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Lecture —40
Real-life Deployment of WSN

In this lecture we are going to cover some real life deployment of sensor networks. In the
previous lecture we had seen how to design a wireless sensor node the hardware designs
the overall architecture, and the different important components how to using which a
sensor node could be built. So, in this basically 1 am going to show you how those
wireless sensor nodes that are built could be used to serve different applications.
Actually we have used our swan sensor node that | had shown you in the during the

lecture on hardware design.

So, that is swan sensor node we have used for multiple purposes for serving different
applications ranging from agriculture healthcare so and so forth. So, here | have taken 2
examples from agricultural application, how we have used the swan sensor board swan
sensor node and we have custom designed it for serving 2 specific agricultural
applications the first one is basically for irrigation management and the second one for
security of agricultural field. So, these are the 2 that | am going to briefly present to you
for you to get a feeling of how the sensor nodes could be used for serving different

applications.
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Real-Life Deployment of WSN

= Development of a Sensor Based Networking System for Improved
Water Management for Irrigated Crops

= AID: A Prototype for Agricultural Intrusion Detection Using Wireless
Sensor Network
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So, the first one as | said is the development of a sensor board sorry sensor node for
improved water management for irrigated crops. And this particular solution is actually
deployed in IIT Kharagpur in our experimental firm we have already deployed it is
continuously you know it is this is functional this is operational and we are able to get
data from the field. So, this is one application in agriculture the other application is
basically for determining or monitoring if there are any intrusions into the agricultural

field using a wireless sensor network.

So, basically as we know that particularly in our country we have different you know
agricultural fields, where the agricultural produce in in the agriculture produce the are
basically lost maybe due to humans you know stealing them or maybe due to cattles
entering into the field and damaging the crops etcetera. So, it is very important to protect
these fields from intrusions. So, we are how we are using our swan board swan node for

addressing these application is what | am going to deeply expose you to.
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So, the first one is | promise to you is the sensor networking system using the swan

board for improved water management for irrigated crops.
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Introduction

= |mportance of water management

= Excess or lack of water in an agricultural field damages the crop
production

® Increased crop productivity
= Save limited water resource

= Need for WSNs
= Low-power and infrastructure-less network
= Uses remote monitoring and controlling applications
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So, water is very important you know particularly you know when we are talking about
use of water in agriculture water improves crop productivity, but at the same time it has
to be you know the field has to be the crops have to be irrigated optimally. If you use too
much of water the crops are going to die, but at the same time you know you cannot also

have you know some optimal use of water because that will reduce the overall



productivity, or even in the extreme cases the crops would die because of that and water
use you know irrigation actually is very important particularly when we are talking about
you know paddy crops for paddy crops you know, water is very important paddy crops
you know basically survive on the basis of yield well as well as the survival of the paddy
crops, is based on primarily how much is the water that is maintained in the fields you

know it.

It cannot be too much it cannot be too less you know, what is the optimum one that has
to be maintained in the field. So, we are we thought about how we can use sensor
networks to basically enable the farmers to be able to get an idea about what is going on
in the field the condition of water level in the field how much is the soil moisture in the
field. And so also farmers would be able to remotely monitor the condition of their

different feel that they own.
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Objective

= To develop and test low-cost wireless sensing network for
irrigation water management
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Scope of the Project

= Ensure food security of growing population
= Save limited water resource

= Available sensors and WSNs are mostly imported
= Not programmable

= Not flexible

= Notsending convenient information to farmers

= Costly
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So, the overall objective of this project was to develop and test low cost wireless sensing
networks for irrigation water management. So, you know we started with a few
objectives we wanted to make a solution we wanted to come up with a sensor network
solution, which would be flexible programmable would be convenient for farmers to use

and at the same time this would not be too costly.
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Final Outcomes

= Understanding of WSN and database management

= Development of low-cost WSN for monitoring and controlling
water for irrigated crops

= Design of flexible and programmable wireless sensor node
= Development of Short Message Service (SMS) based system
= Development of sensors

= Development of a remote server
= System integration and its field testing
= Analysis of results
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So, the final outcome is like this that we were able to develop a system which can
monitor and control the water level of the irrigated crops in the field. And particularly we
were targeting paddy crops in this, but you know. So, this kind of solutions can be scaled

for use in other types of agricultural crops. The second is the design of a flexible and



programmable wireless sensor node. Next one is the development of SMS based system
because SMS is required because you know periodically the farmers need to get SMS in
their mobile phones about the condition of the field you know how much is the water in
the field, then how much is the soil moisture what is the temperature of the you know the

environment where the crops are growing and so on.

Development of a remote server you know how the remote server basically will be
tasked to do all the analytics you know run all the data you know analyze all the data that
are being received, and system integration field testing analysis of the results these are all
the different final outcomes of this project you know and overall with respect to the

overall objectives.
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This is the overall methodology that was used from the wireless sensor system,
understanding of the wireless sensor network and the database management. Then the
development of the system you know with respect to the sensors that have to be used the
specific sensors that have to be used in the sensor nodes connected to a sensor node. The
wireless sensor network all together you know connecting the different sensor nodes
with respect to the sensors you know soil moisture sensor development of the soil
moisture sensor development of a water level sensor and with respect to the overall
network development of the low cost network. And then overall integration into the into

the overall embedded system that is being developed and testing it and finally, deploying



it in the field. So, this is the overall chart of flow of tasks that we are conducted for
developing the system for irrigation management for use in irrigation management in

agricultural applications.
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System Architecture
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Fig. 1: Overall architecture of the proposed system
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Here is overall system architecture and the very bottom layer we have the sensing and
actuating sensing this is the bottom most layer. So, sensors actuators etcetera basically
figure in this particular layer. Higher up we have the remote processing and surface
layer, and which basically is concerned about you know about gathering all the data from
the sensor remotely processing them and offering different services to the higher layer up
and these services are going to be used in the application layers by the farmers who are
equipped with different mobile phones over which they are going to get different alert

messages.
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Design and Implementation

= |ntegrated design for sensor node
= |ntegrated design for sensors
= |ntegrated design for remote server
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So, this particular job was focused on the development of the integrated sensor node the

sensors and the remote server.

(Refer Slide Time: 08:40)
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Fig. 2: Block diagram of a wireless sensor node
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This is something this diagram, we have already seen when we were covering the

hardware design of the sensor node in the previous lecture. And this is just a recap of the

different components that are there are in the sensor node that we are going to use that

we are going to develop for use in irrigation management.
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So, this is the actual sensor node that is used it is it looks similar to the swan board, the
swan node, but you know the specific you know it has been specifically designed for use
in irrigation management. So, it is not a general purpose solution that is used it is you
know a general purpose to some extent, but then you have to customize it in order to
serve the specific application requirements. So, this is what we have done we have
custom designed we have customized the overall sensor node the general purpose sensor

node and for making it useful for agricultural application.

And the different parts of it are shown over here, | just wanted to highlight few important
once this is the ZigBee module that is used for sensor node to sensor node
communication. Then you have this controller this controller the controller can be used
you know for control functions; that means, computation etcetera. The controller is not
attach attached over here in this particular figure, but you know the controller would be
attached you know any micro controller like at mega 3 to 4 or something like that is
could be used. These are the on off switches the programming port the reset switch reset
switch can help in resetting the sensor node once it is switched on or off the entire node
is reset from the start this is the power on indicator then you have these are the inputs the
DC input then we have these are the level converters we have the sensor node
configuring switches over here. And these are the different jumper and external power

supply. So, these are the different components of this sensor node.
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Integrated Design for Sensor Node (Contd.)

Features of the sensor node

* Low-cost

Very flexible

Robust and efficient to manage water

Consumes very low-energy

Interface multiple heterogeneous sensors, actuators, and
wireless protocols

CSE, IIT Kharagpur

So, these sensor nodes that we have developed is low cost very flexible robust and
efficient to manage water consumes very low energy, and interfaces with multiple

heterogeneous sensors actuators and wireless protocol.
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Integrated Design for Sensor Node (Contd.)

Fig. 4(a): Sensor node deployed at IT Kharagpur Fig. 4(b): Sensor node deployed at Benapur

Fig. 4: Field deployed sensor nodes
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The sensor node has as | told you earlier that it has been deployed in our agricultural
field in T Kharagpur. And so this known to basically as you can see you know it use
the renewable source of energy to power it. So, we have used the solar panels for

powering these sensor nodes, because you know typically in our country in the most of



the agriculture fields still today you know does not have any continuous power supply.
So, in a how we can use you know this sensor node in an autonomous fashion with
respect to power supply by using energy harvesting features is what we thought about
and so these nodes as we can see you know. So, these nodes not only they are powered
by you know solar energy, but after the all these things processing is done you know
with respect to the sensors, the sensors are basically dipped or put in the soil the water
level sensors and the soil moisture sensor these are put under the soil and they send and
all these computation etcetera are done in the swan node. And finally, through this
antenna basically the data are sent long range we are using the GSM technology for

sending the data they send data to the farmers in their mobile phones.
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We have also designed some sensors ourselves. We did not took you will all the sensors
our self. So, we for example, this is this is the water level sensor that we have designed
our selves completely. It is completely designed in the house and the corresponding you
know previous version of it, this is the later version of the water level sensor and this is
the previous version of the water level sensor that was used and from this bed board, we
are able to understand the driver circuitry for these water level sensors. So, this is a very
simple design, but at the same time it is elegant, and it fit is it is very small in size. So, it

fit is as a simple module that can be used very easily.
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Integrated Design for Remote Server

We developed three different types of servers to serve the
functionality of the system

= Repository data server ' it /. . !
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H H H
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=  Web server
To access field data remotely
= Multi-users server
Provides field information to C/
farmer’s cell phone through a
SMS

Fig. 7: Architecture of the remote server
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So, the server basically there are different types of servers, that have been used
repository data sever basically communicates with the deployed cluster head in the field
by using the GPRS technology. Web server is used to access the field data remotely and
multi user server provides field information to former cell phone through a SMS facility.
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This is the user interface you know this is basically you know from the control station
the interface, that one is going to see and the overall portal off. So, this is the portal the

design of the portal. So, from anywhere in the world you know what is going on in my



field agricultural field, I would be able to access that data from anywhere any part of the
world through this portal. And here as you can see it is showing that which sensor node
is up the green one indicates that the sensor node is up the red one shows that the sensor
node is down. So, it is not functional. So, the health monitoring of the sensor nodes are
also possible through this particular portal. And then we see that after we have performed
some basic logging etcetera, we have registered ourselves we will be able to see the data

in our screen. So, he is showing the data through the portal.
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Experimental Setup

We experimented our developed system in paddy field at IIT
Kharagpur during December 28, 2015 to April 18, 2016.

Table 1: Experimental setup

L __ Parameter — Value
|Area of each field 3x3 m?
|No of sensor nodes 4

‘No of sensors and actuators of each|2 (soil moisture and water

node level) and 1 (solenoid)

| Data sensing duration 1sec

iDﬁarta sending duration 2hours
‘ Wireless protocols ZigBee(IEEE802.15.4) & GPRS,
.Data rate iZigBee 250 kbps

} | GPRS 9.6 kbps
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So, this is the experimental setup that was used by us for study in a paddy field in 1T
Kharagpur. So, we have collected data between December 2008 2015 to April 18 2016, |
am going to show you the data, but this is the experimental setup the area of each field
was about roughly 3 cross 3 meter square the number of sensor nodes that were used to
was 4, this is because you know we have very small figures. So, over here the reason is
that we have experimental fields relatively small in size the actual fields are going to be
bigger. And in fact, we have done those trials as well we have deployed our solution in
much bigger fields in a village in the remote village from here about 20 kilometers from
IIT Kharagpur. So, we have deployed there we have tried it out there in a bigger field as

well.

So, ZigBee and GPRS. So, ZigBee for local communication and GPRS for long distance

communication was used.
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Performance Evaluation
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Fig. 9: Average soil moisture
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So, this is basically the data that we received during that period that I mentioned before

between the 2015 to 2016 that data the average soil moisture data is plotted over here.
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Fig. 10: Average water level
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And the next one is basically the average water levels in the field over the time span that
we mentioned before between December 2015 to April 2016.
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Performance Evaluation (Contd.)
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Fig. 11: Average packet delivery ratio
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And this is the average packet delivery ratio by the different nodes the 4 nodes, that |
mentioned node number 11 12 13 and 14 that you know the data that is sent the average

packet deliver ratio is computed and it is plotted over here.
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So, this was the first application the next application is basically a use of sensor network

for automated remote intrusion detection and monitoring of agricultural field.
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Introduction

= Wireless Sensor Network (WSN)
= Collection of wireless sensor nodes
= Sense some physical phenomena

= Transmit the sensed data to a centralize unit or sink through
single-hop or multi-hop connectivity

® |ntruder detection system in Agricultural field using WSN

® Generate alarms in the farmer’s house and transmits a
text message to the farmer’s cell phone
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Contribution

= A prototype of intruder detection system, that generates alarms in
the farmer’s house and triggers then generation and transmission
of a text message, when an intruder enters into the field.

= |n order to perform experiments with the prototype, we develop
AVR micro-controller based wireless sensor boards.

= We provide empirical results of the implemented prototype in a
real agricultural field.
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So, what we did over here is we develop the system that would be able to detect if there
is any intruder the intruder could be a human the intruder could be cattels or anybody
else who and once that is done then the farmers basically India mobile phones they
would be able to get alarms in the mobile phones at their houses and so, that basically
will help them to understand that there is some kind of intrders that has taken place in
their field and then they can take corrective measures. So, we have in this we have used

AVR micro controller. So, earlier we talked about a t mega, but here we have used the



AVR microcontroller and. So AVR is just a architecture and many micro controllers

basically use this AVR architecture.
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Problem Scenario
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So, I will show you know the how the overall architecture of our solution looks like. So,
let us say that this is the agricultural field and in the agricultural field, we have deployed
these different sensor nodes in the periphery of the agricultural field, and these if there is
an intruders these nodes, they will detect the intruder and through a multi hop path that
data is going to come to the sink nodes, from the sink node it is going to go through over
SMS to the cell phones of the farmers or their houses for generating different alerts, you
know by which they would be able to know that something wrong has taken place. And
the details of this particular the architecture and the corresponding solution can be
obtained from this particular paper that was published by us IEEE, that was held in
London in 2015.
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= Aset of sensor nodes is deployed in an agricultural field
= Each of the boards is enabled with two type of sensors:
= Passive Infrared (PIR)
= Ultrasonic

= When anintruder enters into the field through the boundary
(perimeter) of the field, the PIR sensor detects the object.

= The ultrasonic sensor senses the distance at which the object is
located
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So, here what we have is a set of sensor nodes that are deployed in agricultural field.
Each of these nodes they are enabled with 2 types of sensors one is the passive infrared
sensor the PIR sensor and the other one is the ultrasonic sensor. So, when an intruder
enters the field through the boundary of the field the PIR sensor detects the object the

ultrasonic sensor then senses the distance at which the object is located.
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Fig. 12: Sensor node
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So, this is the overall you know this is how our system one node looks like. So, these are
the 2 sensors that we have used. These are the proximity and this ultrasound sensor these

are the 2 types of sensors that are used PIR and the ultrasound sensor.
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AID: Agricultural Intrusion Detection (contd.){ f .

e

Components of a AVR Micro-Controller-based Wireless Sensor Board
= Micro-controller ATMEGA324PA-PU

= ZigBee (IEEE802.15.4)
= Liquid Crystal Display (LCD 16X2)
= Sensors

= Passive Infrared (PIR)

= Ultrasonic
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So as | said AVR based micro controller was used more specifically at
ATMEGA324PA-PU ZigBee communication which is based on 802.15.4 standard or

IEEE, LCD is there and the senses PIR and ultrasound ultrasonic sensors are used.
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The different layers layer one basically is concerned about sensing by the ultrasonic
sensor sense sensing by the PIR sensor and so on. Layer 2 is concerned about processing
by the micro controller, layer 3 the wireless routing basically through a multi hop path
the data that is sends has to be sent to the sink node. So, the PIR. So, so this particular
layer the routing layer the layer 3 basically takes care of it and layer 4 is concerned about
the applications that been sending the alert messages sending the SMS to the farmers

mobile and so on.
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AID: Agricultural Intrusion Detection (contd.)m

= lLayer1l
= Consist of Passive Infrared (PIR) and ultrasonic sensor. The PIR
sensor senses the intruder, and the node is activated.

= The ultrasonic sensor measures the distance of the intruder
from field boundary

= Layer 2

= The sensed data from PIR and ultrasonic sensors are processed
by the micro-controller in this layer

= Theintruder is detected after processing
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* Detailed Procedure

= All the deployed sensor nodes initially remain in the sleep
mode

= After detecting an intruder, the node sends the information to
the sink.

= A sensor node forwards the information through intermediate
nodes between the originator node and the sink.

= Anode that detects the intruder is known as MASTER node

= A MASTER chooses another node among its neighbor nodes, as
the next hop, for forwarding the information.
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So, these are the different layer’s layer one layer 2 layer 3 and layer 4. And so overall
actually, what we have done is these sensor nodes they are all deployed initially and they
remain in the sleep mode initially; that means, that the communication modules are in the
sleep mode, means right sleep mode means that only they are able to sense, but they are

not able to send the data out.

So, after detecting an intruder the sender the node since the information to the sink a
sensor node forward the information through the intermediate nodes between the
originating node and the sink. A node that detection intruder is called the master node, a
master node chooses another node among it is neighbor nodes in next top node for

forwarding the information.
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AID: Agricultural Intrusion Detection (contd.) i

* To choose the next hop, a MASTER node considers the following
parameters:

= Received Signal Strength (RSS) of the node at the next hop

= Residual Energy (RE) of the node at next hop

= Distance (D) between the MASTER node and the node at next
hop
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So, these are the different parameters that we have used and we have plotted. So, receive
signals strength of the node then we have the residual energy of the node at the next hop

and then we have the distance between the master node and the node and the next hop.
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AID: Agricultural Intrusion Detection (contd.) i\
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= After detecting an intruder, a MASTER node creates and
broadcasts a request message REQ

= On receiving the REQ packet, all the neighbor nodes reply back to
the MASTER node with a reply message REP

= Based on the REP message, a MASTER node calculates the
selection value S for each of its neighbor node i

= Depending upon the selection value, a neighbor node is selected
for forwarding the information of intrusion detection by the
MASTER node.

* The selection value S, is calculated as:

% (HE. RSS; u.) -
' REmax  RSSmax R !
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So, then we come up with a composite matric which is called the selection value based
on these individual once we come up with a composite matric and this metric can be
used to basically help identify whether there is any problem any intrusion that is taking
place or not in the field.
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So, here is the overall flow chart in the in the in the interest of time and gravity, | am not

going to go through these steps, but I think it is pretty much clear. So, if one follows this



flow chart one would be able to understand quite easily that what are the different steps

in the overall system.
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AID: Experimental Setup

Table 2: Specification of developed board

. Componems  vale
Micro-controller ATMEGA 324PA-PU J
SRAM 28 i \
EEPROM 1KB “
Flash Memory 32K8 |
Power Supply 4.8V J
éio;:k Frequency BMHI

Addressing ode of Zighes 16bits ]
Power Supply of ZigBee 3.3v

Compiler MikroC PRO for AVR “
Language Eimgetrirdiecrlz |
Rechargeable Battery Model No. GP1300 1.2V
ﬁassive Ir{frared Sensor Model &o. :I‘(C-ﬁ(édl
Ultrasonic Sensor Model No.:HC-5R04
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Here is the experimental setup. Micro controller ATMEGA324 was used SRAM is 2
kilobytes. So, as you can see that the SRAM is 2 kilobyte EEPROM is 1 kilobyte. So, as
we can see that the memory is very less over here just a few kilobytes, and flash memory
is high 32 kilobyte power supply 4.8 volts clock frequency 8 megahertz. ZigBee based
communication is used then the batteries that are used are rechargeable the actual code
with which this logic is written is based on embedded C language. And the ultrasonic
sensor and the passive infrared sensors with their corresponding model numbers are

mentioned in this table.
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AID: Experimental Setup (Contd.)

Table 3: Experimental setup

. Componemts  Value
Number of Sensor Nodes 20

Field Size 36m

Number of Gateway 1

Sink 1

GSM-based Alarm Device 1

Cell Phone "G

Some sensor nodes that were used are 20 numbers with the field size of 36 meters’
perimeter this the overall 36 meter this the perimeter of the field and the number of
gateways used was one sink node 1, GSM based alarm device that was used was one and
the cell phone is only 1. So, this is the overall small scale setup that we have developed

our self for particular purpose of intrusion detection in agriculture field.
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AID: Experimental Field

And this is this these pictures basically show you how the sensor network solution for

this particular purpose of intrusion detection and monitoring named AID is deployed. So,



this is this is in agricultural field, you know this is deployed around the periphery this is
one node, but like this you know there are many other nodes around the periphery of

these agricultural field.
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Performance Evaluation

Simulation Metrics

= Accuracy (A): Accuracy is defined as the number of intruders
detected by AID, in percentage, over the total number of intruders
who actually enter into the field. Mathematically:

A= \Jl x 100
Ng

where
Np : Total number of detected intruders by AID
N g Total number of intruders entered into the field.
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Different metrics were used accuracy which is defined as the number of intruders
detected by the solution in percentage over the total number of intruders who actually

entered the field this is one metric.

(Refer Slide Time: 24:25)

$e

Performance Evaluation (Contd.) )

aceE

= Percentage of average activated nodes (P): Total percentage of
activated nodes require to detect an intruder. Mathematically:

n x 100

hi N x .\'[)

where
N : Total number of nodes present in the network
n : Total number of activated nodes
Np Total number of detected intruders by AID

= Voltage (V): Degradation of value of voltage in a certain time
duration t to detect total number of intruders in that duration t.

= (Collected data for 3 hours
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Percentage of average activated nodes which is the total percentage activated nodes
required to detect an intruder voltage degradation of value of voltage in certain times
time durations to detect the total number of intruders in that particular time duration, it is
collected over a 3 hour period.

(Refer Slide Time: 24:45)

Performance Evaluation (Contd.)
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Fig. 14: Detection Accuracy
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Fig. 15: Average Activated Nodes
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(Refer Slide Time: 24:58)
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Fig. 16: Average Voltage Degradation
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And these are plotted over here the detection accuracy is plotted with respect to time then
the percentage or average activated nodes with respect to time is plotted. And also the

average voltage voltage with respect to time is plotted.

(Refer Slide Time: 25:04)
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So, these are the different observations that we have obtained the different results that we
have obtained by deploying aid in the agricultural field for protecting it from unwanted
intrusions. So, basically the solution is useful for preventing loss of agricultural produce

from the field either by humans or by animals and so on.



So, finally, these are some of the references. So, you know if you are particularly
interested for sensor network applications in agriculture. We have a very good paper you
know very popular paper wireless internet was for agriculture, which was published in
the (Refer Time: 25:45) computers and electronics in agricultural channel. And this
basically gives you a good overview or the good survey of how different people have

come up with different applications of wireless sensor networks for agriculture.

So, like this not only agriculture for healthcare for different other applications as well
since the networks could be used. And | would encourage you to go through different
other applications as well more air sensor networks can be used different other
applications, | have myself in all in our in my lab developed sensor network applications
for use, in healthcare we have developed our own nodes which can be used for
healthcare monitoring of different patients and so on.

(Refer Slide Time: 26:33)

References (Contd.)

* S, Chatterjee and S. Misra, “Target Tracking Using Sensor-Cloud: Sensor-Target Mapping In
Presence of Overlapping Coverage,” IEEE Communications Letters, vol. 18, no. 8, pp. 1435 -
1438,, August 2014,

S. Misra and S. Chatterjee, “Social choice considerations in cloud assisted WBAN architecture for
post-disaster healthcare: Data aggregation and channelization,” Information Sciences, vol. 284,
pp. 95-117, Nov 2014.

A. Rodriguez de la Concepcion, R, Stefanelli, and D. Trinchero, “Awireless sensor network
platform optimized for assisted sustainable agriculture,” in IEEE Global Humanitarian Technology
Conference, Oct 2014, pp. 159-165.

= |, F. Akyildiz, S. Weillan, Y. Sankarasubramaniam, and E. Cayircl, “A survey on sensor networks,”
Communications Magazine, vol. 40, no. 8, pp. 102-114, November 2002,

I. F. Akylldiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci, “Wireless sensor networks: A survey,”
Computer Networks, vol, 38, no. 4, pp, 393-422, 2002,

A. Munir, A, Gordon-Ross, and S. Ranka, “Multi-Core Embedded Wireless Sensor Networks:
Architecture and Applications,” IEEE Transactions on Parallel and Distributed Systems, vol. 25, no.
6, pp. 1553~1562, June 2014.

S. Misra and S. Singh, “Localized Policy-based Target Tracking Using Wireless Sensor Networks,”
ACM Transactions on Sensor Networks, vol. 8, no. 3, pp. 1-30, Aug. 2012.

*  “http://www.ediblesandiego.com/issues/summer-2014/crimes-in-thefield-crop-theft-sores-on-
area-farms.html.”

CSE, IIT Kharagpur

So, these are the few other differences. So, there are a number of references which you
could go through and very interesting references some of them are basically authored by

me.
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So, with this we come to the end of this lecture. And not only this lecture the end of this
course you know all the modules that we have delivered for you. These have been you
know we have been integrated in such a way. So, that you can understand the general
concepts of mobile Ad-Hoc network sensor networks etcetera and finally, apply that

knowledge in order to build an actual sensor network solution.

So, | hope that the course becomes very useful for you in the both for industry, use as
well as for academic. So, those of you who are in the industry or those of you who are in
the academics you know. So, I hope that this course will be of use to you for your own

purposes.

Thank you.



