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ABSTRACT

A Mobile Ad hoc network (MANET) is a dynamic self-
organizing multi-hop wireless network. Owing the random
and unpredictable movement of the mobile nodes, the
topology is changing rapidly and frequently. In MANET,
where is no routing infrastructure like fixed routers and
routing backbones, all MNs participate in the routing process.
Recently, position-aware routing protocols, and because of
their simplicity, position awareness, and scalability, are the
most routing protocols used with MANET. In recent years, a
variety of position-aware routing protocols have been
developed. The efficiency of such protocol affects by the used
underlying mobility model. Thus, wrong selection of the
Mobility model may has devastating consequences on the
performance MANET. Research efforts haven't focused much
in evaluating their performance when applied to different
mobility models. In this paper, we have studied the effect of
two different mobility models; Random Waypoint mobility
model (RWP) and Boundless Mobility Model (BDM) on the
performance of selected group of position-based routing
protocols. The performance analysis was carried out by using
the network simulator, Ns2. The simulation results clarify the
performance of the selected routing protocols with three
performance metrics.
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1. INTRODUCTION

Mobile ad hoc network (MANET) is a self-organized
network; it consists of mobile nodes in the fly. The mobile
nodes communicate wirelessly, and can serve as both hosts
and routers at the same time [1]. MANET is a multi-hop
wireless networks where all participating nodes involved in
the routing process. Hence, a routing protocol in MANET
runs on every node and is affected by the resources at each
mobile node [2].

MANET performance and reliability depends on the used
routing protocol [1]. Such routing protocols need to work well
not just with a law mobility and small network. But also, we
need more dynamic routing protocol that responds quickly to
high mobility, and frequent topology changes. Recently,
position-aware routing protocols, and because of their
simplicity, position awareness, scalability, are the most used
with MANET.

The mobility characteristics of mobile nodes represent the
changing over time in their speed, direction, and acceleration
values [3]. In the simulation environment, the Mobility
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models mimic the movement pattern of the participating
nodes for any MANET protocol [4]. To evaluate the
performance of any new routing protocol, the selected
mobility model to be used with this protocol has a highly
consideration [5]. Thus, the selected mobility model may have
negative effects on the position-based routing protocol and
can harm its performance [6].

The goal of this paper is to analyze the performance of
different position-based routing protocols under two different
mobility models. The selected routing protocols are; Greedy
Routing protocol (GFS) [7], Greedy Perimeter Stateless
Routing (GPSR) protocol [8], Directional Greedy Routing
Protocol (DGRP) [9], and Mobility-based Adaptive Greedy
Forwarding (MAGF) [10]. The performance evaluation has
been done with two types of mobility models which are
Random Waypoint Mobility Model RWP [11], and Boundless
Mobility Model BDM [12]. In this paper, the comparison held
in two different scenarios, each performed under three
selected performance metric.

2. RELATED WORK

Mobility pattern, in many previous studies was assumed to be
random waypoint. More recently several studies in the state of
the art argued that this model have served several drawbacks
in the performance of routing protocols. The difference of
results is spectacular, and it is clear that such a conflict has
devastating consequences on the performance of routing
protocol and MANET performance.

Bettstetter and Krause in [3] have shown through simulation
results that the RWP model introduces a non-uniform
distribution of mobile nodes location. Furthermore, the results
gathered in [3] has been analytically confirmed by Chu and
Nikolaidis in [13], where it was shown that using random
waypoint model incurs hot spot problem at the center of the
simulated network. Divecha et al. in [14], have shown that in
the case that density is directly proportional to the throughput
of the MANET network, this result is acceptable if the density
does not acceded a certain level where the performance of the
routing protocol will be decreased and degraded.

Camp, et al. in [6] has shown that classic Random Waypoint
is unsuitable to mimic the Features of the real-world nodes’
mobility patterns. Also they argued that RWP model can
generate unreliable results.

Harri et al. in [15] argued that the main challenge posed by
the wireless network is the characterization of network
mobility level. The Random Waypoint model, which is the
well known model, generated of random linear speed-constant
movements within the simulated area boundaries. Also, they
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have shown that using any Random Waypoint model produces
useless and unreliable results that affect the performance
level. This comes as a result of higher density of mobile nodes
in the center of the simulated area. Yan et al. in [16] proved
experimentally that the hired mobility model in MANETSs
may greatly affect network performance in terms of
throughput, loss, and delay.

3. OVERVIEW OF SELECTED
ROUTING PROTOCOLS

In this section, we briefly describe the key features of the
unicast position-based routing protocols studied in our
simulations. Generally, greedy forwarding strategy (GFS)
considered the most used routing protocol in MANET.
Regarding to the dead-end handling procedures, the proposed
position-based routing protocols can be broadly divided into
two main categories. These categories are; Recovery
Strategies to Handle GFS Failure (RSGF), and Supportive
Enhancement for GFS (SEGF). In RSGF, once GFS fails due
to dead-end problem, the recovery phase should be executed
to continue routing the stuck packet around the void. With
SEGF, GFS is enhanced by adopting other metrics besides
distance metric to achieve other objectives besides shortest
path objective. With SEGF, the proposed solution is still in
need to the recovery mode to be executed as GFS fails due to
dead-end problem.

To cover each category in our comparison we select Greedy
Perimeter Stateless Routing (GPSR) from RSGF category.
Further, from SEGF category we select Directional Greedy
Routing Protocol (DGRP), and Mobility-based Adaptive
Greedy Forwarding (MAGF). The common thing with all
above protocols, that each of them uses greedy routing (GFS)
as initial forwarding mode. To elaborately purpose of this
work, we also add the conventional position-based routing
protocol GFS.

With GFS, each node selects the next relay node as the one
closest to ultimate target than itself. The packet continues
forwarded greedily till it ends in a void node. Thus, we can
say that our greedy routing is fail, and one of the recovery
modes should continue the forwarding mission in behalf of
GFS. In this work we denoted GFS as GPSR* (GPSR version
with perimeter mode switched off).

4. MOBLITY MODELS OF MANET
Mobility model mimics the movement of the mobile nodes
within the network [18-20]. Thus, and as proved in [21], the
selected mobility model for simulation can impact the
proposed protocol performance significantly. Also, the works
in [22-24] emphasize the same idea, and they argued that
selected mobility model affects MANETS in multiple aspects,
such as; routing performance and network capacity.

Based on the results presented in [21-24], the authors proved
that the selected mobility pattern is considered as a selective
issue, and it should accurately characterize the planned
scenario in which the proposed protocol is likely to be used.
Moreover, in order to derive performance bounds and to
understand the limitations of our proposed algorithm in
comparing it with other work, such mobility model should be
mathematically tractable. Finally, the selected mobility model
should be flexible enough to furnish, qualitatively and
quantitatively, various mobility features when varying some
parameters of the selected model.
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5. ANALYSIS OF SELECTED ENTITY
MOBILITY MODELS

In this section, we only briefly introduce the two compared
entity mobility models RWP, and BDM. For full extra
information about mobility models the work in [4] can be
concern.

5.1 Random Waypoint Mobility Model
Random waypoint is a simple model that is easy to analyze
and implement. This has probably been the main reason for
the wide spread use of this model for simulations. The
Random Waypoint Mobility Model has been used for the first
time in [11]. In the current network simulator (NS-2)
distribution, the implementation of this mobility model is as
follows: each mobile node in the simulation area of fixed size,
assigned an initial self-position, and a destination position.
The two positions are selected independently and uniformly
on the simulation area. The speed of MNs is chosen uniformly
on an interval [Vmin, Vmax], independently of both the initial
self-position and destination’s position. Next, MN starts to
travel from its current position towards the selected
destination with constant velocity chosen uniformly and
randomly from The pause time is selected uniformly between
0 and pre-specified period of time independently of speed and
positions. After reaching the destination, a mobile node starts
its staying in the destination for a certain pause time. Once the
pause time expires, the MN selects a new random destination
and new speed independently of all previous destinations and
speeds. It then starts traveling towards the new selected
destination at new speed.

5.2 Boundless Simulation Area

Completely contrary to Random waypoint model, the
movement of mobile nodes with the Boundless Mobility
Model interlaces and considers the relationship between the
previous movement characteristics of the mobile node with its
current characteristics [12]. In BDM model, velocity and
motion direction of current movement randomly diverge from
the previous velocity and motion direction after each time
increment. This introduces a smooth node’s movement in both
velocity and motion direction. The position, velocity and
motion direction are updated at every (At) time steps.

The most advantage of using BDM is refer to its unique
behavior as a mobile node reaching the border of the
simulation area it does not return back into simulation area;
instead it continues to go forward and reappears on the other
side of the simulation area. Thus, this advantage removes the
negative side effects of the simulation edge in the
performance evaluation of the used routing protocol. As an
outset of the unique BDM’s characteristics, it creates more
realistic node movement traces.

6. SIMULATION STUDY

Below there is a description of the simulation and mobility
model set-up. The influence of the two selected mobility
models on the performance of position-based routing
protocols is stated.

6.1 Simulation Set-up

The goal of the simulation is to investigate the performance of
the selected routing protocols based on the two mobility
models, we use network simulator 2 version 2.34 [17]. For
this simulation sake, we use the default settings for the GPSR,
PDGR, MAGF, and GFS routing protocols and with the
following specifications;
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e The simulation network area is 2500 m x 2000 m
rectangle with 250m nodes’ transmission range. We use
the MAC layer protocol 802.11 DCF RTS/CTS.
Bandwidth (Bw) set to standard value of 4 mbps. Traffic
model uses Continuous Bit Rate (CBR) traffic sources.
Traffic sources transmit data at a fixed data rate of 5
packets/s. Data packet size set to standard values 512
bytes and beacon packet size is 64 bytes. We consider
randomly 15 source-destination pairs.

e  To get perfect results through performing the simulation,
the experiments were executed in two different scenarios.

» In the first scenario, the two mobility models
are compared in different number of nodes; 50,
100, 200, 300, 400, and 500, and with fixed
speed 20 m/s.

» In the second scenario, the two mobility
models are compared in different speed values;
5, 10, 20, 30 and 40 m/s, and with fixed the
number of node to 200 nodes.

e All the performance results presented are an average of
50 different simulation trials. The simulation for each
scenario is executed in a period of 1200, seconds, and to
avoid the effect of initializing and ending, we only gather
the data between 800s — 1000s.

6.2 Mobility Models Set-up

Table 1 summarizes the main simulation parameters and their
values used in this paper that is relevant to Random Waypoint
Mobility and Boundless Mobility Models.

Tablel. Simulation parameters of Random Waypoint
Mobility and Boundless Mobility models

Waypoint | Description Value | Unit
Mobility Model | Pause time 0 §
Speedinterval | [1,40] | m/s
Motiondirection | [0,27] | degree
Boundless | Description Value | Unit
Mobility Model | Maximum speed (V) 40 m/s
Maximum acceleration (4y:) | 10 m/s?
Maximum angular (o) 90 degree
Updating time steps (A7) 1000 | ms

7. PERFORMANCE EVALUATION
METRICS

For the simulation results, and to compare the two mobility
models, we consider the following performance metrics:

e  Packet Delivery Ratio (PDR): This ratio represents
the number of data packets successfully received by
the destination to the total number of packets sent to
destination.

e  End-To-End Delay (E2E-D): This metric represents
the difference between the time a data packet is
received by the destination and the time the data
packet is generated by the source.

e Routing overhead: This metric represents the ratio
between the numbers of control packets transmitted
for every data packet sent. And we used the
following formula to find it out.
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8. EXPERIMENTAL RESULTS

This section presents the results of the conducted experiments
to analyze and compare the impact of Random Way Point and
Boundless Mobility Models on position-based routing
protocols. The cropped results are based on the two scenarios
that have been discussed in the previous section to show the
effects of each mobility model.

8.1 Performance of Selected Routing

Protocols for Varying Number of Nodes

In the first scenario, the speed of MNs is fixed to 20m/s and
compared with variance number of participating nodes; 50,
100, 200, 300, 400, and 500. RWP and BDM mobility models
were tested on selected routing protocols. To finalize the
results, this work based on three performances metric which
are Packet Delivery Ratio, End-to-end delay, and Routing
Overhead.

In our simulation for varying number of nodes we can notice
that performance of selected routing protocols using BDM is
much better than RWP. Figures 1 up to Figure 12, depicts in
details the effects of both mobility models on the performance
of the selected routing protocols. From the results it is clear
that through employing very low number of nodes that using
RWP mobility model negatively affected the performance of
the selected routing protocols compared when using BDM
mobility model. Because the high performance of RWP much
related to the density of nodes at the center of simulation area,
and with high distributed nodes with no movement correlation
this defiantly harms RWP performance. As the number of
nodes is increased the performance becomes more or less
constant with both mobility models, but if density is too large,
more and more of nodes try to access the common medium,
which results in more congestion at the interface of the mobile
nodes and the number of collisions increase. This can severely
degrade the performance of both mobility models that will
affect the performance of selected routing protocols in terms
of decreasing packet delivery ratio and increasing overhead
and show more delay. Owing the hot-spot area and
uncorrelated motion problems of RWP mobility model, using
BDM mobility model result in high performance even with
dense networks. As a result, the performance of the selected
routing protocols shows noticeable dependence on the
selected mobility model. BDM mobility model outperforms
RWP mobility model in both sparse and dense networks. Thus
the performance of position-based routing protocol using
BDM mobility model improved too.
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Figs 1-4: Packet delivery ration with the selected routing
protocols vs. both mobility models using various nodes
number
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8.2 Performance of selected routing
protocols for varying speed on both

mobility models

Due to the significant aspect of speed in the used mobility
model, this scenario, deployed fixed number of participating
nodes which is 200 nodes, and varies the movement speed as;
5, 10, 20, 30 and 40 m/s. With these two specifications, the
two mobility models were tested on the selected position-
based routing protocols. The total throughput of the system
was averaged. As illustrated in Figure 13 to Figure 24 it is
clear that as the mobility increases; the performance of both
mobility models deteriorates. But in all cases, BDM performs
better than RWP, Which proportional to the performance of
the selected routing protocols.
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For RWP as speed is increasing, the delivery ratio decreases.
The situation is also the same with BDM, but with higher
delivery ratio compared to RWP. The results for RWP and
BDM are explained by the fact that the inaccuracy of location
information increase as the speed of MNs increase which
result in packet loss. Both of RWP and BDM showed that the
routing delivery ratio is inversely proportional to the
increment speed value of nodes.

The high latency value in MNs using RWP refers to the
distribution nature at the center of simulated area which
introduces congestion and cause packet drop and
retransmission and rerouting. May, at the same time the low
latency value for MNs using BDM can be attributed to the
congestion scarcity to be occurred. With both mobility
models, the common tendency is that the end-to-end delay is
directly proportional with the increment speed value of nodes.

The increasing of overhead value with RWP is referring to the
movement changes in direction with sudden stops and sharp
turns of each MN. When the speed of MNs is increasing, the
topology will change frequently; this will result in increasing
the number of control packets required to update the location
information, thus overhead increases too. Also what we
noticed here is that the routing overhead is directly
proportional to node speed with both mobility models.

9. CONCLUSION AND FUTURE WORK

This work is focused on the performance of GPSR with
selected performance metric in terms of two mobility models.
To perform the performance evaluation process, a detail
simulation was executed using the network simulator Ns 2.33.
The simulation results with the two conducted scenarios have
shown that Boundless mobility model achieved a better
system performance than Random Waypoint mobility model.
The results indicate that Boundless mobility model produces
the highest delivery ratio, lowest end-to-end delay and control
overhead compared to Random Waypoint mobility model.
Also, the cropped result prove that the performance of GPSR
position-based routing protocol varied across different
parameters used in the two scenarios through varying the
number of nodes and the values of speed. Further study
should be assigned to the Boundless mobility model on the
real implementation to be sure if it is suitable to be deployed
in real-life implementation.
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