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cols is difficult to understand and some problems may occur while developing these pro-
Accepted 9 September 2016

tocols. Simulation is a relatively fast way of estimating these protocols and understating
what is happening in the network. Thus, this paper presents an open source Graphical-

Keywords: based educational simulation tool called Gbest-WSN for simulating routing protocols of
Wireless Sensor Networks the static and mobile, homogeneous and heterogeneous WSNs. Gbest-WSN tool has a user-
Routing protocols friendly interface that helps the user to select the routing protocol and define the network
Genetic algorithm configuration. It is provided with four routing protocols; namely LEACH, LEACH-Mobile,
Immune algorithm immune algorithm-based and genetic algorithm-based routing protocols. Also, it allows the
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user to update the existing routing protocols and add a new routing protocol. Gbest-WSN
is provided with radio, coverage and mobility models for modeling the hardware of the
sensor node. It shows a detailed 2D and 3D graphical perception for what is happing dur-
ing the routing process. Also, it has the ability to compare the simulation results of dif-
ferent simulation methods or different network configurations. In addition, it allows the
user to save and load simulation scenarios and also exports the graphical results on PDF
files and the statistical results on excel or mat files. Moreover, Gbest-WSN is provided with
html help documents to help the user how to use it. The illustrative simulation examples
clarified that the Gbest-WSN is a helpful tool for the students, teachers and researchers
who work in the field of WSNs.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

A Wireless Sensor Network (WSN) consists of up to thousands of small size devices called the sensor nodes. Sensor
node is a self-powered device with capabilities of sensing, processing and wirelessly communicating. The technology of
WSN was developed for military applications, but now it widely used in many fields such as the medical and healthcare
applications, the environment and habitat applications, the industrial and civilian applications, the automation applications
and the control application [1-3]. Due to the limited power and non-rechargeable battery options, the energy resources of
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the sensor nodes should be handled wisely to extend their lifespan. So, many routing protocols [4-20] have been developed
to improve the lifetime, the bandwidth reusability and the scalability of WSNs. These routing protocols operate in rounds
manner, where each round consists of a setup phase and a steady-state phase. In the setup phase, the network is partitioned
into equal or unequal sized clusters with selecting a best Cluster Head (CH) for each one and concurrently, single-hop or
multi-hop routes from CHs to sink are constructed. While in the steady-state phase, data of the sensor nodes are transferred
through an adaptive or a fixed number of frames to the sink via the constructed routes.

The operation of routing protocols is difficult to understand and some problems may occur while developing these pro-
tocols. These problems may not be identifiable without a way to actually see what is happening in the network. Also, the
validation and measuring the performance of routing protocols in the real testbed is costly and time consuming. So, simula-
tion is a relatively fast way of estimating the routing protocols of WSNs before applying them practically. The command-line
simulations are complicated and their printouts should be analyzed to follow the process of routing and draw a whole per-
ception of what happened in the network. Therefore, these simulations are non-attractive for naive users who search for
the easier simulation tool. Graphics make the routing process easier to understand and teach how WSN operates and how
its protocols really work.

Thus, this paper proposes a Graphical-based educational simulation tool (Gbest-WSN) for monitoring the operation of
routing protocols and comparing between them. Gbest-WSN tool is built based on Matlab environment. MATLAB [21], de-
veloped by MathWorks Inc., is a software package for high-performance numerical computation and visualization. The com-
bination of analysis capabilities, flexibility, reliability, and powerful graphics make MATLAB the premier software package
for scientific researchers. Gbest-WSN tool has a friendly graphical user interface that helps the user to define the network
configuration, choose the routing protocol and select the radio, coverage and mobility models of the sensor nodes. The
Gbest-WSN tool is provided with four routing protocols; namely are LEACH [4], LEACH-Mobile [5], genetic algorithm-based
[10-12,22,23] and immune algorithm-based [13-15,24]| routing protocols. Gbset-WSN tool is an open source software which
allows the user to update the existing routing protocols and add a new routing protocol. Also, it has the ability to compare
between the simulated results of different simulation methods or different network configurations. It shows a 2D and 3D
graphical perception for what is happing in the network during the routing and clustering processes. In addition, it exports
the obtained statistical results on excel or mat files and the obtained graphical results on PDF files. Moreover, it is pro-
vided with html help documents that help users how to use it. Therefore, Gbest-WSN tool could be useful for the students,
teachers and researchers in their work. The rest of the paper is organized as follows. Section 2 is a literature survey about
the various developed simulation tools. A brief discussion about the considered routing protocols in our simulation tool is
presented in Section 3. Section 4 describes the architecture, functionalities and requirements of the proposed Gbest-WSN
simulation tool and its operation flow diagram. The performance of Gbest-WSN is validated through some of illustrative
simulations in Section 5. Finally, Section 6 offers some conclusions with future directions for Gbest-WSN tool.

2. Related works

Many simulation tools have been developed to simulate WSNs [25-38], but most of them forces users to have knowledge
on programming languages that make them non-attractive for the naive users. NS-2 [25] is a command-line general purpose
network simulator which originally developed for simulating the routing protocols of wide-area networks. Simulations in
NS-2 are written by C++ and OTcl (Object-oriented Tcl) languages. Although NS-2 is an object-oriented architecture, it
suffers from the scalability problem in terms of the memory usage and the simulation time. Also, it cannot simulate the
bandwidth and the power consumption problems of WSNs. SensorSim [26] is an extension version of NS-2 that is provided
with additional features for modeling the WSNs. These features include sensor channel models, battery and radio models,
lightweight protocol stacks for wireless micro-sensors, scenario generation and hybrid simulation. SensorSim suffers from
the scalability problem because it is built up on NS-2.

A component-based compositional simulation environment called Java Simulator (J-Sim) [27,28] is developed entirely in
Java. Unlike to NS-2, the concept of J-Sim is based on the Autonomous Component Architecture (ACA). ACA consists from
three-level components; target node, sensor node and sink node. These nodes communicate with each other by sending and
receiving data using their ports. J-Sim is an object-oriented and provides definitions of sensor node, target node, sink node,
communication channel, mobility model and power model. However, it is not user-friendly and supports only 802.11 as
MAC Layer and AODV as routing protocol. Neves et al. [29] enhanced the J-Sim functionality by developing a user interface
that increases the user-friendliness of J-Sim. The developed simulator was called G-JSim. G-JSim allows the user to define
the number of sensor and target nodes, network topology method, power, sensor and mobility models. Although G-JSim
increases the user-friendliness in definition of the network parameters, it does not provide a visualization perception for
what is happening in the network.

SENSE (Sensor Network Simulator and Emulator) [30,31] is a command-line simulator that was developed for WSNs
based on a component-oriented simulation technology. The operation of SENSE depends on command line parameters, C++
compiler and make files to run. SENSE suffers from the user-friendliness problem because it has not a graphical interface and
displays the simulation results on the terminal directly. Moreover, it forces the users to have knowledge on C++ language.
Rosa et al. [32,33] solved the interface problem of SENSE tool by developing a G-Sense simulator. G-Sense tool is provided
with a graphical user interface for creating the simulation scenario and entering the simulation parameters. Moreover, G-
Sense allows the user to save and load simulation scenarios and also exports the simulation results on PDF files. G-Sense
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