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Abstract: The term Internet of Things or simply 10T first appeared on the Web around 2004, but reached the height of its
popularity by the end of 2013 (Google Trends, 2016). The Internet of Things (lIoT) is a vital universal information network
consisting of internet-connected objects, such as Radio-frequency identification (RFIDs), sensors, actuators, as well as other
instruments and smart appliances that are becoming an integral component of the future internet. Recently, these search terms
have declined in popularity on the general Web, but gained more momentum among various fields. Modern Dictionaries included
the definition of 10T as "the interconnection via the Internet of computing devices embedded in everyday objects, enabling them to
send and receive data." The idea and concept behind 10T is not a new thing; it evolved from the Machine to Machine (M2M)
systems and what a few companies called the Industrial Internet (Lopez, 2015). Currently, 10T applications are everywhere, from
smart homes, smart connected cars, smart cities, smart businesses, and smart agricultural environments. This survey is intended to
serve as a guideline and conceptual framework for future research to enhance the Agricultural sector with the help of loT
technology and to motivate and inspire further developments. It also provides a systematic exploration of existing research and
suggests a number of potentially significant research directions.

Keywords: Internet of things, industry solutions, smart wearable, smart home, smart city, smart environment, smart enterprise,
smart farm fields, loT marketplace, 10T products.

I. INTRODUCTION make value from it" for smart farm fields, farmers and
consumers.

Agriculture remains a critically important part of Global
economy. With some estimates showing an expected
doubling of our world population by 2050, farmers will
need to dramatically increase not only the amount of land
devoted to farming but also the yields these farms can
create. At the same time, they will need to reduce the
amount of water used to grow these crops. Today, 70% of
the fresh water consumed in Universe is used in farming.
By deploying systems to monitor the moisture in soil at
various depths and reporting this back to a central
irrigation management system, field tests have shown that
water consumption can be cut from 10 to 30% depending
on the crops and the soil. This equates to saving more
water than households consume every year. By not over-
watering or under-watering, yields can also be increased
by up to  7%. In addition to irrigation management,
remote sensing helps with the measurement of soil health,
pH, and other characteristics, which a farmer can then use
to make decisions about where fertilizer is needed and
exactly how much to apply. Optimizing these two inputs
improves crop economics, and reduces unneeded
irrigation or fertilizer applications.

The Internet of Things (loT) is a interconnection of
networks where, typically, a enormous number of objects
/ things / sensors / devices are connected through
communications information infrastructure to provide
value-added services. The term was first coined in 1998
and later defined as “The Internet of Things allows people
and things to be connected Anytime, Anyplace, with
anything and anyone, ideally using any path/ network and
any service” [l]. As highlighted in the definition,
connectivity among the devices is a critical functionality
that is required to fulfill the vision of the 1oT. The main
reasons behind such interest are the capabilities and
sophistication that the 10T will bring to society [2]. It
promises to create a world where all the objects around us
are connected to the Internet and communicate with each
other with minimal human intervention. The ultimate goal
is to create “a better world for human beings”, where
objects around us know what we like, what we want, and
what we need, and hence act accordingly without explicit
instructions [3]. 10T is not only about new technological
devices or platforms, such as sensors, integrated systems
and embedded systems, but according to IBM Watson
(2016), it is the ability to "collect data from things and
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Fig 1: Major Agricultural Activities

Now a day’s many agricultural industries turned to adopt
10T technology for smart farming to enhance productivity,
efficiency, global market and other features such as
minimization of human efforts, time and cost etc. The
advancement in the technology ensures that the sensors
are getting smaller, sophisticated and more economic. The
networks are also available and it can be accessed easily
across the world so that smart farming can be achieved
with full pledge. Focusing on encouraging innovation in
agriculture, smart farming is the answer to the problems
that this industry is currently facing. All this can be done
using smart phones and 0T devices. Farmer can get any
required data or information as well able to monitor his
agricultural sector.

I1. 10T SOLUTIONS FOR SMART AGRICULTURE

The most critical issues that arise in Agricultural industry
are erratic changes in weather condition. The number of
effects of weather change includes heavy rainfall, most
intense storm and heat waves, draught conditions etc. Due
to these the productivity reduces drastically. To increase
the productivity and reduces difficulties in agriculture
field, there is need to use modern network technology and
techniques called Internet of Things. Today, the Internet
of Things (IoT) is moving towards agricultural sector and
enabling farmers to compete with the enormous
challenges they face. Farmers can get huge information
and knowledge about various aspects of agriculture which
includes

Soil Management:

Soil management is a integral activity of measuring soil
quality and monitoring soil moisture level. It is possible to
use 10T for both these management activities.

i) Measuring Soil Quality:
A system that monitors changes in soil quality could be
used for three major purposes.
a) A system can be used to track the soil quality by using
soil quality indicators, resource surveys and assessments.
b) A system can improve the management of soil
conservation programs by aiding in setting tolerable soil
erosion standards, targeting lands that need conservation
measures, and identifying lands most suitable for
inclusion in long-term easement programs.
c) A system of soil quality indicators can aid in the
analysis of the sustainability of farming systems by
providing a set of criteria against which farming systems
can be compared.
The indicator attributes can then be used in simple models
to predict a soil's ability to perform its three primary
functions.

TABLE 1 :Reference and Measured Values of
Minimum Data Set for a Hypothetical Typic Hapludoll

Soil
Horizon and Reference |Measured
Characteristic \Value \Value
Surface horizon 30 15
Phosphorus (mg/kg)
Potassium (mg/kg) 300 300
Organic carbon 2 1.5
(percent) Total
Labile 0.2 0.15
Bulk density (mg/m®) [1.3 1.5
pH 6.0 5.5
Electrical conductivity [0.10 1.0
(S/m)
Texture (percent clay) |30 32
Subsoil horizon 35 35
Texture (percent clay)
Depth of root zone (m) (1.0 0.95
Bulk density (mg/m®) [1.5 1.5
pH 5.5 5.5
Electrical conductivity [0.10 0.10
(S/m)
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Landscape-level assessments — use satellite and remote
sensing technology to assess resource quality at large
spatial scales. Using remote sensing to predict soil carbon
storage is one possible use for this type of assessment.
This information is shared among various agricultural
devices through loT and the same is communicated to
farmer’s community.

Soil Quality Environmental Quality  Agricultural Sustainability

Water Econami
Quality

Fig 2: Inter relationship between various factors
effecting agriculture

ii) Monitoring of Soil Moisture:

The moisture level plays an important role in the
irrigation process as the fields can be saved from
excessive watering and also from deficiency of water. For
this, the system uses GSM modem (for sending data to the
cloud and the user) interfaced to the microcontroller.
GSM modem with a SIM card implements the
communication technique as in a regular cell phone. The
system makes use of AVR microcontroller (Arduino
UNO), soil moisture sensor. It is programmed to receive
the input signal of varying moisture condition of the soil.
The system is powered by a dc 5V.

Power Supply

Soil Moisture
::} Arduino UNO
Sensor !

KA GsM Module

Fig 3a: Block Diagram of Soil Management using 10T
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Fig 3b: Water Management using 10T

Water Management:

Smart water management is important to manage water
resources efficiently. The Internet of Things (“IoT”) can
help the water supply from various sources like rain,
underground water etc., to be used more efficiently and
with less wastage. Smart water meters are a form of 10T, a
network of technologies which can monitor the status of
water resource objects, capture water resource full data,
and communicate that data over a wireless network to a
software application for analysis on a computer in the
cloud. Modern loT Systems are having capability of
contiguous monitoring various devices such as smart
water meters and other smart electronic devices. It also
analyze natural environmental elements such as an ground
area for finding moisture and chemical content level. A
smart device is associated with each object which
provides the connectivity and a unique digital identity for
identifying, tracking and communicating with the object.
A sensor within or attached to the device is connected to
internet by a local area connection (such as RFID, NFC or
BTLE) and can also have wide area connectivity.
Typically, each data transmission from a device is small
in size but the number of transmissions can be frequent.
Each sensor will monitor a specific condition or set of
conditions such as vibration, motion, temperature, and
pressure or water quality. More applications have become
possible because of less cost and size of such devices
continues to decrease and their sophistication for
measuring conditions keeps increasing.
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Fig 4: Block Diagram of proposed Water Management
Model using 10T
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Proposed water management model:

The Common Communication interface is composed by a
set of web services that are consumed by applications
belonging to the Management - Exploitation layer, in
order to operate on entities defined by the physical model,
identify the current state of the systems and also send
water management operations to control the water

consume.
Pmc.ess [ Loading J [Connccting“ Validatin g] [Moniloring ]
Design
\
 Company ~Location = Area
Physical .
Model Control | |Equipment||

| Modue || Mot | RS

|
|
|
|

Process Opcmli()ng Unit Invocation Method

Execution

-/

Fig 5 : Layer Architecture of Water Process

Control of Insecticides & Pesticides and Crop monitoring:
In world many of the countries on average loses over 2.0
million cotton bales every year due to the cotton leaf curl
virus (CLCV), which is considered to be the one of the
top reasons for low cotton yield. CLCV is a deadly virus
that is transmitted by a small insect called white fly: a
sucking pest of cotton and vegetables. Similarly, recently,

a new problem, generally known as ‘reddening’ or ‘red-
leaf-disease’ is now becoming a serious problem in
various cotton crops especially in Asian Countries.

We believe that technology could help the farmers to
monitor different types of parameter timely and cost
effectively. There have been several studies of 10T in
agriculture for general parameter monitoring in pest
control. It boosts their output as is shown by the fact that
many countries are using it and benefiting from
it.Wireless sensor network (WSN) has proved to be very
useful in specific applications requiring monitoring of real
time data. Precision agriculture is among one of them.
Recently the agriculture domain has incorporated WSN to
support its major monitoring operations.

Pest detection and control is at least as old as agriculture
because there has always been a need to keep crops free
from pests. Various techniques are proposed for pest
control in agriculture using 10T. In this part of the paper
we will review and present different types of proposed
mechanisms and techniques and analyze the research
work of different authors and compare the relative
advantages and diadvantages. Table I illustrate crops and
their related pest which are reviewed in literature.

Table 2: Crop vs. Pest3

CROP PEST/ Disease
Cocos Nucifera L RPW Larvae [26]
Grapes Downy Mildew [
Sugar Cane Shoot borer, Rood borer [
Groundnut Vectors (e.g. Thrips) [
Green houses RPW [14]
Date Palm Tree Red Date Palm Weevil (RDPW) [8]
Vineyard North American leafhopper [
Ivy Geranium, Two spotted spider mites (TSM:
Impatiens Tetranychus
urticae) #7

Image sensors are used for monitoring and capturing
pest, it is a low-cost system based on battery powered
wireless image sensors, which are able to capture and
send images of pesticides and insecticides to a remote
control system with specific frequency demanded by pest
control application. These image sensors accurately
monitor quantity of pest with a higher temporal
resolution.

All Rights Reserved © 2018 IJERCSE 18



ISSN (Online) 2394-2320

International Journal of Engineering Research in Computer Science and Engineering
(IJERCSE)

Vol 5, Issue 4, April 2018

Centralized

Database

Central
Server . Remaote
T NN Client
x'\\.\ \\
N\ Remat
‘~ || Remaote
NODE C .
- ) \ 1ent
by
kY
Y
\ | Remots
Internet [/ GSM Client
NODE B

— -

G5M, GFRS, \

GPS, Blustooth

The below table gives

mechanisms proposed for pest control.
Table 3: Pest control Mechanisms in literature using

information about various

observe the noise

WSN and loT
Papers / Analysis of Identificatio | Management
Authors Symptoms n of Pests Pest
. Spraying of
Real time system pesticides
that detect Downy No automatically if
Sarika Datir Mildew pest |~ 50 disease
2014[4] | based on weather | identification o
data. mechanism. probability is
Severed.
No .
identification dRegI_tlme
mechanism. ecision
K Tripathy Weekly data N support system
2013 [8] collected pecific crop, | for prediction
manually pest and of disease
disease.
O. Lopez 2012 | Schedule image i dentil:‘li(():ation Removal of
[14] captured. - pest by Traps.
mechanism
An alarm
: signal to turn
Continuously inform the

Signal ADC Micro | Bluetooth level being  identification | OPeratorand
conditio [ B Controller | 1 Controller N Shirivastav | collected by the mechanism | farmer can then
2013 various sensors for take the
]\ T [16] and comparator specifying necessary
Sensor Driver that is setto a pest. measures to
B - particular spray
’T‘ threshold level insecticides
Actuator | NODE A I,i ustic activities of Comparison
— larvae i.e. of detected
Fig 6: Working Model of 10T in Agriculture chewing, none . pbntrol measures
: Srinivas 2013 crawling, / sound with :
e are mentioned.
[17] emission and prerecorded
With the help of latest electronics and information quick OSC('j”at'ng sound of
technologies, scope of using infrared lights integrated Sounds. RPW.
with sensing systems for optimized crop monitoring and ~Acoustic
production. Latest development in this field is the profj?;jjl%r;sthe Comparison _
introduction of wireless sensor network for monitoring i of detected Isolating or
RDPW inside the - treating the
pest an(_j precision_ agriculture.. Ti_mely .and aCCL.Jraj[e Mohammad A, | Jate palm tree ”0'56_ infected trees
information concerning the spatial inconsistency within Al- Manie | WVere successfully | /sound with with
crops is very important. Sensing technology for pest and 2007 [18] recorded p;eggﬁgrg]?d appropriate
disease detection is most advanced and can provide the And identified RPW. chemicals.
data required for site specific management. using special
Sensor.
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111. CONCLUSION AND FUTURE WORK:

This paper presented a survey of the loT solutions for
implementing smart agriculture. We  classified the
solutions, in the field of agriculture broadly into four
categories: Soil Management , Water Management, Crop
Monitoring and Control of Insecticides & Pesticides. Role
of 10T in agricultural field is increasing day by day due to
advancement in various technologies like cloud
computing, sensors and varius electronic devices. In
particular, sensors and actuators are getting increasingly
powerful, less expensive and smaller, which makes their
use ubiquitous.

This paper reviews the recent researches on loT from Soil
management  perspective. We firstly introduce the
background of measuring Soil  quality and Soil
moisture.We use SOA models of 10T and then discuss the
fundamental technolo-gies that might be used in IloT.
Next, we introduce some key agricultural applications of
loT.

We also examined the contribution of each solution for
improving the efficiency and effectiveness of Smart
Agriculture. We have considered physical model, which
defines the physical elements executing water
management processes in a hierarchical method, and
also, the process model, which organizes and maintain
the execution of particular processes in water
management subsystems.We also reviewed pest control
literature and classify control mechanism as non

technological, technological and integrated pest
management. It reduces human efforts, simplifies
techniques of farming and helps to gain smart farming.
Along with these features smart farming can help to grow
the market for farmer with single touch and minimum
efforts.
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