Volume 4, No. 3, March 2013 (Special Issue)

ISSN No. 0976-5697

&’ International Journal of Advanced Research in Computer Science
G

Available Online at www.ijarcs.info

A Survey of Wireless Sensor Network Hardware Platforms and Simulation Tools

Manoj Kuri
Assistance Professor, Deptt. of Electronics &
Communication Engineering Engineering College
Bikaner, India,
mkuri@rediffmail.com

Virendra Choudhary
Associate Professor, Deptt. of Electronics &
Communication Engineering Engineering College
Bikaner, India,
virendrachoudhary@yahoo.com

Prof. K.R Chowdhary
Professor, Dept. of Computer Science and Engineering
M.B.M. Engg. College, J.N.V. University Jodhpur, India
kr.chowdhary@acm.org

Abstract: To give a general picture of main-stream hardware platforms used in Wireless Sensor Networks (WSNSs), and help people to
choose different sensor nodes platforms according to different needs, a comparison of commonly used sensor node hardware platforms has
been presented in this paper. Simulation tools for wireless sensor networks are increasingly being used to study sensor networks and to test
new applications and protocols in this evolving research field. This paper provides comparisons of various popular sensor network
hardware platforms and simulators with a view to help researchers choose the best available for a particular application environment.
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I. INTRODUCTION

A wireless sensor network (WSN) is a wireless network
consisting of spatially distributed autonomous devices
using sensors to cooperatively monitor physical or
environmental conditions. The development of such
networks was originally motivated by military
applications such as battlefield surveillance. However,
wireless sensor networks are now used in many civilian
application areas, including environment, healthcare
applications, home automation, industrial process control,
field irrigation and disaster management [1].

The data collected by sensors and sensor nodes (also
called as motes) is transmitted to a special node equipped
with higher processing capabilities called “Base Station”
or “sink” or “Gateway”. The sink collects filters and
aggregates data sent by sensor nodes. Data from these
sink nodes may be further transmitted to the Internet or
any other remote network [2].
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Figurel: Wireless Sensor Network (WSN) Architecture

© 2010, IJARCS All Rights Reserved

I1. WIRELESS SENSOR NODE ARCHITECTURE

A typical Wireless Sensor Network (WSN) is built of
several hundreds or even thousands of sensor nodes. Each
node has the ability to communication with every other
node wirelessly, thus a sensor node is made up of five
basic entities: sensors, processor, memory, radio, and
power entity. They may also Akyildiz et al. [3] have
application dependent additional components such as
location finding system, a power generator and a
mobilizer. Sensors are electronic devices that are capable
to detect environmental conditions such as temperature,
sound, chemicals, or the presence of certain objects. They
send detected values to the processor which runs the
sensor operating system and manages the procedures
required to carry out the assigned sensing task. This
processor retrieves the application code from the memory
unit which stores also the operating system and the sensed
values. The radio permits to the wireless sensor nodes to
communicate with other nodes, updates from the sink and
to send sensed data to the sink.
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Figure2: Basic Architecture of Sensor Node
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The key element in a sensor node is the power entity
which is generally composed of a couple of batteries. The
size of these batteries usually determines the size of the
sensor. Further, studies Baronti et al. (2007) are currently
under way to replace/integrate battery sources with some
power scavenging methods such as solar cells. In fact,
there are some limits about the actual effectiveness of
such methods.

I11. COMPARISON OF WIRELESS SENSOR
PLATFORMS

In this section comparison of some of the important
features of sensor nodes has been such as Imote[4],Imote2
[5], TelosB [6], Mica-family which includes Mical [7],
Mica2 [8], Micaz [9,10], Tmote[11], Rene[12],
Stargate[13] etc. Some of these platforms are only for
specific use, but on the other hand some of them are for
general purpose use and these sensor nodes having large
number of extension connecters to integrate various
sensor boards for different applications. The early sensor
platforms were designed with limited processing power,
less on board memory and limited energy supplied by the
batteries, so their applications were very limited which
requires low processing capability and consumes less
energy[14]. Now a day’s these sensor nodes comes with
high processing capabilities and have batteries with power
generation facilities such as solar power or lithium
rechargeable batteries or any other methods. So, these
sensor nodes may be used for applications which requires
high processing capabilities, large memory, higher data
rates and power consuming, such as Multimedia
applications in which camera and videos are integrated
with these nodes and are used for image and video
transfer and processing applications, these types of
networks are called as Wireless Multimedia Sensor
Networks (WMSNs) and today almost all the sensor
nodes are developed for these WMSNs compatible [15].

In table below comparison of the features of wireless
sensor nodes are given. Comparison is made on the basis
of processor, storage capacity, radio and available
bandwidth or maximum data rate.

Table 1: Comparison of the Features of Wireless Sensor Nodes
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IV. CLASSIFICATION OF SENSOR PLATFORMS

Depending on their processing power and storage capacity
and sensors integration and radios, these wireless nodes
can be classified into three classes:

a.

Lightweight-class Platforms: The devices in this
category are designed initially for detecting scalar
data, such as temperature, light, humidity etc., and
their main concern is to consume less amount of
energy as possible. Therefore, these devices have
low processing power capability and small storage
and most of them are equipped with a basic
communication radio which consumes less power
while sending and receiving data. In table Tablel
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examples of lightweight-class wireless motes are
shown, which are Mica-family [16] motes and Telos.

b. Intermediate-class Platforms: The devices in this
group have better computational and processing
capabilities and larger storage memory than
lightweight-class devices. However, they are also
equipped with low bandwidth and data rate
communication module. TmoteSky[17] is an
example of Intermediate-class mote designed by
Moteiv (now Sentilla) that uses low power 8 MHz
16-bit MSP430 F1611 RISC processor from Texas
Instruments featuringlOkB of RAM, and 48kB of
flash. Tmote Sky uses Chipcon CC2420 radio [18]
for IEEE 802.15.4/ Zigbeefor maximum data rate of
250 Kbps. It is having extension for integration with
cameras.

c. PDA-class Platforms: The devices in this category
are more powerful in terms of computational and
processing power and they are designed to process
multimedia content in a fast and efficient manner.
These devices can run different operating systems
(e.g., Linux, TinyOs, and run Java applications) and
support multiple radios with different data rates
(e.g., IEEE 802.15.4,IEEE 802.11, and Bluetooth).
However, these devices consume relatively more
energy. Stargate andimote2 are examples of PDA-
class platforms. Stargate board, designed by Intel
and manufactured by Crossbow, uses 400 MHz 32-
bit Marvell’s PXA255 XScale RISC processor with
32 MB of Flash memory and 64 MB of SDRAM and
runs Linux operating system. Stargate board can be
used as a sensor network gateway, robotics
controller card, or distributed computing platform. It
forms a camera mote when it is connected with
camera device. So can be used as camera node for
wireless multimedia sensor networks (WMSNs)[19].

Imote2, also designed by Intel and manufactured by
Crosshow, is a wireless sensor node platform built around
the low-power32-bit PXA271 XScale processor and
integrates an 802.15.4 radio (CC2420) with a built-in 2.4
GHz antenna and includes 256 KBSRAM, 32 MB Flash
memory, 32 MB SDRAM, and several 1/O options. It can
run different operating systems such as TinyOs and Linux
with Java applications and it is also available with .NET
micro framework. It integrates many 1/O options making
it extremely flexible in supporting different sensors
including cameras, A/Ds, radios, etc and can be used
multimedia and video operations.

V. SIMULATION IN WSNS

Running real experiments on a testbed[20] is costly and
difficult. Besides, repeatability is largely compromised
since many factors affect the experimental results at the
same time. Moreover, running real experiments are
always time consuming. Therefore, WSNs simulation is
important for WSNs development. Consequently,
simulation is essential to study WSNs, being the common
way to test new applications and protocols in the field.
This leads to the recent boom of simulator development.

A. Simulator and Emulator:

Simulator is universally used to develop and test protocols
of WSNs, especially in the beginning stage of these
designs. The cost of simulating thousands of nodes
networks is very low, and the simulation can be finished
within very short execution time. Both general and
specialized simulators are available for uses to simulate
WSNs. The tool, which is using firmware as well as
hardware to perform the simulation, is called emulator.
Emulation can combine both software and hardware
implementation. Emulator implements in real nodes, thus
it may provide more precision performance. Usually
emulator has highly scalability, which can emulate
numerous sensor nodes at the same time.

There are basically three types of simulation: Monte Carlo
Simulation, Trace-Driven Simulation and Discrete-Event
Simulations_[21]. The last two simulations are used
commonly in WSN. Discrete-event simulation is widely
used in WSNSs, because it can easily simulate lots of jobs
running on different sensor nodes. Discrete-event
simulation [22] includes some of components. This
simulation can list pending events, which can be
simulated by routines. The global variables, which
describe the system state, can represent the simulation
time, which allow the scheduler to predict this time in
advance. This simulation includes input routines, output
routines, initial routines, and trace routines. In addition,
this simulation provides dynamic memory management,
which can add new entities and drop old entities in the
model. Debugger breakpoints are provided in discrete-
event simulation, thus users can check the code step by
step without disrupting the program operation.

However, Trace-Driven Simulation provides different
services. This kind of simulation is commonly used in real
system. The simulation results have more credibility. It
provides more accurate workload; these detail information
allow users to deeply study the simulation model.
Usually, input values in this simulation constant
unchanged. However, this simulation also contains some
drawbacks. For example, the high-level detail information
increases the complexity of the simulation; workloads
may change, and thus the representativeness of the
simulation needs to be suspicious.

VI. SIMULATION TOOLS COMPARISON

Both general simulators and specific simulators [23, 24]
are evaluated in this section. The general simulators
usually lack some functions to provide specific
simulations in WSNs, however specific simulators with
more comprehensive functions may perform better.
According to different targets to choose different
simulation tools in WSNs will be more efficient and
effective.

In the table below comparison for simulation tools
commonly used simulators in WSNs: NS-2[25, 26],
TOSSIM[27,28], OMNeT++[29], EmStar[30], JavaSim
[31], and GlomoSim [32] and ATEMUI[33] analyzes the
merits and limitations of each simulation tool.
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VII. CONCLUSION

There are many different sensor nodes platforms are
commercially available now a days, each of them is
designed for a specific or general purpose use. Each one is
having its own benefits and limitations, but their use
depends upon the need, size, application or purpose of the
sensor network is designed and suitability of the sensor
node for that sensor network and currently there is no
common WSN simulation tool. There is always an
overriding concern when using simulation that the results
may not reflect accurate behavior. It is therefore essential
to know the strengths and weaknesses of these simulators,
which are being discussed in this work.
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