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ABSTRACT

Wireless sensor network (WSN) is widely used for field data acquisition and
monitoring in different domains. To make this type of network functional, ef-
ficient routing protocols must be implemented. Nevertheless, WSNs have an
energy constraint due to limited batteries. Many clustered protocols are pro-
posed to overcome it. However, the implementation of these protocols would
be difficult to understand without a simulation tool, as some problems may arise
during their development. Testing real-world applications requires a lot of ef-
fort and cost because they often use many nodes in large networks. Therefore,
the simulation tool is the most relative way to evaluate these protocols. This
paper presents graphical-based cluster protocols simulation interface for WSN
(GCPS-WSN), a new interface to simulate some clustered protocols in WSNs.
GCPS-WSN allows the user to evaluate the performance of certain low energy
adaptive clustering hierarchy (LEACH) enhanced protocols to choose the most
appropriate one for his system. The user can simulate protocols without any
knowledge of software programming.
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1. INTRODUCTION
Nowadays, wireless sensor networks (WSNs) are extensively used to address the need for a reliable

and secure networked system in diverse sectors, such as military, healthcare, environment, industrial applica-
tions, and even in the underwater sector [1]. The WSN is composed of many sensor nodes. Wireless commu-
nication and digital electronics enable the development of low-power, tiny sensor nodes [2], [3]. These sensor
nodes are self-powered, self-organized devices with four units, including sensing (equipped with one or more
sensors), processing, communication, and energy source (generally batteries). Sensor nodes in WSN must be
functional for a long period of time in order to maintain data collection. However, the energy resources of the
sensor nodes are constrained due to the limited power and the non-rechargeable and non-replaceable batteries
[4].

Consequently, to extend the lifetime and optimize energy consumption of WSN, several routing pro-
tocols are developed and proposed in the literature [5]–[14] and, in particular, we have proposed three new
cluster-based routing protocols [9], [12], [15]. The implementation of these routing protocols would be compli-
cated to interpret without a simulation tool, as some problems may be encountered during their development.
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Thus, validating and testing real-world applications implementing routing protocols requires a lot of effort,
time, and cost because they often use a great number of nodes in such large networks [16]. Therefore, the
simulation tool is the most relative way to evaluate and measure these routing protocols and the entire network.
In addition, a graphical user interface (GUI) that presents the performance of the routing protocols and allows
the user to interact effectively with the sensor network is becoming an essential element of the sensor network
applications. In this context, there are many simulation tools available [17]–[20]. Nevertheless, these simula-
tions are not very appealing to the non-expert users who are looking for a simple simulation tool or who do
not have any knowledge of soft programming. Graphical interfaces facilitate the understanding of the routing
workflow and allow us to learn how WSNs work and how their protocols work in reality [21], [22].

Therefore, this paper presents a new GUI, called graphical-based cluster protocols simulation interface
for WSN (GCPS-WSN). The GCPS-WSN helps users and especially researchers to evaluate some clustered
routing protocols based on many metrics. This GUI is based on the MATLAB tool. Furthermore, the proposed
GCPS-WSN tool includes five clustered protocols, LEACH, LEACH-C, and our protocols balanced residual
energy LEACH (BRE-LEACH), Improved-LEACH, and improved balanced residual energy LEACH (IBRE-
LEACH). In addition, it provides a comparison between these protocols for every network configuration setting
regarding stability, network lifetime, and energy consumption of the entire network. With this personalized
interface and depending on the application where the routing protocol is to be implemented, the user can easily
define the network configuration and choose the right routing protocol for his WSN application.

The remainder of this paper is structured as follows. Section 2 provides an overview of LEACH,
LEACH-C, BRE-LEACH, improved-LEACH, and IBRE-LEACH. The proposed GCPS-WSN with its structure
and areas included in this GUI are explained in section 3. Some examples of illustrative simulation using the
GCPS-WSN tool are discussed in section 4. Section 5 describes the standalone application. Finally, section 6
concludes the paper.

2. OVERVIEW OF ROUTING PROTOCOLS IN WSN
Routing protocol is a technique for finding the right route for data to be sent from the source node

to the base station (BS). They aim to achieve network scalability, enhance data transfer, and improve energy
efficiency [23]. Clustering is an effective technique to balance energy in WSNs through data aggregation [24].
Clustering-based routing protocols are used in WSNs to realize energy efficiency as the clustering method
reduces the number of packets routed in the network [25].

2.1. LEACH
LEACH [5] is a hierarchical routing protocol based on the clustering technique where nodes are

grouped together to establish clusters. Hence, any cluster has a cluster-head (CH) to aggregate the data from
the cluster members and send it to the BS. The objective of LEACH is to balance the energy in the network to
improve the efficiency of WSNs by dividing the network into clusters, and by randomly rotating the CHs. The
LEACH protocol consists of two phases in each round. In the first phase, each node decides independently of
the other nodes to be a CH based on a randomly chosen value and a threshold function. Based on the received
signal strength indicator (RSSI), each non-CH node joins its CH by selecting the closest one. When clusters
are built, each CH assigns a time division multiple access (TDMA) schedule for its members. In the second
phase, each non-CH node transmits its acquired data to its corresponding CH using a time slot in the TDMA
schedule. After data fusion by the CHs, this data will be transmitted to the BS.

2.2. LEACH-C
LEACH-C was proposed by Heinzelman et al. in [13], it is one of the improved LEACH protocols. It

is based on the clustering technique and consists of two phases as LEACH. However, LEACH-C is a centralized
approach, where the BS selects CHs and forms clusters in the network depending on energy and node’s location
unlike the self-organization of nodes into clusters in LEACH. In the first step, each sensor node sends its
location and remaining energy information to the BS. Thus, the BS chooses, based on this information, the
nodes that will be the CHs in the network for each round. The second step is similar to the steady phase of
LEACH.

2.3. BRE-LEACH
BRE-LEACH [9] is an improved LEACH approach. It enhances stability, network lifetime and opti-

mizes energy consumption compared to LEACH. The BRE-LEACH approach consists of four phases. BRE-
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LEACH enhances LEACH by selecting CHs based on residual energy to avoid quick depletion of CH energy, as
CHs consume more energy than other nodes due to data aggregation and transmission to the BS. Subsequently,
BRE-LEACH selects the CH with the most residual energy and the smallest distance to the BS as a root CH,
which aggregates the data from other CHs and then sends it to the BS. Thus, the CHs use the multi-hop method
to reach the root.

2.4. Improved-LEACH
McIntyre et al. [12] have proposed an improved LEACH-based clustering protocol, which aims to

enhance the classical LEACH protocol by improving the network lifetime and optimizing energy consumption
in the WSN. This protocol selects CHs in each round according to the residual energy. After clusters formation
based on the RSSI, intra-cluster distance, and the maximum number of nodes in each cluster, certain nodes
cannot join any cluster. This approach allows these nodes to send their data to the BS through a single hop. In
addition, it suggests the multi-hop technique between CHs to opt for the optimal route to the BS or the single
hop directly to the sink if that is the optimal route.

2.5. IBRE-LEACH
IBRE-LEACH [15] is a new and improved approach to LEACH and BRE-LEACH to select CHs,

form clusters, and route data to the BS. It is designed to increase network stability, extend lifetime, minimize
energy consumption, and enhance the number of packets arriving at the final receiver. After clusters formation
based on residual energy, some nodes cannot be included in any cluster. These nodes are called abandoned
nodes (ANs). When all nodes know their role, the IBRE-LEACH algorithm selects the CH or AN with the
most energy and shortest distance to the BS as the root node. It aims to participate in routing. Thereafter, each
CH/AN build its routing table based on the distance of all CHs, ANs, root, and BS. Each CH/AN use its routing
table to determine the optimum route to the BS depending on conditions such as energy and distance factors.

3. GRAPHICAL-BASED CLUSTER PROTOCOLS SIMULATION INTERFACE FOR WSN
The GCPS-WSN tool could be precious for researchers working in the field of WSNs, and especially

routing protocols, as it has many interesting properties. It facilitates understanding of the routing workflow and
allows us to learn how WSNs work and how their protocols perform in reality. It is a user-machine interface that
allows users to interact with a software program through different graphical objects (menus and buttons). Other
objects (such as panels and tables) are used to format the graphical interface. It allows to control an application
interactively from a menu, rather than launching commands and programs. It also allows presenting simulation
results through graphic tools for a clear understanding.

The GCPS-WSN offers many features, such as i) providing a user-friendly interface that allows to de-
fine the desired network parameters according to the application and to choose the appropriate routing method;
ii) allowing the user to evaluate the performance of several existing LEACH enhanced routing methods to
choose the best one for its network; iii) presenting the architecture of each protocol and detailed graphical per-
ception of what occurs in the network during the routing procedure; iv) comparing the performance of various
protocols according to the configuration parameters; v) visualizing the distribution of nodes in the network, the
number of alive, dead nodes and finally the total residual energy of the network.

Consequently, the proposed GCPS-WSN facilitates using clustered routing protocols in the WSN. It
is characterized by rapid and easy access to parameters without touching programs. Even if the user has no
knowledge of MATLAB, he/she can simulate these proposed clustered routing protocols and compare their
performance according to different metrics. The user can easily define the network configuration and choose
the right routing protocol for his WSN application. It can compare different clustered protocols based on
several metrics, such as energy consumption, stability and network lifetime, and so forth. The GCPS-WSN
interface supports five cluster routing protocols, including LEACH [5], LEACH-C [13], BRE-LEACH [9],
Improved-LEACH [12], and IBRE-LEACH [15].

3.1. Proposed GCPS-WSN structure
Figure 1 displays the GCPS-WSN main screen interface. It consists of three principal fields: the

routing method field, the comparison between LEACH and other methods, and the comparison of more proto-
cols. The first area ‘routing protocol’ allows us to evaluate the performance of each clustered routing protocol
separately according to the network configuration that will be entered later. The second area ‘Comparison to
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LEACH’ compares the performance of LEACH with another LEACH-based protocol among the four proto-
cols (LEACH-C, BRE-LEACH, Improved-LEACH, and IBRE-LEACH). Finally, the third section ‘Compari-
son of more protocols’ concerns a comparison between several protocols, for example, a comparison between
LEACH, BRE-LEACH, and IBRE-LEACH.

By clicking on the help button at the top right, a brief description of the GCPS-WSN application is
displayed on the right. The “help documentation” button displays a pdf, with details of this application and
its use. A click on the “close” button closes all open windows. Moreover, to know the interest of each button
on our system, we pass the mouse over it and a comment is displayed. The GCPS-WSN interface allows the
user to evaluate each routing protocol individually, then compare them to each other to find the best one for its
application in the WSN, without going into the software details of each method.

Figure 1. The main interface of GCPS-WSN

3.2. Network configuration
After selecting the desired protocol to be evaluated, a second interface is opened containing the proto-

col architecture in one field, the input parameters in a second field, which includes network configuration, the
required energy for the devices, and clustering parameters. Then, the simulation buttons are presented in the
third field. Let’s take the example in Figure 2 if we select the BRE-LEACH protocol.

In the “input parameters” menu, new simulations can be carried out and the user can choose the
desired parameters to run the simulations. In this menu, all input parameters are also chosen for the upcoming
simulation. This menu consists of a network configuration area where all input data are entered, an energy area
where the estimated energy consumption of each device and operation is specified, and a routing and clustering
area that provides information on clustering and routing methods.

In this area, the user set information about his network, such as the number of nodes in the network,
the monitoring area, the type of node deployment, and information about the BS, like its coordination and type.
At this time, we only consider static BS and random deployment. In future work, we will consider other types.
The initial energy, expressed in joule (J), shows the starting energy provided at the beginning of each node.
Eelec indicates the energy dissipated in the electronic components for the transmitter and the receiver. Efs
presents the energy dissipated in the amplifier for the free space (when the distance between the transmitter
and the receiver is small). Emp indicates the energy dissipated in the amplifier for multi-path propagation.
EDA exhibits the energy required for packet aggregation at the CH. The “routing and clustering” field includes
information on the desired percentage of CH in the network, the length of each packet to be sent by each sensor
node, and the simulation iterations.
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In the “simulation” menu, the “clear” function is included to clean up the current simulation pa-
rameters and results. From here, the user can create a new configuration and update the existing one. The third
option in this menu is “RETURN”, which allows returning to the main menu of the GCPS-WSN interface as
shown in Figure 1. At any time, the user can stop the simulation execution and close all open windows by using
the “close” option.

Figure 2. The BRE-LEACH protocol interface

By pushing the “simulation” button, described in Figure 2, the “graphical results” panel displays the
simulation curves in terms of the distribution of nodes in the network, the curve of alive nodes, dead nodes, and
the total residual energy in the entire network. As shown in Figure 2, the deployment of 100 random sensor
nodes in the network in an area of 100× 100 m2, with a static BS at coordinates (50,175) are presented in the
upper left area of the graphical results field. The graph of dead nodes during the 3000 iterations is provided
in the top right. Meanwhile, the curve of the alive nodes over 3000 rounds is given at the bottom left. Finally,
the total residual energy of the entire network is shown in the lower right corner of the graphical results field.
Considering that the percentage of CHs in the network is 5%, that the packet size to be transmitted is 4000 bits
for each node, and that the initial energy of each node is considered to be 0.5 J. To illustrate more simulations
using the GCPS-WSN interface, we do the same as BRE-LEACH to other routing protocols (LEACH, LEACH-
C, Improved-LEACH, and IBRE-LEACH).

4. EXAMPLES OF ILLUSTRATIVE SIMULATIONS USING GCPS-WSN
From the GCPS-WSN interface, we can compare the performance of all the discussed cluster routing

protocols with the original LEACH protocol. Figure 3 compares BRE-LEACH with LEACH according to
setting parameters (see right side of the figure). The same applies to comparisons between the LEACH-C and
LEACH, Improved-LEACH and LEACH, or between IBRE-LEACH and LEACH.

As the GCPS-WSN interface compares the performance of different protocols with the LEACH ap-
proach, it is also able to compare the performance of more protocols. Let’s take the example of the comparison
between LEACH, LEACH-C, BRE-LEACH, and IBRE-LEACH. Figure 4 shows the distribution of nodes and
a comparison between the mentioned protocols in terms of the number of dead nodes, the number of alive
nodes in the network, and the total residual energy of the entire network.
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Figure 3. Comparison of BRE-LEACH with LEACH

Figure 4. Performance comparison of LEACH, LEACH-C, BRE-LEACH, and IBRE-LEACH

5. STANDALONE APPLICATION
In order to render our GCPS-WSN GUI as an independent, executable application, we created a stan-

dalone application on MATLAB. In this context, GCPS-WSN was deployed and converted into an executable
file (.exe). Our GCPS-WSN system can run successfully on computers with or without MATLAB software,
thanks to the MATLAB compiler runtime (MCR). The MCR is a set of libraries for running MATLAB ap-
plications or components on computers where MATLAB is not installed. It is free to use and distribute and
can be downloaded from the MathWorks website. After running the GCPS-WSN application (called GCPS
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WSN.exe), our system’s main interface is displayed as shown in Figure 1. All the other interfaces and options
discussed in previous sections 3 and 4 remain at the same stage.

6. CONCLUSION
This paper provided GCPS-WSN, a new GUI tool to emulate and simulate some LEACH-based clus-

tered routing protocols in static and homogeneous WSN. The GCPS-WSN provides many features, such as
a simple interface to define the desired network parameters related to the application and to choose the ap-
propriate routing method. Thus, it allows the user to evaluate the performance of some clustered routing
protocols, including LEACH, LEACH-C, and our proposed protocols BRE-LEACH, Improved-LEACH, and
IBRE-LEACH, and choose the one that best suits his system. GCPS-WSN describes the architecture of the
mentioned protocols and gives a detailed graphical view of the network during the routing process. In addi-
tion, it is intended to compare the performance of these protocols based on the configuration parameters. The
GCPS-WSN is used to visualize for each protocol the distribution of nodes in the network, the number of alive
and dead nodes, and finally the total residual energy of the network. Furthermore, it compares the simulation
results of different approaches for each network configuration considering different metrics. The proposed
interface facilitates the use of our routing protocols in the WSN. It features quick and easy access to the param-
eters without touching the programs. Even if the user has no knowledge of MATLAB, he or she can simulate
the proposed clustered routing protocols and compare their performance according to different metrics. In
future work, we will include more flexibility in the support of protocols such as mobility and heterogeneity.
In addition, we would like to extend the proposed GCPS-WSN to investigate other routing protocols and the
possibility to integrate any protocol desired by the user. Moreover, other functionalities will be added to the
GCPS-WSN, such as simulation registration, and color control of graphical results.
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