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Abstract: The aim of this study is to design a software tool for lifetime estimation for Wireless Sensor Network
(WSN) applications simulated using Global Mobile System Simulator (GloMoSim). WSN are emerging
because of the developments in wireless communication technology and miniaturization of the hardware. The
solutions developed for WSN applications focus more on maximizing the lifetime of the network. The
parameters such as number of nodes, data rate, MAC protocols, sampling rate, etc., influence the lifetime of
a WSN application. In this paper, a sophisticated GUI based software tool called WECalc: Wireless Energy
Calculator is designed to accept user inputs and to invoke GloMoSim. The advantages of WECalc tool are
threefold. 1. Easy simulation of WSN applications through this GUI. 2. Flexible changes to various parameters
that influence the lifetime and calculation of network lifetime prior to real time deployment. 3. A value addition
to GloMoSim for WSN applications. The designed tool was experimented with changes in number of nodes,
node position, MAC protocol, routing protocol, traffic pattern, etc., and the network lifetime was calculated
which extends the utility of GloMoSim to WSN applications also. From the results obtained using this tool, it
is observed that the MAC protocol with RTS-CTS mechanism performs well and routing protocol with on-
demand route establishment mechanism increases the lifetime in WSN applications. Also, lifetime of the
network depends on number of nodes involved in the path between source to sink and network lifetime is
reduced when the sampling rate is increased. 
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INTRODUCTION

Wireless Sensor Networks consist of number of
sensor nodes. The nodes are resource constrained in terms
of battery power, memory, and processing. The
applications of WSN include agriculture, target tracking,
health care monitoring system, etc. Wireless sensor
network is a type of Adhoc network with unique features
(Ian et al., 2002). The number of nodes in the sensor
network application is higher than the number of nodes in
an Adhoc network. Nodes are densely deployed and prone
to failure. There is no fixed topology in wireless sensor
network. The nodes do not have global ID as the number
of nodes is very high. 

Lifetime of the sensor network depends on the battery
lifetime which is very much a scarce resource. Nodes in
multi-hop wireless Adhoc sensor network act as data
originator and data router. The battery energy is spent for
the activities such as sensing, processing, and
communicating the data. But, communication activity
consumes more energy than sensing and processing
activities. Hence, the limited battery energy of the sensor
nodes is the major issue and prolonging the lifetime is the
most important design challenge in WSN applications.

Thus, the network lifetime, the duration during which the
network functions, becomes an important performance
measure (Alfieri et al., 2007) in WSN applications.

GloMoSim is a library based sequential and parallel
simulator for simulating wireless networks. GloMoSim
uses a parallel discrete-event simulation capability
provided by Parsec.  GloMoSim supports various Adhoc
network protocols in data link, transport, and application
layers (GloMoSim manual, 2011). The main limitations of
GloMoSim are, text based input interface and no support
for energy analysis. 

DESIGN AND IMPLEMENTATION OF THE
SOFTWARE TOOL 

GloMoSim is a scalable simulation environment and it
supports both wired and wireless network using layered
approach. It is a text based simulator and uses standard
APIs. The three main files used for simulation are
config.in, nodes.input, and app.conf. Config.in file
contains the details about the parameters such as
simulation and radio, MAC and routing protocols along
with various statistics options for application, transport,
network, MAC, and radio layers. These parameters are
selected by the user as per the requirement. 
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Fig. 1: Block schematic of WECalc tool

Application developers can specify the coordinates of
the nodes and mobility using nodes.input file. Traffic
pattern for the network can be generated using app.conf
file. Application layer protocols such as FTP, HTTP,
TELNET, and CBR are supported by GloMoSim. A
statistical file called glomo.stat is created using these
three files by running the command glomosim config.in >
a.trace. 

In order to simulate a WSN application using
GloMoSim, the developer must know the syntax and
semantics of the APIs used in config.in file. The
coordinates of the nodes and the traffic pattern to be
generated depends on the number of nodes specified in
the config.in file. To analyse the network performance
with different number of nodes the node coordinates and
exact traffic pattern for the given number of nodes must
be specified correctly in nodes.input and app.conf files
respectively. Otherwise, GloMoSim throws errors while
generating the output file, glomo.stat. 

The  block schematic of WECalc tool is shown in
Fig. 1. The application specific parameters of WSN such
as number of nodes, node position, MAC, Routing
protocols, and traffic pattern are given and processed
through GUI. From the given parameters, three files
required for the simulation are prepared and GloMoSim
is run using shell script. The output of the  GloMoSim,
statistics  file  generated, is given as  input to extraction
module  written using awk programming to get the
application layer details for the lifetime estimation. The
energy model supported in this tool is applied on the
output of extraction module. The calculated lifetime of the
network is displayed through GUI along with other
information  such  as  packet  information,  energy details,
etc. 

Design of GUI to simulate WSN application: As the
wireless sensor networks are application specific, a GUI
is designed using Glade 3.6.7 for simulating a
homogeneous WSN application with TelosB motes.

Glade is a Rapid Application Development (RAD) tool
that enables quick and easy development of user
interfaces for the GTK+toolkit  and  GNOME desktop
environment (Details about Glade, 2011). The radio
parameters of TelosB (TelosB Mote Specification, 2011)
such as data rate, radio_tx_power, etc., are set as default
values in config.in file and displayed in general setting
window of the tool. 

Number of nodes in the application to be developed
is specified through WSN application configuration
window. The default node placement and CBR traffic
pattern for the given number of nodes are displayed in the
respective text boxes. User can easily change these two
details and the changes are updated automatically in
nodes.input and app.conf files of GloMoSim respectively.
Node Syntax and CBR Syntax buttons are provided to
help the user to know the syntax for specifying the input
parameters such as node position in terms of coordinates,
mobility, and CBR traffic pattern.  

MAC layer protocol and routing protocol used by the
application are specified through radio buttons provided
in protocol selection window. In this tool, MAC layer
protocols such as CSMA, MACA, and IEEE 802.11 and
routing protocols such as Bellman-Ford, AODV, DSR,
and WRP supported by GloMoSim Version 2.03 are used.
Config.in file is updated with the necessary information
such as the number of nodes, MAC protocol, and routing
protocol specified by the application. ‘glomo.stat’ file is
generated by running a shell script.

Design of lifetime predictor: Processing and extracting
the required information from glomo.stat file is another
challenge in GloMoSim. There are more information such
as total number of packets sent, byes sent, average end to
end delay, etc., in glomo.stat file. Even for a network with
less number of nodes the size of the glomo.stat file is
huge. As the number of nodes in WSN application is
more, a shell script and an awk TelosB Mote
Specification (2011) program is written to extract
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necessary information from the application layer statistics
of glomo.stat and to calculate total number of packets sent
by regular nodes and received by sink node. 

A shell script to process glomo.stat and to extract
total number of packets sent by regular nodes and
received by sink node is as follows:
cat glomo.stat | grep App | grep Total | grep packets | awk
–f  result.awk
A sample awk program to calculate total number of
packets sent and received is as follows:

BEGIN

{Tot_Sent = 0
Tot_Received = 0;}
{if($10 ==” sent:”) Tot_Sent+ = $11
else if ($10 ==” received:”) Tot_Received+ = $11;}
END

{printf(“Total Number of Packets sent by Regular Nodes
= %f\n”,Tot_Sent)
printf(“Total Number of Packets sent by Sink Node =
%f\n”,Tot_Received);}

Through WSN scenario window of this tool, parameters
such as sampling rate, sampling time, energy consumption
while running, sending, and receiving are obtained based
on the hardware specified in WSN application. From the
information given, the lifetime of the application is
calculated using python program.  

Algorithms: Algorithm to run glomosim through GUI to
generate glomo.stat for a homogeneous WSN application:

C Set the simulation time and terrain dimension to 200
seconds and 2000 x 2000 respectively (Say).

C Set the radio parameters in config.in, as per the data
sheet of  Crossbow’s TelosB  mote TPR 2400.

RADIO-TX-POWER  15.0 dBm
RADIO-ANTENNA-GAIN 10.0 dBm
RADIO-RX-SENSITIVITY 91.0 dBm
RADIO-RX-THRESOLD 81.0 dBm

C Set the frequency and data rate in config.in, as per
the TelosB mote specification for 802.15.4/ ZIGBEE
compliant RF transceiver.

RADIO-FREQUENCY 2.4e9
RADIO-BANDWIDTH 250000 (in bps)

C Get the number of nodes in the network through text
box. Display the default nodes.input and app.conf
information in the respective windows

C Specify (x, y, z) co-ordinates and movement of nodes
by changing the default nodes.input file information
(If the number of nodes is more than 20, then by
default random placement strategy is assumed)
(Update config.in and nodes.input).

C Specify CBR traffic pattern by changing the default
app.conf file (Update app.conf).

C Select MAC and Routing protocols used in the
application through radio buttons (Update config.in).

C Run a shell script to invoke GloMoSim with
config.in and to generate glomo.stat file.

Algorithm to extract and print the number of packets sent
by regular nodes and received by sink node from
application layer statistics of glomo.stat:

C Input glomo.stat to awk.
C Initialize variables Tot_Sent and Tot_ Received to

zero.
C Extract the lines with words packets sent and packets

received.
C Repeat steps 5 through 8 till the end of file is

reached.
C Read the values of packets sent by regular node and

store it in variable Num_Sent.
C Sum the value of Num_Sent and Tot_Sent and store

the result in Tot_Sent.
C Read the value of packets received by sink node and

store it in variable Num_Received.
C Sum the value of Num_Received and Tot_Received

and store the result in Tot_Received.
C Print the values of Tot_Sent and Tot_Received.

Algorithm to calculate lifetime of the network:

C Get the WSN application scenario parameters such as
sampling rate (SR), sampling time (ST), Energy
Consumption while CPU Running (CRE), Energy
Consumption for Sending (ECS), and Energy
Consumption for Receiving (ECR).

C Calculate Processing Energy (PE), Sending Energy
(SE), and Receiving Energy (RE) using the following
formula:

PE = SR × ST×CRE
SE = [(512×8) / 250000(b/s)]×(CRE + ECS)
RE = [(512×8) / 250000(b/s)]×(CRE + ECR)

C Calculate Total Initial Energy  (TIE) using the
formula 
TIE = Number of Nodes×1182 mAh

C Calculate Energy/Second (EPS) using the formula

EPS  = ES/ Simulation time
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Number of Regular Nodes

Energy Spent (ES) = (Number of Packets Sent)i×
i


1

(SE + PE) + (Number of Packets
Received by Sink)×(RE + PE)

Calculate Lifetime of the Network (LTN) using the
formula:

LTN = TIE / EPS

C  Display the values of LifeTime of the Network LTN,
Sending Energy SE, and Receiving Energy RE.

Sample calculation of lifetime of a WSN application
using wecalc: The following typical wireless sensor
network scenario is considered for calculating energy
spent for transmitting and receiving packets in a WSN
application with 4 nodes:

Energy consumption while CPU running  (for doing
calculations)       : 08 mA
Additional consumption for sending (via  radio)  : 10 mA
Additional consumption for receiving (via radio) : 06 mA

It is assumed that energy for idle state is negligible.
Every 200 milliseconds a measurement has been taken. A
single measurement takes 5 milliseconds. 

Energy calculation for the wireless radio connection
with a capacity of 250 Kbps is as follows:

Energy for computation and processing:

5 samples/second×0.005 seconds (for single
measurement)×8 mA = 0.2 mAs 

Sending energy for one packet:
(512 bytes×8 bit) / (250000 bits/s)×[(8 mA (basic
consumption) + 10 mA (for sending)] = 0.2949 mAs 

Receiving energy for one packet:
(512 bytes×8 bit)/(250000 bits/s)×[(8 mA (basic
consumption)+6 mA (for receiving)]= 0.2293 mAs

From the simulation, it is observed that total number
of packets sent by regular nodes is 1,10,000 and total
number of packets received by sink node is 9,635 for a
network with 4 nodes and simulation time of 200 seconds.
The MAC protocol IEEE 802.11 and Bellman-Ford
routing are used in simulation. 

TelosB contains two AA batteries. One Carbon Zinc
AA battery provides 591mAh. So, energy provided by
TelosB sensor mote is 1182 mAh.

Node battery Initial Energy = 1182 mAh
Total Initial Energy = Number of nodes×Initial Energy =
4×1182 mAh = 4728 mAh

Total Energy Spent for 200 seconds of simulation
time = Total Number of packets sent by regular nodes×
(Sending Energy+Processing Energy)+Total Number  of
packets received by sink node×(Receiving Energy+
Processing energy) = 1,10,000×(0.2+0.2949)+9,635×
(0.2+0.2293) = 58575.31 mAs

Energy per Second =   58575.31/200 = 292.88 mAs
Therefore, the lifetime of the network = 4728/292.88 
= 16.14 Hours

Illustration of tool usage: This Section illustrates the
usage of WECalc tool through the Steps 1 to 5.

Step 1: General Settings: The simulation time, terrain
dimension, and application specific WSN
hardware parameters such as data
rate,radio_tx_power, radio_ antenna_gain,
radio_rx_sensitivity, radio_rx_thershold are set
and displayed through general setting window of
the tool as shown in Fig. 2.

Step 2: WSN Application Configuration: Number of
nodes to be used in the application is given
through WSN application configuration window
as shown in Fig. 3. Default nodes.input and
app.conf file for the given number of nodes is
displayed in the corresponding text boxes. The
user can change the node position and traffic
pattern required for their application and save
through this window.

Step 3: Protocol Selection: This window of WECalc tool
enables the user to select MAC and routing
protocol used in the application and is shown in
Fig. 4.

Step 4: WSN Scenario: This window is used to provide
necessary parameters for lifetime estimation
based on the hardware specified such as
sampling rate, sampling time, energy
consumption while CPU running, sending, and
receiving energy as shown in Fig. 5. 

Step 5:  LifeTime Predictor: Relevant information about
the WSN application such as Number of packets
sent by regular nodes, number of packets
received by sink node, sending and receiving
energy of the hardware used, and lifetime of the
WSN application are displayed through Lifetime
predictor window of the tool as shown in Fig. 6.

EXPERIMENTS AND RESULTS

The designed tool was experimented by varying the
parameters influencing the lifetime and the results
obtained are compared as shown below. The data rate of
(TelosB Mote Specification, 2011) 250 Kbps is used for
all the cases.
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Fig. 2: General settings window

Fig. 3: WSN application configuration window

MAC protocol vs lifetime: The effect of the influence of
the MAC protocol on the lifetime was calculated using
this  tool  for  various  MAC protocols  such  as CSMA,
MACA, and IEEE 802.11. During the analysis, the
number of nodes was fixed to be 10 and the routing
protocol was fixed as Bellman-Ford. The results are
plotted as shown in Fig. 7.

From the graph, it is understood that the lifetime is
more for the network with MACA protocol when
compared to CSMA. This is due to the fact that the RTS-

CTS mechanism used in MACA reduces the collision
which leads to increase in lifetime. Also, the network
lifetime is less when IEEE 802.11 MAC protocol is used.
It may be attributed to the fact that IEEE 802.11 uses
RTS-CTS-ACK mechanism resulting in more
transmission and reception of packets leading to more
energy consumption.

Routing protocol vs lifetime: The effect of the influence
of   the  various  routing  protocol  on  the  lifetime  was
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Fig. 4: Protocol selection window

Fig. 5: WSN scenario window

calculated for Bellman-Ford, AODV, and DSR. For this
experiment, the number of nodes was fixed to be 10 and
the MAC protocol was fixed as IEEE 802.11. The results
are plotted as shown in Fig. 8.

From Fig. 8, it is observed that AODV performs
better than the Bellman-Ford algorithm. The reason is that
processing energy   required  for processing the  routing
table to establish a  path and routing table exchanges
consume more energy in Bellman-Ford algorithm. AODV
establishes a route to a destination only on demand which
increases the lifetime of the network. The routing
overhead involved due to the source routing mechanism
employed in DSR consumes more energy leading to
reduced lifetime.

Number of nodes vs lifetime: In this experiment, the
MAC and routing protocol used were IEEE 802.11 and
AODV, respectively. The influence of the number of
nodes on the lifetime was calculated using this tool and
plotted as shown in Fig. 9.

From Fig. 9, it is seen that the lifetime increases as
the number of nodes is increased. Further, it can be seen
that there is an increasing and decreasing trend. This is
attributed to the fact that the number of transmissions and
reception of packets depends on the positioning of the
nodes in the field. There is a possibility that in a network
with less total number of nodes, the number of nodes from
the source to sink node may  be  more and thereby more
energy   is   consumed   for   transmission  and  reception
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Fig. 6: Lifetime predictor window

Fig. 7: Comparison of lifetime using variousMAC protocols

Fig. 8: Comparison of lifetime using various routing protocols

leading to reduction in lifetime. Though the total number
of nodes is increased further, if less number of nodes are
in the path from source to sink, then also the total energy
consumed will be less, resulting in more lifetime.

Fig. 9: Comparison of number of nodes and lifetime

Fig. 10: Comparison of sampling rate and lifetime

Sampling rate vs lifetime: An experiment was conducted
to determine the effect of sampling rate on the lifetime.
For this experiment, number of nodes was fixed to be 10
and  MAC  and  routing  protocols  were  fixed  as IEEE
802.11 and Bellman-Ford respectively. The results
obtained were plotted as shown in  Fig. 10.
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From the graph of Fig. 10, it is observed that the
lifetime of the network is reduced when the sampling rate
is increased. When more number of samples are taken, the
total number of bits processed is more and the energy
spent for processing these bits is also more which reduces
the lifetime.

CONCLUSION

In WSN applications energy efficiency stands among
the top attributes given the constraint of sensor battery
energy in unattended deployments and more focus is
given on lifetime estimation of the network. It is
necessary to know the lifetime of the network before
actual deployment of application, in particular for critical
application. Hence, estimation of lifetime of the network
through simulation is mandatory for a WSN application.
In this paper, the design of GUI to use GloMoSim to
simulate a WSN application and to estimate the lifetime
of the application are proposed and presented. The tool is
beneficial to the application developers in the field of
WSN to simulate their own application with various
possibilities, viz., by selecting appropriate number of
nodes, deployment strategies, MAC protocol, Routing
protocol, traffic pattern, etc. For each of these
possibilities, the lifetime of the network is easily
calculated and the best possibility for the given
application is judged before the actual deployment of the

sensor nodes in the field. In summary, this tool extends
the utility of GloMoSim to WSN applications also. The
ongoing research includes the following:

C To come out with new data link, network, and
transport layer protocols suitable for WSN
applications in place of the existing Adhoc protocols
in GloMoSim.

C To refine the energy model by taking into
consideration the MAC, network, and transport layer
statistics. 
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