern in Random Direction Mobility Model 

 

 

The movement of one mobile node in the random direction mobility model is shown in 

figure 3.9. The node does not pause anywhere in the simulation area except at the boundaries. 

The only point in the network that the node is at a point within the region is its initial position 

before starting the simulation. This node then pauses before selecting its destination (a random 
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point on the boundary) and continues traveling to this selection location. After it reaches the 

boundary, it chooses a location on one of the borders and continues moving along this direction. 

This process is repeated till the end of the simulation. The parameters of the node and its 

behavior are the same as that of nodes in the random waypoint model. The node may select its 

incoming direction towards the center, but it cannot stop there and hence does not cause any 

clustering in the network. 
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CHAPTER 4 

BONNMOTION AND SIMULATION ANALYSIS 

 
4.1 Introduction 

 The evaluation of mobility models and their performance is necessary to understand the 

behavior of a mobile network. Simulation and emulation are commonly used techniques to 

evaluate wireless sensor networks. The movements of nodes have a significant impact on the 

network analysis of a system during its simulation and emulation, as they influence the network 

topology. There are many network simulators available to model and study different mobility 

models. 

 Having synthetic models inbuilt in a simulator is great, but tools that can provide traces 

of mobility models are even better. In this thesis, BonnMotion is used to conduct simulative 

analysis of a network and its performance. BonnMotion is an open Java software that creates 

different mobility scenarios. It is the most frequently used tool to investigate the characteristics 

of wireless sensor networks. The scenarios created in BonnMotion can be exported to many 

other network simulators like ns-2, ns-3, MiXiM, Glo-MoSim/QualNet, COOJA and ONE. 

BonnMotion is chosen for this research because it has the most number of mobility models 

among all network simulators. It also has various tools to vary and analyze the parameters of 

mobile nodes in the area under test [9]. 

 Since BonnMotion needs a Java environment to run, the installation of JDK or JRE is 

required. Few batch files/shell scripts are created in the bin folder of BonnMotion during the 

installation, and can be renamed or moved as required. ‘bm’ wrapper is used to start the 
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application, ‘compile’ command is used to compile sources, and ‘makedoc’ creates the source 

code documentation. 

 In the command prompt, the directory is to be changed to the bin folder of BonnMotion 

from the current directory before starting the application. The general syntax to start an 

application is given below. 

bm <parameters> <application> <application parameters> 

If the same syntax is used without the command line parameters, additional help 

regarding the BonnMotion tools is printed. There are two ways to give input parameters for a 

scenario; one way is to enter them on the command line itself and the other is to take them from 

a file that already contains these parameters. If these two methods are used simultaneously, the 

parameters given on the command line overrides the parameters that are contained in the 

selected file. 

BonnMotion saves a scenario in two files. The first file contains the complete set of 

parameters used in the simulation with ‘.params’ prefixed to the name of the scenario. The 

second file contains the movement data of all nodes saved in a zip file with ‘movements.gz’ 

prefixed to the scenario name. 

The basic parameters used by all the models in BonnMotion are as follows: 

 -n sets the number of nodes used in the simulation 

 -d specifies the duration of simulation in seconds 

 -i sets the initial phase that needs to be cut off (additional seconds to be skipped when 

the simulation starts) 

 -x sets the width of the simulation area in meters 
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 -y sets the height of the simulation area in meters 

 -z sets the depth of the simulation area in meters 

 -a specifies the coordinates of attraction points if applicable to the model 

 -h sets the maximum speed of nodes in m/s 

 -l sets the minimum peed of nodes in m/s 

 -p sets the maximum pause time for a node in seconds 

 -o sets the minimum pause time for a node in seconds 

 -c simulates a scenario of circular shape 

 -J <2D/3D> overwrites the output dimension of node movements based on the argument 

provided in the case 

 -R sets the value of random seed manually 

 

Few of these notations may correspond to a different new parameter depending on the 

mobility model chosen. The special parameters available for specific mobility models are also 

mentioned in this chapter. 

 
 
 
4.2 Mobility Models in BonnMotion 

A variety of group as well as entity mobility models are supported by BonnMotion. A 

simple command line to generate each model and the parameters related to that model are 

discussed in this section. The five group mobility models and the three entity mobility models 

that are described theoretically in chapter 3 are considered in this thesis for network simulation 

in BonnMotion. The command lines for the scenario generation in each mobility model are 
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explained, and any new parameters applicable to that model are mentioned along with their 

meaning [18]. 

 
 
 

4.2.1 Reference Point Group Mobility Model 

 The application name of reference point group mobility model to be given in the 

command line is ‘RPGM’. The additional parameters available for this model that can be given as 

a command are given below. 

 -a to set the average number of nodes in each group 

 -c to select the probability of group change for a node 

 -r to choose the maximum distance between a node and its group center 

 -s to set the standard deviation of group size 

 

The following is a simple example of scenario generation and simulation in this model. 

bm -f model1 RPGM -n 20 -d 3600 -i 3600 -x 1000 -y 1000 -a 5 -c 0.2 -r 50 -s 10 

 

A file named ‘model1.movements’ is generated in the bin folder of BonnMotion that 

contains the information about the node movements. Another file named ‘model1’ is also 

generated in the bin folder, which is a notepad containing the details of parameters used in the 

scenario generation. 

This example generates a reference point group mobility scenario with the name 

‘model1’. There are 20 mobile nodes in this simulation area and each group has 5 nodes on an 

average. The initial cut off phase for the scenario is 3600 seconds and the total duration of 
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simulation is 3600 seconds. The dimension of the simulation area is 1000x1000 meters. The 

nodes can change their group when they are around that group with a probability of 0.2 and the 

standard deviation of the group size is 10 nodes. The maximum distance that a node can travel 

from its group center is 50 meters. 

In this model, all the nodes pause when the fictional group leader pauses, and all of them 

have the same pause duration. This model also allows dynamic groups, i.e., a node can change 

its group when it comes into the vicinity of a new group, and the probability of changing the 

group is set by the parameter -c. In this case, there may be empty groups moving in the simulation 

area and the nodes can join this group when they come into its region. If group change is not 

desired, then -c is set to 0 in the command line. 

 
 
 

4.2.2 Disaster Area Mobility Model 

 The application name of disaster area mobility model to be given in the command line is 

‘DisasterArea’. The additional parameters available for this model that can be given as a 

command are the following. 

 -a to specify the average number of nodes in each group 

 -b to choose the coordinates of catastrophe area (can be used multiple times to set many 

catastrophe areas) 

 -c to specify the group change probability for a node 

 -e to set the maximum number of catastrophe areas in the area 

 -r to specify the maximum distance between a node and its group center 

 -s to choose the standard deviation of group size 
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 -o to set coordinates of obstacles for only one group (specified in the last parameter) 

 -w to write vis. info to file and show the movements 

 -v to write vis. info to file and show a graph for vis. 

 -K to not knock over pedestrians (no ambulances in areas beside APP) 

 

The following is a simple example of scenario generation and simulation in this model. 

bm -f model2 DisasterArea -n 111 -x 275 -y 250 -p 20 -r 3 -e 6 -d 300 -i 5000 -b 20,190,20,174, 

56,190,56,174,38,174,56,182,1,20,17 -b 66,110,92,110,66,60,92,60,79,110,79,60,2,15,0 -b 20, 

190,20,174,56,150,56,174,38,174,56,182,1,20,17 -b 75,200,75,170,225,200,225,170,75,182,140, 

170,0,20,15 -b 160,15,160,55,200,15,200,55,270,0,130,0,160,25,200,25,4,30,25 -b 40,10,65,10, 

65,35,40,35,50,10,50,11,3,6,0 -o 230,200,230,140,270,200,270,140 

 

The output calculations executed in the command prompt are shown below. 

Area: 0(Type: 1) -->1 * 17 + 1 * (20-17) = 20 

Area: 1(Type: 2) -->1 * 0 + 1 * (15-0) = 15 

Area: 2(Type: 1) -->1 * 17 + 1 * (20-17) = 20 

Area: 3(Type: 0) -->1 * 15 + 1 * (20-15) = 20 

Area: 4(Type: 4) -->1 * 25 + 1 * (30-25) = 30 

Area: 5(Type: 3) -->1 * 0 + 1 * (6-0) = 6 

 

Two files named ‘model2’ are generated in the bin folder of BonnMotion that contain the 

information about the node movements and scenario parameters for this model. 
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This example generates a disaster area mobility scenario with the name ‘model2’. There 

are 111 mobile nodes in this simulation. The initial cut off phase for the scenario is 5000 seconds 

and the total duration of simulation is 300 seconds. The dimension of the simulation area is 

275x250 meters and there are total 6 catastrophic areas in this scenario. The nodes pause for 20 

seconds at each location before selecting another destination. The maximum distance between 

a node and its group center is 3 meters. The obstacles are present at four locations that are 

specified by the parameter -o. 

The tactical areas are defined by parameter -b followed by a list of coordinates that are 

separated by a comma. The three values at the end of this list are the type, wanted groups and 

transport groups for the area of disaster. The type can have the values 0, 1, 2, 3 or 4; type value 

0 is for the location of catastrophe, 1 is to represent patients waiting to be taken for treatment, 

2 is for the clearing station of casualties, 3 is for the technical operational command, and 4 

indicates the parking locations for an ambulance. This value is followed by the number of wanted 

and transport groups for that purpose. 

For a specified location of the incident, the coordinates for patients waiting to be taken 

for treatment must be specified. The coordinates of the casualties clearing station should be 

given for every patient waiting for the treatment area, and a casualty clearing station must be 

specified for every location of the parking point for an ambulance. Hence, there may be multiple 

sets of the parameter -b for one scenario. The tactical areas may be varied depending on the 

intensity and requirement of groups. Also, a combination of these areas can be used in multiple 

simulations instead of having all of them in the same simulation, by storing the parameters and 

inputting them directly to the next scenario. 



49 
 

4.2.3 Nomadic Mobility Model 

 The application name of nomadic mobility model to be given in the command line is 

‘Nomadic’. The additional parameters available for this model that can be given as a command 

are given below. 

 -a to set the average number of nodes in each group 

 -r to choose the maximum distance between a node and its group center 

 -s to set the standard deviation of group size 

 -c to select the maximum pause time for the reference point 

 

The following is a simple example of scenario generation and simulation in this model. 

bm -f model3 Nomadic -n 10 -d 600 -i 3000 -x 500 -y 500 -a 5 -r 1 -s 6 -c 30 

 

Two files named ‘model3’ are generated in the bin folder of BonnMotion that contain the 

information about the node movements and scenario parameters for this model. 

This example generates a nomadic community mobility scenario with the name ‘model3’. 

There are 10 mobile nodes in this simulation area and each group has 5 nodes on an average. 

The initial cut off phase for the scenario is 3000 seconds and the total duration of simulation is 

600 seconds. The dimension of the simulation area is 500x500 meters. The standard deviation of 

the group size is 6 nodes. The maximum distance that a node can travel from its group center is 

1 meter, and the maximum duration that the target node (reference point) can pause is 30 

seconds. 
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4.2.4 Column Mobility Model 

 The application name of column mobility model to be given in the command line is 

‘Column’. The additional parameters available for this model that can be given as a command are 

given below. 

 -a to choose the number of groups 

 -r to set the separation between reference points 

 -s to select the maximum distance between a node and its group center 

 

The following is a simple example of the scenario generation and simulation in the column 

mobility model. 

bm -f model4 Column -n 10 -d 7200 -i 4200 -x 750 -y 900 -a 5 -r 50 -s 10 

 

Two files named ‘model4’ are generated in the bin folder of BonnMotion that contain the 

information about the node movements and scenario parameters for this model. 

This example generates a column group mobility scenario with the name ‘model4’. There 

are 10 mobile nodes in this simulation and each group has 2 nodes (since there are 5 groups). 

The initial cut off phase for the scenario is 4200 seconds and the total duration of simulation is 

7200 seconds. The dimension of the simulation area is 750x900 meters. The maximum distance 

that a node can travel from its group center is 10 meters. Each reference point is separated by 

50 meters. 

In this model, the number of groups are fixed and hence the number of nodes given as 

the input parameter should be evenly divisible by the number of groups. This is to ensure that all 
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the groups are filled and there are no lone nodes left in the area. Each group may choose a 

different reference point, and the distance between reference points is also given in the input 

parameters. 

 
 
 

4.2.5 Pursue Mobility Model 

The application name of column mobility model to be given in the command line is 

‘Column’. The additional parameters available for this model that can be given as a command are 

given below. 

 -o to set the maximum speed of nodes 

 -p to set the minimum speed of nodes 

 -k to choose the aggressiveness of the pursuer nodes (value between 0 and 1) 

 -m to set the randomness magnitude of pursue (value between 0 and 1) 

 

The following is a simple example of scenario generation and simulation in this model. 

bm -f model5 Pursue -n 8 -d 60 -i 4500 -x 400 -y 300 -o 10 -p 5 -k 0.6 -m 0.2 

 

Two files named ‘model5’ are generated in the bin folder of BonnMotion that contain the 

information about the node movements and scenario parameters for this model. 

This example generates a pursue mobility scenario with the name ‘model5’. There are 8 

mobile nodes in this simulation area. The initial cut off phase for the scenario is 4500 seconds 

and the total duration of simulation is 60 seconds. The dimension of the simulation area is 

400x300 meters. The maximum speed of a node is 10 m/s and its minimum speed is 5 m/s. The 
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nodes are 60% aggressive in chasing the reference (target) node. These nodes show 20% 

randomness while moving as a group. 

 
 
 

4.2.6 Random Walk Mobility Model 

 The application name of random walk mobility model to be given in the command line is 

‘RandomWalk’. The additional parameters available for this model that can be given as a 

command are given below. 

 -t to run the simulation in time mode 

 -s to run the simulation in distance mode 

Both the modes cannot be used simultaneously in the same simulation. The following is a simple 

example of the scenario in this model set to time mode. 

bm -f model6a RandomWalk -n 1 -d 7200 -i 3200 -x 600 -y 400 -h 5 -l 5 -t 30 

 

An example of a scenario in the distance mode as follows. 

bm -f model6b RandomWalk -n 1 -d 7200 -i 3200 -x 600 -y 400 -h 5 -l 5 -s 50 

 

In the first example, a scenario with the name ‘model6a’ is created in the random walk 

mobility model. A single node moves for 7200 seconds in the simulation area, with an initial cut 

off phase of 3200 seconds. The dimension of the area is 600x400 meters. The node moves with 

a constant speed of 5 m/s as the minimum speed is equal to the maximum speed. The node walks 

for 30 seconds before it changes the direction. After the set time is up, it moves for another 30 

seconds before choosing a new location. 
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In the second example, a similar scenario is generated with the name ‘model6b’. The only 

difference between the two cases is the mode set for the simulation. In the first case, the node 

walks for a specified duration before it changes its path. In the distance mode, the node walks 

for 50 meters before changing its direction. After covering this distance, it travels another 50 

meters before choosing a new location. 

 
 
 

4.2.7 Random Waypoint Mobility Model 

 The application name of random waypoint mobility model to be given in the command 

line is ‘RandomWaypoint’. There is only one special parameter ‘-o’ in this model which enables 

the simulation of different versions of this model. It specifies the dimension of the node 

movements. This parameter can take any integral value in the range 1 to 5 depending on the type 

of mobility required. 

 With -o set to 1, the nodes move only along the x-axis thereby restricting the node 

movement to one dimension. When -o is 2, the nodes move either along the x-axis or y-axis with 

both having half probability each. When -o is set to 3, the classic two-dimensional random 

waypoint model is generated in which the nodes move randomly in any direction. When -o is 4, 

the nodes move along x or y or z axes with equal probabilities. With -o set to 5, the classic three-

dimensional random waypoint model is generated in which the nodes move randomly in 3-D 

space choosing any direction. 

 An example of creating a scenario of a classic 2-D random waypoint mobility model is 

given below. 

bm -f model7 RandomWaypoint -n 3 -d 100 -i 3800 -x 500 -y 750 -o 3 
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This command line generates a scenario with the name ‘model7’. Three mobile nodes 

move randomly in the simulation area for 100 seconds. The initial cut off phase is 3800 seconds. 

The dimension of the area is 500x750 meters. In this example, the parameter ‘-o’ is set to 3. Other 

variations of this model can be obtained by changing the value of ‘-o’. As the speed of the nodes 

and the pause time is not mentioned, the software takes a random value from a predefined range 

of speed values. The values used for a scenario are stored in the ‘.params’ file created for its 

simulation. 

 
 
 

4.2.8 Random Direction Mobility Model 

 The application name of random direction mobility model to be given in the command 

line is ‘RandomDirection’. This is a simple model that does not require any additional parameters 

for its simulation, so it uses the basic parameters that can be used in any mobility model. The 

important parameters in this model are the speeds of nodes and their pause times, as these have 

a significant impact on network topology. An example of a scenario generated in this model is 

given below. 

bm -f model8 RandomDirection -n 4 -d 360 -i 4800 -x 300 -y 750 -h 9 -l 2 -p 5 -o 3 

 

This creates a scenario with the name ‘model8’. Four nodes move randomly from one 

point on the boundary to the other for 360 seconds. The initial cut off phase for the simulation is 

4800 seconds. The dimension of the simulation area is 300x750 meters. Each node moves with a 

speed that is randomly chosen from the range 2-9 m/s. After reaching the boundary, the nodes 

pause for a duration that lies in the range 3-5 seconds. The nodes then choose a new speed and 
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direction to travel to another point on the border of the simulation area. The selected direction 

is an angle between 0 and 180 degrees as the node cannot cross the border of the simulation 

area, and hence bounces off the boundary. 

 
 
 
4.3 Analysis of Generated Files in BonnMotion 

 It is necessary to be familiar with how the data generated from a simulation is stored in 

the software to evaluate the performance of a network. The two files generated after the 

simulation of a scenario in BonnMotion provide complete information of the node movements 

and the simulation parameters. To understand this data, an easy example of a random direction 

mobility model is considered [18]. 

bm -f example1 RandomDirection -n 15 -d 8400 -i 3200 -x 800 -y 950 

 

A file ‘example.params’ is created after the simulation. It shows all parameters used for 

the simulation, including the maximum and minimum speed and pause times of the nodes that 

are not provided in the input manually. The movement data of nodes is stored as 

‘example.movements’ within a zip file. This contains the time instant of each node and its 

corresponding x-y coordinates. The information is stored in a triplet form (t,x,y), where x and y 

are the values of position vector of the node at the time instant ‘t’. 

If a similar scenario with a different mobility value is to be created, say 5m/s, the following 

command line can be used. 

bm -f example2 RandomDirection -n 15 -d 8400 -i 3200 -x 800 -y 950 -h 10 
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This takes all the parameters of example1 and overrides the maximum speed with 10m/s. 

The other parameters remain the same unless specified in the command line. Another file with 

the scenario name ‘example2’ is created and new files for its corresponding simulation 

parameters as well the node movements are stored. 
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CHAPTER 5 

EXPERIMENTS AND RESULTS 

 
5.1 Introduction 

 In this thesis, a comparative study of the three entity models discussed (Random Walk, 

Random Waypoint and Random Direction) is presented. The spatial node distribution of mobile 

nodes is observed through the simulation results obtained in BonnMotion, and the coverage 

aspects of the network are analyzed. The application of each model is discussed based on the 

behavior of nodes in a scenario. 

A MATLAB code is written which holds good to observe the node movements of any 

model generated in BonnMotion. The mobility pattern of nodes is plotted on a Graphic User 

Interface (GUI) of MATLAB. The movement of nodes from one location to another can be viewed 

as individual hops in the network. The total simulation area is divided into equal subsets of 

smaller dimension, and the number of times each subset is visited by a node is represented in a 

3-D diagram. A matrix indicating this count of node visits is also constructed to indicate the 

numerical values of the count in each subset. 

 
 
 
5.2 Code in MATLAB 

The next part of this section includes a MATLAB code to study the characteristics of nodes 

in a mobility model created in the BonnMotion software. The data from the movements file 

stored in the BonnMotion folder is imported to MATLAB and the behavior of all nodes in the 

network is observed. This code generates three important plots: each hop of a node in the 
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simulation area, the mobility pattern of nodes in the scenario, and the count of node visits in 

each block of the area under test. 

The code is self-explanatory with comment lines for every step. The variables are assigned 

with comprehensible notations for ease of understanding their meaning. This code is used for 

analyzing a scenario with a dimension of 1000x1000 meters which is divided into equal subsets 

of size 50x50 meters. Scenarios of different dimensions can be studied by making modifications 

to values in the same code. 

 

MATLAB CODE: 

clc; 

clear all; 

close all; 

  

%import data from BonnMotion generated file 

data = importdata('model.txt'); 

 

%convert the array into single row matrix 

matrix_trans = data'; 

column_martix = matrix_trans(:); 

row_matrix = column_martix'; %complete movement parameters of each node (t,x,y) 

movements_total = (length(row_matrix)/3)-1; 

  

%initialize empty matrices 

x = []; 

y = []; 

nmbr_of_nodes = []; 

  

%square grid lines 

gridx = [0:50:1000]; 

gridy = [0:50:1000]; 

for i=1:length(gridx) 

   plot([gridy(i) gridy(i)],[gridx(1) gridx(end)],'k') 

   hold on 

   plot([gridy(1) gridy(end)],[gridx(i) gridx(i)],'k') 

   hold on     

end 
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for i = 0:movements_total 

    i = (i*3)+1; 

    time = row_matrix(i); %time instant 

    x_position = row_matrix(i+1); 

    x = [x x_position]; %x-coordinates 

    y_position = row_matrix(i+2); 

    y = [y y_position]; %y-coordinates 

    %plot of movements 

    plot(x_position,y_position,'ro','MarkerSize',3,'MarkerFaceColor','r'); 

    xlabel('x-coordinates in meters'); 

    ylabel('y-coordinates in meters'); 

    title('LOCATIONS OF THE NODE BEFORE CHANGING DIRECTION'); 

    pause(0.1); %observe the displacement of a node 

    hold on; 

end 

 

%plot of mobility pattern 

figure 

plot(x,y,'k--'); 

xlabel('x-coordinates in meters'); 

ylabel('y-coordinates in meters'); 

title('MOBILITY PATTERN OF THE NODES'); 

  

%count number of times each block is visited 

counter(1:20,1:20) = 0; %initialize a counter 

for x_quant = 1:1:20 

    for y_quant = 1:1:20 

        for j = 1:length(x) 

            if (y(j)<=y_quant*50 && y(j)>=(y_quant-1)*50) && (x(j)<=x_quant*50 && 

x(j)>=(x_quant-1)*50) 

              counter(x_quant,y_quant) = counter(x_quant,y_quant)+1 %matrix of node count 

            end 

        end 

    end 

end 

figure 

surf(counter) %3D representation of node count in each block 

zlabel('number of node visits in a block'); 

title('COUNT OF NODE VISITS IN EACH BLOCK'); 

 

%verify total number of visits 

if numel(x)==sum(sum(counter)) 

    disp('verified') 

else 

    disp('error') 

end 
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This code also verifies if the number of node visits is counted correctly. The total number 

of values in the matrix of x-coordinates/y-coordinates should be equal to the sum of all values in 

the counter matrix. The equality is checked after all the plots and results are generated. This 

validation is necessary because all the locations that a mobile node visits include the points on 

the boundary as well, and if the area of the simulation is not the same as the area of considered 

in the MATLAB, additional values may be created in the counter matrix due to the boundary 

conditions specified. 

 
 
 
5.3 Analysis of Mobility Models 

The following are the three types of plots used for the analysis of the Random Walk, 

Random Waypoint and Random Direction entity mobility models. 

 

Figure 5.1: Window for node hops in the entire simulation 
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Figure 5.2: Window for the pattern of node movements 

 

 

Figure 5.3: Window for node count in subdivisions of simulation area 
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Figure 5.1 is the window in which the node movement is represented as hops from one 

location to another. Figure 5.2 shows the window that contains the mobility pattern of all the 

nodes moving in the simulation area. Figure 5.3 shows the window that contains a 3-D 

representation of the number of times each block of the scenario is visited. These three figures 

are used for the analysis of models in BonnMotion. The mobility aspects of nodes in the 

simulation of the three entity models are inspected and compared in terms of number of mobile 

nodes in the network and the duration of scenarios. The results are then used to match the 

models to generic real-life applications. 

 
 
 

5.3.1 Results for Random Walk Mobility Model 

The following are the plots showing nodes in Random Walk mobility moving with a 

constant speed of 5 m/s in the time and distance mode having an initial cut off phase of 3200 

seconds. The dimension of the area is 1000x1000 meters. The different number of nodes, the 

time periods or distances that the nodes travel before choosing a new direction and the duration 

of the scenario simulation are listed below. 

 Time mode durations: 30 seconds, 10 seconds, 5 seconds, 1 second 

 Distance mode lengths: 5 meters, 10 meters, 50 meters, 100 meters 

 Number of nodes: 1, 10 

 Scenario durations: 3600 seconds, 14400 seconds, 86400 seconds 

The input parameters given to various scenarios are mentioned in the description for each set of 

the three plots. The speed of nodes and the initial cut off phase is kept constant for all the 

scenarios, and only a few suitable combinations of these parameters are plotted for observation. 
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Figure 5.4(a): Random Walk, time mode (30 secs), one node, scenario duration-3600 secs 
 

 

   Figure 5.4(b): Random Walk, time mode (30 secs), one node, scenario duration-3600 secs 
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Figure 5.5(a): Random Walk, time mode (10 secs), one node, scenario duration-3600 sec 

 

 

     Figure 5.5(b): Random Walk, time mode (10 secs), one node, scenario duration-3600 sec 
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Figure 5.6(a): Random Walk, time mode (5 secs), one node, scenario duration-3600 sec 
 

 

     Figure 5.6(b): Random Walk, time mode (5 secs), one node, scenario duration-3600 sec 
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Figure 5.7(a): Random Walk, time mode (1 sec), one node, scenario duration-3600 sec 
 

 

Figure 5.7(b): Random Walk, time mode (1 sec), one node, scenario duration-3600 sec 
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Figure 5.8(a): Random Walk, distance mode (100 m), one node, scenario duration-3600 sec 
 

 

Figure 5.8(b): Random Walk, distance mode (100 m), one node, scenario duration-3600 sec 
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Figure 5.9(a): Random Walk, distance mode (50 m), one node, scenario duration-3600 sec 
 

 

Figure 5.9(b): Random Walk, distance mode (50 m), one node, scenario duration-3600 sec 
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Figure 5.10(a): Random Walk, distance mode (10 m), one node, scenario duration-3600 sec 
 

 

Figure 5.10(b): Random Walk, distance mode (10 m), one node, scenario duration-3600 sec 
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Figure 5.11(a): Random Walk, distance mode (5 m), one node, scenario duration-3600 sec 
 

 

Figure 5.11(b): Random Walk, distance mode (5 m), one node, scenario duration-3600 sec 
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Figure 5.12(a): Random Walk, time mode (30 secs), 10 nodes, scenario duration-3600 secs 
 

 

Figure 5.12(b): Random Walk, time mode (30 secs), 10 nodes, scenario duration-3600 secs 
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Figure 5.13(a): Random Walk, time mode (30 secs), 50 nodes, scenario duration-3600 secs 
 

 

Figure 5.13(b): Random Walk, time mode (30 secs), 50 nodes, scenario duration-3600 secs 
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Figure 5.14(a): Random Walk, time mode (30 secs), one node, scenario duration-14400 secs 
 

 

Figure 5.14(b): Random Walk, time mode (30 secs), one node, scenario duration-14400 secs 
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Figure 5.15(a): Random Walk, time mode (30 secs), one node, scenario duration-86400 secs 
 

 

Figure 5.15(b): Random Walk, time mode (30 secs), one node, scenario duration-86400 secs 
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Observations: 

 In both the modes (time and distance), as the value of the parameter decreases, the 

nodes tend to restrict their movement around their initial point, and the distribution of 

these nodes looks more contained at one region. The node movement is more erratic for 

less time duration or distance of travel, and the network becomes more dynamic. With 

higher values of time or distance traveled, the distribution is more open and hence the 

nodes reach more number of blocks. The stability of the system increases in this case. The 

response of both the modes to different input parameters is similar, and hence behave 

alike in a scenario. 

 As the number of nodes increases, the coverage of the simulation area improves, but the 

number of times a block is visited is not uniform. This is because the nodes tend to move 

around their respective initial locations, and hence these locations partially act as 

attraction points for the corresponding nodes. It is also observed that the number of times 

each node bounces off a boundary is high. 

 The duration of the scenario has a great impact on the uniformity of spatial node 

distribution. As the time of simulation increases, the nodes are observed to cover most 

of the area. Having the nodes move in the network for a longer time yields the best 

required output in terms of network coverage, without the accumulation of nodes at 

specific points. Also, a single node does not bounce off the boundaries as many times as 

multiple nodes do in the same scenario moving with the same speed and for the same 

amount to time. 
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Conclusion: 

In the random walk mobility model, having a single node move for a longer period covers 

more area of the network uniformly than having multiple nodes move for a shorter duration. 

Also, the probability of the mobile nodes reaching the borders of the simulation area is less when 

a single node is traveling in the area for a longer duration as compared to multiple nodes traveling 

for a shorter duration. 

 
 
 

5.3.2 Results for Random Waypoint Mobility Model 

The following are the plots showing nodes in Random Waypoint mobility moving with a 

constant speed of 5 m/s and a maximum pause time of 10 seconds, having an initial cut off phase 

of 3200 seconds. The dimension of the area is 1000x1000 meters. The different number of nodes, 

the type of the random waypoint model (only in 2-D) and the duration of the scenario simulation 

are listed below. 

 Variations of parameter -o: Type 1 (only along x direction – 1D), Type 2 (along x and y 

directions with each with a 0.5 probability), Type 3 (along x or y direction randomly-classic 

2D model) 

 Number of nodes: 1, 10, 25, 50 

 Scenario durations: 900 seconds, 3600 seconds, 14400 seconds, 86400 seconds, 120000 

seconds 

The input parameters are mentioned in the description for each set of the three plots. The speed 

of the nodes, maximum pause time and the initial cut off phase is kept constant for all the 

scenarios, and only a few suitable combinations of these parameters are plotted for observation. 
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Figure 5.16: Random Waypoint, 10 nodes, type 1, scenario duration-900 secs 
 

 

Figure 5.17: Random Waypoint, 50 nodes, type 1, scenario duration-900 secs 
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Figure 5.18(a): Random Waypoint, one node, type 2, scenario duration-14400 secs 
 

 

Figure 5.18(b): Random Waypoint, one node, type 2, scenario duration-14400 secs 
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Figure 5.19(a): Random Waypoint, one node, type 2, scenario duration-86400 secs 
 

 

Figure 5.19(b): Random Waypoint, one node, type 2, scenario duration-86400 secs 
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Figure 5.20(a): Random Waypoint, one node, type 2, scenario duration-12000 secs 
 

 

Figure 5.20(b): Random Waypoint, one node, type 2, scenario duration-120000 secs 
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Figure 5.21(a): Random Waypoint, one node, type 3, scenario duration-3600 secs 
 

 

Figure 5.21(b): Random Waypoint, one node, type 3, scenario duration-3600 secs 
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Figure 5.22(a): Random Waypoint, one node, type 3, scenario duration-86400 secs 
 

 

Figure 5.22(b): Random Waypoint, one node, type 3, scenario duration-86400 secs 
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Figure 5.23(a): Random Waypoint, one node, type 3, scenario duration-120000 secs 

 

 

Figure 5.23(b): Random Waypoint, one node, type 3, scenario duration-120000 secs 
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Figure 5.24(a): Random Waypoint, 10 nodes, type 3, scenario duration-900 secs 
 

 

Figure 5.24(b): Random Waypoint, 10 nodes, type 3, scenario duration-900 secs 
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Figure 5.25(a): Random Waypoint, 10 nodes, type 3, scenario duration-3600 secs 
 

 

Figure 5.25(b): Random Waypoint, 10 nodes, type 3, scenario duration-3600 secs 
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Figure 5.26(a): Random Waypoint, 25 nodes, type 3, scenario duration-3600 secs 
 

 

Figure 5.26(b): Random Waypoint, 25 nodes, type 3, scenario duration-3600 secs 
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Figure 5.27(a): Random Waypoint, 50 nodes, type 3, scenario duration-3600 secs 

 

 

Figure 5.27(b): Random Waypoint, 50 nodes, type 3, scenario duration-3600 secs 
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Observations: 

 When the nodes are set to move only in one dimension, there is good node coverage in 

each horizontal path, but there is too much redundancy of node visits. 

 When the nodes are set to move either horizontally or vertically with a probability of 0.5, 

the area is covered with higher probability as the number of nodes increases. 

Nevertheless, one location is visited multiple times at the intersection of node paths. 

Another observation is that the nodes spiral around the center of the simulation region, 

hence the area surrounding the center is visited with the highest probability with any 

number of nodes. 

 When the number of nodes is increased, keeping the duration of simulation constant, the 

nodes move towards or through the center of the area. The nodes direct themselves 

towards the center as they approach the borders, and hence the node coverage is 

unevenly distributed in the network, with the center being visited more number of times 

than the borders. The coverage of the network by all the nodes in this model is observed 

to resemble a Gaussian distribution. 

 The increase in the scenario duration for a single node gives similar results as increasing 

the number of nodes for a lesser scenario duration. The nodes visit the center more often 

than they visit the borders of the area. The nodes choose a location which is in the center 

or requires traveling through the center as they approach the boundary. The center of 

the simulation area acts as the attraction point for this model regardless of the number 

of nodes considered or the duration of scenario. This density wave is observed around 

the center in type 2 of this model. 
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Conclusion: 

In the random waypoint mobility model, the simulation area is covered in the same 

pattern regardless of the scenario duration and the number of nodes moving in the area. There 

is clustering of nodes in the center of the network and equally low number of node visits towards 

the borders of the simulation area. 

The version of this model in which the nodes move only in one dimension cover their 

corresponding paths with excessive number of visits to the same region, as they are restricted to 

move only along a single line. The version in which nodes move only along x or y direction 

produces density waves around the center and redundancy at intersections of visited locations. 

 
 
 

5.3.3 Results for Random Direction Mobility Model 

The following are the plots showing nodes in Random Direction mobility moving with a 

constant speed of 5 m/s and varying minimum and maximum pause times, having an initial cut 

off phase of 3200 seconds. The dimension of the area is 1000x1000 meters. The different number 

of nodes, range of pause times and the duration of the scenario simulation are listed below. 

 Number of nodes: 1, 10, 25 

 Pause times: 5-10 seconds, 30-45 seconds, 60-80 seconds 

 Scenario durations: 3600 seconds, 86400 seconds, 120000 seconds. 

The input parameters are mentioned in the description for each set of the three plots. The speed 

of the nodes and the initial cut off phase is kept constant with variables ranges for pause time of 

nodes for all the scenarios, and only a few suitable combinations of these parameters are plotted 

for observation. 



90 
 

 

Figure 5.28(a): Random Direction, 1 node, pause 5-10 secs, scenario duration-3600 secs 

 

 

Figure 5.28(b): Random Direction, 1 node, pause 5-10 secs, scenario duration-3600 secs 
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Figure 5.29(a): Random Direction, 1 node, pause 5-10 secs, scenario duration-86400 secs 
 

 

Figure 5.29(b): Random Direction, 1 node, pause 5-10 secs, scenario duration-86400 secs 
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Figure 5.30(a): Random Direction, 1 node, pause 5-10 secs, scenario duration-120000 secs 
 

 

Figure 5.30(b): Random Direction, 1 node, pause 5-10 secs, scenario duration-120000 secs 
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Figure 5.31(a): Random Direction, 1 node, pause 30-45 secs, scenario duration-3600 secs 
 

 

Figure 5.31(b): Random Direction, 1 node, pause 30-45 secs, scenario duration-3600 secs 
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Figure 5.32(a): Random Direction, 1 node, pause 60-80 secs, scenario duration-3600 secs 
 

 

Figure 5.32(b): Random Direction, 1 node, pause 60-80 secs, scenario duration-3600 secs 
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Figure 5.33(a): Random Direction, 1 node, pause 60-80 secs, scenario duration-86400 secs 
 

 

Figure 5.33(b): Random Direction, 1 node, pause 60-80 secs, scenario duration-86400 secs 
 



96 
 

 

Figure 5.36(a): Random Direction, 1 node, pause 60-80 secs, scenario duration-120000 secs 
 

 

Figure 5.36(b): Random Direction, 1 node, pause 60-80 secs, scenario duration-120000 secs 
 



97 
 

 

Figure 5.34(a): Random Direction, 10 nodes, pause 60-80 secs, scenario duration-3600 secs 
 

 

Figure 5.34(b): Random Direction, 10 nodes, pause 60-80 secs, scenario duration-3600 secs 
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Figure 5.35(a): Random Direction, 25 nodes, pause 60-80 secs, scenario duration-3600 secs 
 

 

Figure 5.35(b): Random Direction, 25 nodes, pause 60-80 secs, scenario duration-3600 secs 
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Observations: 

 The duration of the simulation has a significant impact on the mobility pattern and 

coverage of network with nodes a Random Direction Model. As the number of nodes 

increases, the nodes cover the area inside the boundaries with greater probability. The 

nodes travel to the border of the scenario and hence don’t change their direction and 

speed very often. 

 The pause time of nodes also influence the coverage of a network prominently. If the 

pause time is more, the nodes cover lesser area even with the same number of mobile 

nodes and scenario duration. 

 By increasing the number of nodes and pause time simultaneously, less redundancy of 

nodes visiting the same region is observed and the network appears to be stable. 

Conclusion: 

The nodes in the random direction mobility model cover the whole path in between two 

selected points on the boundaries. There is no clustering (density waves) of nodes at one point 

in the network. The time taken to cover the entire network is however more. The boundaries are 

not flooded with the node visits as well, as these nodes take sufficient time to travel from one 

point on the boundary to another. 
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CHAPTER 6 

INFERENCES AND FUTURE SCOPE 

 This thesis presents a simulation based information to understand the effect of mobility 

on a wireless sensor network. It includes the analysis of scenarios generated in BonnMotion 

software through various MATLAB plots. The spatial node distribution and the area coverage of 

a network are discussed for different random entity mobility models. The observations and 

conclusions derived from these plots are presented. 

 It is seen that the Random Walk mobility model can be used for applications that require 

the sensor nodes to return to their point of origin and not travel far from this point. This model 

can be applied to networks having many localized servers at random places in the entire area 

that collect data from other information sources/sensor nodes in their region and pass the data 

to one of the sensor nodes in other regions cumulatively. 

The Random Waypoint mobility model can be used in scenarios which require the nodes 

to cluster at the center of their network area, or pass through this midpoint for most of the time. 

This can be used for systems that have centralized servers that collect and process data from 

several smaller servers in the area. 

The Random Direction mobility model can be applied for systems that have their main 

servers on the boundary of its network. The sensor nodes collect data from every data source 

that lies in their path from one edge of the boundary to the other, and the servers share this data 

with their neighboring servers on the border to validate the information received to reach 

consensus. 
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Though all the three mobility models have nodes that move randomly, each of them have 

different characteristics and node behaviors. The distribution of nodes in the network before, 

during and after the simulation vary distinctly, thereby making them application oriented models 

that cannot be compared for a single general scenario. One of the feasible ways to implement 

mobility models in a complex system is to integrate different models and have them serve all the 

purposes collectively. 

The time it takes to reach consensus depends on the rate at which the mobile nodes cover 

the entire region of observation. It is seen from the simulation that, random direction model 

covers the complete area uniformly, given that there are no time or energy constraints on the 

network. This uniform spatial distribution of nodes is desirable to achieve faster convergence in 

any network. The other two models (Random Waypoint and Random Walk) have clustering of 

nodes in specific parts of the area, hence the number of iterations taken to cover the entire area 

is higher. 

Further parametric study of these models is required to apprehend the influence of 

mobile nodes on the rate of consensus in a network. The system variables like computational 

capabilities of nodes and processing delays need to be examined and applied to the existing 

models for designing a real-time wireless mobile sensor network. 

The same mobility models can be simulated in 3-D as well to study the behavior of nodes 

in such scenarios. These models can then be used in communication systems for airplanes or any 

sensors that don’t lie on the same plane. Adding this mobility aspect to any application gives 

more scope for implementing wireless sensor networks with faster consensus rates and benefits 

of higher network coverage. 
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