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Abstract - Wireless Sensor Networks (WSNs) were increasing 
developing enthusiasm for as a long way returned as years; 
WSN assignments of a Every sensor network incorporates 
gazing and estimating sure marvels, as well as turning in 
collected data. Sensor network require applying distinctive 
strategies utilized in stressed out and wireless network. 
Simulation tool for wireless sensor system are steadily being 
utilized to contemplate sensor networks and to check new 
programs and Protocols in this developing research field. It is 
valuable to researcher to verify new though and dissect with 
proposed algorithm in virtual environment and assist to keep 
away from expensive hardware usage and time utilization too. 
This paper gives a whole overview and comparisons of various 
wireless sensor network simulators with the intention to help 
researchers with choosing the best simulator on hand for a 
selected application environment. 
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I. INTRODUCTION

In ongoing years, huge quantities of recent and advanced 
research has been executed and is also grabbing within the 
region of Wireless Sensor Networks [1] and this area is 
moreover grabbing the viral eye of researchers from all 
components of the arena for growing huge packages and 
making utilization of WSN networks in differed fields. 
Wireless Sensor Network contains extra no of sensor nodes 
having computing and sensing talents and is conveyed in 
irregular way. Every one of the sensing devices in WSN set 
up is known as MOTE. [2] 

Many network factors in WSNs aren't finished and 
institutionalized. Building a WSNs test bed is costly. 
Running real trials on a test bed is pricey and problem. 
Furthermore, repeatability is essentially compromised since 
numerous factors have an impact on the experimental 
results in the intervening time. It is difficult to isolate a 
unmarried factor. Besides, running actual test is dependably 
tedious. In this way, WSNs simulation is important for 
WSNs improvement. Protocols, plans, even new thoughts 
can be assessed in a considerable scale. WSNs simulators 
enable customers to disconnect unique elements by tuning 
configurable parameters.  

Thus, simulation is essential to have a look at WSNs, being 
the normal technique to check new packages and protocols 
within the area. This prompts the continuing blast of 
simulator improvement. Notwithstanding, getting strong 

determinations from a simulation take a look at truely not an 
unimportant errand. There are key viewpoints in WSNs 
simulators: (1) The rightness of the simulation fashions and 
(2) the appropriateness of a selected tool to execute the
version. A right version depending on strong presumption is
obligatory to decide trustful results. The critical tradeoff is:
exactness and want of points of hobby as opposed to
execution and versatility. In whatever remains of this
overview, a few widespread WSNs simulators are depicted
and analyzed in more elements.

II. SIMULATOR BASIC CONCEPTS

Three types of simulation for Wireless Sensor Network 
1. Monte Carlo Simulation
2. Trace-Driven Simulation
3. Discrete-Event Simulations
Trace-Driven and Discrete-Event simulation are used
commonly in WSN

1. Discrete-Event Simulation

Applied in WSNs, in view that it can effortlessly simulate 
many no of jobs running on various sensor nodes. Discrete-
event simulation carries a number of elements. This 
simulation can list pending events, which can be simulated 
by schedules. The global elements, which depict the system 
state, can speak to the simulation time, which permit the 
scheduler to count on this time ahead of time. This 
simulation contains enter schedules, output schedules, 
starting schedules, and comply with schedules. Furthermore, 
this simulation gives dynamic reminiscence management, 
which can include new materials and drop vintage elements 
in the model. Debugger breakpoints are given in discrete-
event simulation, alongside these lines customers can take a 
look at the code well ordered without frightening the 
program activity.  

2. Trace-Driven Simulation

It gives numerous services. This type of simulation is 
normally applied in actual gadget. The simulation results 
have extra validity. It gives extra particular workload; those 
element facts permit customers to profoundly reflect on 
consideration on the simulation model. For the maximum 
component, input values on this simulation consistent 
unaltered. Be that as it may, this simulation moreover 
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includes a few disadvantages. For example, the abnormal 
kingdom element statistics builds the multifaceted nature of 
the simulation. 
 

III. SIMULATION TOOLS FOR WSNs 
 
To support researchers in choosing right simulator system to 
grow new algorithm, protocols and strategies in Wireless 
Sensor Network, a detailed clarification of different purpose 
and particular reason purpose simulation tool is offered. 
Simulation Tools for Wireless Sensor Network is as per the 
following: 
 
A. NS2 (Network Simulator-2) 
 
 NS2 is common  and most broadly utilized for research 
work additionally it is an open source programming that 
was worked in C++ that characterizes the internal 
mechanism that is the backend of the simulation objects and 
that keep running on Linux platform that utilizations TCL as 
a Scripting language [3].  
 
It gives a simulation interface through OTCL that sets up 
simulation by aggregating and building the object and 
scheduling distinctive event. By Tcl c++ and Otcl are 
connected together [4] NS2 is a discrete event  test system 
got support from DARPA, the VINT (Virtual Inter Network 
Tested) project at LBL, Xerox PARC, UCB, and USC/ISI, 
directed at recent research . NS2 gives considerable help to 
simulation of TCP routing and multicast protocols over 
wireless and in addition wired networks [4] NS2 in research 
is likewise utilized intensely in the field of Ad Hoc 
networking. 
 
Limitation 
1. It has a complicated structure which is difficult to be 

reused in the real-life implementation. 
2. The bugs found in NS2 are sometimes unreliable  
3. Classless inter-domain routing and sub netting are not 

provided by the NS2 emulation. 
4. One of the main problems in NS2 is that to extract the 

results we need to parse the trace files and the tracing 
System in NS2 is not easy to use. 
 

 
 

Fig. 1 NS2 Simulator 

B. NS3 (Network Simulator -3) 
 
 NS3 simulator is also an open source project that was 
started in 2006 [5]. It is licensed under GNU GPLv2 
licensing reduces the need to rewrite models for simulation. 
NS3 is also a discrete event network simulator that is also 
written in C++.It also provides python scripting API but it is 
optional (instead of Otcl script) .NS3 is a simulator that is 
written from scratch it is not an extension of NS2 [6].  
 
NS3 is constructed as a library which can be statically or 
dynamically connected to a C++ principal application does 
not provide any GUI i.e. graphical user interface but then 
also easy to handle. NS3 is compatible with Linux, but it 
can also run on windows by using MinGW. Using sockets 
NS3 supports emulation as well as simulation. To trace the 
network traffic standard tools like Wireshark can be used to 
read the trace files [7]. 
 
NS3 uses NetAnim as a GUI for users, where users can 
create and view the network graphically. NS3 has a support 
for all the networking technologies like Wired, Wireless, 
Ad-Hoc, cellular Networks. All these networks can be 
easily simulated in NS3 using C++ or python scripts. The 
input can be fed easily and results can be retrieved in GUI 
as well. Protocols like GPS, GPRS and LTE used in cellular 
networks can be simulated via NS3 and viewed in NetAnim.  
 
Limitation of NS3 
1. There is limited scope for visualization due to use of 

python in Network simulator 3. 
2. NS3 requires powerful community contribution in order 

to improve it and so that many users can use it. 
3. For wireless Systems real time animators are required 
4. It is complex to use. 
5. NS3 is in development but it is not compatible for work 

done on NS2. 
 

 
 

Fig. 2 NS3 Simulator 
 
C. NS4 (Network Simulator-4) 
 
NS4 is a P4 driven network simulator.NS4 has suggested P4 
into network simulations. NS4 has utilized P4 which is an 
objective autonomous language.NS4 is intended to decrease 
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the difficult work which was a result of the excess of codes 
in NS-3.  
 
NS4 configuration comprises of control plane and data 
plane. The control plane comprises of real world, 
controlling application which is the GUI for client. This 
application offers contribution to Network OS. This 
controller application offers contribution to the operator 
display. NS4 permits arrange reproduction for Bluetooth, 
802.11a, CSMA, LTE, and so forth conventions. The input 
program is nourished into Channel Manager and a packet 
decapsulator and encapsulator. The channel supervisor 
extends the extent of simulate table P4 devies. It changes 
over the info programs into P4 binary later, which makes P4 
program.NS4 is consistently perfect with NS-3 [8]. It fills in 
as a total instrument set which gives organize reproduction. 
It gives better versatility. 
 

TABLE I COMPARISON OF NS2, NS3 AND NS4 
 

Features NS2 NS3 NS4 

Language C++ and 
OTCL 

C++ and 
Optional Python 
Bindings 

C++ 

GUI 
Support Limited Yes Yes 

Scalability Sequential 
Simulation 

Distributed 
Simulation 

Better 
Scalability 

Simulation 
Type 

Discrete-
event Discrete-event 

P4 driven 
Discrete-

event 
Fast 
Simulation 
capabilities 

Moderate Moderate 
Ultrahigh Ultrahigh 

 
D. OMNet++ 
 
OMNeT++ is a discrete event network simulator worked in 
C++ [9]. OMNeT++ gives both a noncommercial permit, 
utilized at scholastic foundations or non-benefit research 
organizations, and a commercial license, utilized at “for-
profit” conditions.  
 
This simulator supports module programming model. 
Clients can execute OMNeT++ simulator on Linux 
Operating Systems, Unix-like framework and Windows. 
OMNeT++ is a well known non-particular network 
simulator, which can be utilized in both wire and wireless 
area. The majority of systems and simulation models in 
OMNeT++ are open sources. 
 
E. J-Sim (JavaSim) 
 
J-Sim is a discrete event network simulator built in Java 
[10]. This simulator provides GUI library, which offices 
clients to display or compile the Mathematical Modeling 
Language, a “Text-based language” kept in touch with J-
Sim models. J-Sim gives open source models and online 
reports. This simulator is ordinarily utilized in physiology 
and biomedicine regions; however it likewise can be 
utilized in WSN reenactment. What's more, J-Sim can 
simulate real-time forms. 

F. TOSSIM 
 
Tossim is an emulator particularly intended for WSN 
running on TinyOS, which is an open source OS 
[11].TOSSIM is bit level discrete -event network emulator 
worked in Python [Python], an abnormal state programming 
language underlining code coherence, and C++. Individuals 
can execute TOSSIM on Linux Operating Systems 
.TOSSIM additionally gives open sources and online 
archives. 
 
G. EmStar 
 
EmStar is an emulator particularly designed in C for WSN, 
EmStar is a Table- driven emulator running continuously 
[12]. Individuals can run this emulator on Linux working 
framework. These emulator backings to create WSN 
application on better hardware sensors. Other than libraries, 
tools and services, an extension of Linux microkernel is 
incorporated into EmStar emulator. 
 
H. Avrora 
 
Avrora is a simulator particularly intended for WSNs built 
in Java [13]. Like ATEMU, Avrora can likewise simulate 
AVR-based microcontroller MICA2 sensor nodes. This 
simulator becomes produced through University of 
California, Los Angeles Compilers Group. Avrora offers an 
intensive kind of tools that may be applied in simulating 
WSNs 
 
I. SENS 
 
SENS is a wi-fi sensor community simulator with measured, 
layered layout with adjustable parts which display an 
software; organize correspondence, and the bodily 
circumstance. It empowers sensible simulation, via using 
esteems from real sensors to talk to the behavior of part 
executions. Such behavior incorporates sound and radio 
signal satisfactory attributes and electricity use. 
 
J. QualNet 
 
QualNet-(Quality Networking) industrial community 
simulation software from Scalable Technologies is mainly 
derivate object from GloMoSim Simulator. QualNet 
empowers high devotion “Virtual” version of system which 
comprises of switches, routers, access points, radios, 
antennas, PCs and a few different hardware's alongside 
distinct protocols to empower packet tendencies over the 
network scenario. QualNet 7 and EXata network simulator 
is upheld crosswise over specific platforms like Windows 
7/8/8.1, Centos 5.9, RHEL 6/7 and Ubuntu 12.04 form 
onwards and were discharged in October 2013. 
 
The following Table II highlights various general 
parameters based performance comparison of Various 
Simulation Tools being highlighted in this paper for 
Wireless Sensor Networks. 
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TABLE II VARIOUS SIMULATION TOOLS FOR WIRELESS SENSOR NETWORKS 
 

Tools Simulation 
Type 

Programming 
language 

License 
Type Features 

NS2 Discrete-Event C++&OTCL Open Source 

It supports real-time simulation and also it can be used in 
education purpose. 
More Flexibility 
Availability of External Support 

NS3 Discrete-Event C++ Open Source 
It can carry large network simulations effectively. 
It increases the memory performances, also reduces the 
computational time as it is the most efficient tool for simulation. 

NS4 Discrete-Event C++ Open Source NS4 allows network simulation for Bluetooth,802.11a, CSMA, 
LTE, etc. protocols 

OMNet++ Discrete-Event C++ Open Source Can maintain MAC Protocols and several localized protocols in 
WSN. Simulate power utilization and channel controls 

J-Sim Discrete-Event Java Open Source 
Provides framework for several instructions for simulating 
sensor networks in terms of insurance ,time indexing and 
strength control 

TOSSIM Discrete-Event NesC Open Source 
Can be focused to motes without modification. Nodes 
percentage the exact same code picture. The advanced set of 
rules may be tested on a platform 

EmStar Trace-Driven Linux Open Source 
Supports hybrid mode. Provides an option to interface with 
actual hardware even as jogging a simulation. Compatible with  
different types of node hardware 

Avrora Discrete-Event Java Open Source 
The supplied simulator can check your applications earlier than 
they're deployed onto the hardware device with cycle accurate 
execution instances. 

SENS Discrete-Event C++ Open Source Multiple different component implementation 

QualNet Discrete-Event C++ & parsec Commercial Comprehensive set of superior wireless modules and user 
pleasant tools 

 

IV. CONCLUSION AND FUTURE SCOPE 
 
The cause for this have a look at is to offer a preferred 
picture of well-known simulation tool making use of in 
WSNs, and assist people to choose diverse simulation tools 
in keeping with numerous needs. Before all else element, 
this assessment represents what's WSNs, why they require 
simulation, and what precise highlights must be viewed as 
at the same time as simulating WSNs. At that point, this 
evaluation examines of standard simulators: NS-2and NS-3, 
NS-4, TOSSIM, EmStar, OMNeT++, JSim, and Avrora, 
SENS, QualNet, and analyzes their advantages and 
constraints. The Performance of WSN precise utility is 
predicated upon the factors in addition to its implementation 
the use of equipment. The destiny research should within 
the simulation for seeing real world WSN precise situations 
as a respectable project. It confirmed that more sensible 
utilization on strength observing, open supply, platform 
unbiased. Simulator designer makes a speciality of 
execution of use making use of go layer method as take a 
look at. 
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