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Abstract The available traditional methods of irrigation are drip

. L irrigation, ditch irrigation, sprinkler system. This problem can

Agriculture has a major impact on economy of the country, . o .

. ) . - .“be easily rectified by making use of the automated system

Lot of Research been carried out in automating the irrigation .

) . . . _rather than the traditional systems.

system by employing wireless sensor and mobile computing:
Also research been done in applying machine learning ifhe current irrigation methodolyy adopted employ uniform

agricultural system too water distribution [1,2] which is not optimal. So accordingly

technologies being applied towards agricultural monitoring

RecentlyfiMachine to machine (M2M)communication is an (\Svhich is required by farmers.

emerging technology which allows devices, objects etc t
communicate among each other and send data to ServerSw as such standalone monitoring station been developed

Cloudthrough the Core Network. empl oying AMSP 4300 mi crocon

So accordingly we here have developed an Intelligent lo etgo_rologlcal sensors  which includes - temperature - and
- umidity.

based Automated Irrigation system where sensor data

pertaining to soil moisire and temperature captured andin addition to the standalone monitoring station, Wireless
accordingly KNN (k Nearest Neighbor) classification Sensor based monitoringstem [3] been developed which is
machine éarning algorithndeployedfor analyzirg the sensor composed of humber of wireless sensor nodes and a gateway.
data for predictiortowards irrigating the soil with water. This This system here provides a unique, wireless and easy solution
is a fully automated where devices communicate amongyith better spatial and temporal resolutions

themselves and apply the intelligence in irrigatingisTias In addition to employing technologies in monitoring the

been developed using low cost embedded devices like Arduing . . L .
. agriculture for automating the irrigation system, there is need
Uno, Raspberry Pi3.

for some intelligence which allows machines to apply some
Keywords: M2M, K-Means, Arduino, Raspberry Pi3 intelligence in interpreting agricultural data capturec@nd
accordingly analyze data towards predicting the output rather
than following traditional rule based algorithm.

INTRODUCTION So towards thisfiMachine learning [4] which is a part of

Agriculture is the major backbone of Indian Economy. Most ofArtificial intelligence plays a key role which allows devices to
the available fresh water resources are usedlgicultureln  learn without being explicitly programmed.

India most of the irrigation systems are operated manuall
which is not automated. In the recent yeatgomated and
semi automated technologies been deployed for irrigating th
field which has replaced the traditional Agricultural
mechaném.

Machine learning got its applications in Cr&election and
Yield where many effective Machine algorithms7qpidentify

ﬁ1e input and accordingly output the relationship in Crop
selection yielding the approximated prediction
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There are other Machine learning techniques like Artificialn some irrigation system, fuzzy logic controller [10] been
Neural Networks(ANN), K-Nearest Neighbor and Decision implemented for an efficient irrigation system for field having
trees which has been applied in Crop Selection based different crops. Fuzzy logic increases the wmacy of
various factors. measured value and accordingly assists in decision making.

Machine learning also got its application in Crop Diseas&reen house based modern agriculture need to be precisely
prediction [8] in addition to Crop Selection and Yield. Cropcontrolled in terms of humidity and temperature. The
Disease detection andbssification in early stage been carriedatmospheric conditions of plants inside the green house vary
out using Support Vector Machineslso disease detection of from place to pce which makes it difficult towards
Crop leaves been carried out using Pattern Recognition whichaintaining uniformity at all places in farmhouse manually. So
is a branch of Machine Learning. towards this, GSM been used towards reporting the status

So it is clear that Wireless sensor based system and mach%eb out irrigation for farmeros

learning have been employed in agricultural monitoring
pertaining to Crop Selection and Yield, Crop diseas
prediction. But there has been no research reported so
which does prediction and alysis of the agricultural data Sensor based paddgrowth monitoring system [11] been

gathered towards automating the irrigation. Also most of thdeveloped by researchers Kait towards improving the rice
systems so far are semi automated or in some cases automgteatiuctivity or yield. This system been considered to be cost
which are confined to a small area and there is still need effective as well as durable at outdoor operations. The
some human intervention based on prediicfor actuating and architecture of the systerm shown in Figurel where sensor

S0. nodes like Temperature, humidity, light, water level etc are

So now with the upcoming of M2M [9] which is a part of loT deployed in the field to gather the appropriate data and

. . ; . . ccordingly transmitted to the Base station using multi ho
that allow devices to communicate with other devices wnhou? : gy 9 . P
. . routing. The data are processed locally at the BS which are
the need of human intervention, we here have developed

n .
. . n sen he rem rver for further pr in n
Intelligent IoT based Automated Irrigation systewhere ﬂ1e sent to the remote server for further processing and

Moisture and Temperature sensor been deployedthe analysis.

agriculture field towards capturing the data for watering thé\fter data analysis, message sent to farmers notifying the field
field. Now based oinformation gathered by the gateway unit conditions and providing suggestions.. Knowledge base can be
from sensor, information sent to control unit which iscreated based on the data collected using Expert systems for
Raspberry pi. Rasgory pi holds a KNN (K Nearest further analysis. This system is not scalable and cannot be
Neighbor) machine learning algorithm towards analysis ofeused on other applications as it is not based on the concept of
information extracted from the sensor for actuating the pumpachine to Machine Communications (M2M) which cover a
for watering the field. This information on data analyzed idarge geographical area with many sensors deployed in the
recorded in Cloud server which allows thenfeer 6 s t ofield.c ce s s

from their mobile handset. This shows a complete intelligen*

loT based Automated Irrigation system prototype developerg
s,

(t?aCrT Based Agricultural Monitoring

where intelligence developed in training the data set fo i "~
predicting the soil condition towards watering the field or not; | ‘s "
which makes things simpler for farmer of not worrying about; P & Tt -'*‘F Actuate Irrigation
; ; i 8 Y scheduling, Fertilization ;

watering t he field. Al so . Wt scheduling, CropRotation | 1 €
field watered or not from web server too. A j o ;‘— Sensor nodes decmog, Bltrds scaring

N e ystem

- ‘-'9@.‘:: ki or
"W\ g Rice field Other planting practices

- 'm“ - scheduling

LITERATURE SURVEY

Before going into the details of our Intelligent IoT based/ Sink
Automated frigation system, we will review some of the |““Node

existing system in vogue pertaining to Agriculture.
e B
L atabase

Figure 1: Paddy Growth Monitoring System

Internet A

"‘"-4 Network ™) X J
. \ Local User
86 k—
\
X

Farmer’s Mobile g

Traditional Agricultural Monitoring

In some of the traditional irrigation system, irrigation is
scheduled by monitoring the soil and water status by

employingtension_meter and .drip irrigation by automating theresearch [12] been carried out by employing Bluetooth
controller system in sandy soil. Wireless Transmitter that sense soil moisture, temperature etc
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and accordingly send the data to the Base station (BS) whidihe condition of networks sucts docalisations, collision and
makes the decision towards irrigation deaislmased on field network configuration are carried out by network management
and time. The irrigation control unit which is responsiblemodule. This system here developed have introduced the
towards irrigating the field pertaining to operating theconcept of M2M communication where water and energy
sprinkler would receive the control signal from the BS. This igonserved by using intelligent sensor network and efficien
based on water Requirement of the fields. Some researcheositing protocol

are also working towards Variable rate Sensor based Irrigatio~
System.

Researchers Wall and King [13] developed an automated fiel
specific irrigation system with soil moisture sensor and
sprinkler valve controller. These systems do not take intc
consideréion monitoring the water pollution in lakes or rivers
and also do not consider M2M Communication concept.
Research been carried out in developing an intensive sens
based irrigation monitoring system which is scalable and sel
organizing [14]

End user data
procassing and query

O saon | OH simion

Data
Acquisition
Module

Real ime Data

MNetwork
Managament
Module

Maodule for
Alarm,
Natwork
Status Display

Decision
Mon-Real time Data Making
— Module
Business
Module
Database
I a End User

Figure 3: Upper layer of irrigation monitoring system

Research also been done in Crop field assessment towards
irrigations, applying fertilizers and pesticid&o accordingly a
sensor

network based field management system been

developed where solar powered moisture nodes and low
resolution camera deployed. The information from the two
sources are captured for comparative assessment and analysis.
Sensor Network Sensor Network Crop height, cosrage and greenery information are sent
through the sensor networks to the Base Station (BS) by means

of Self contained, self powered low resolution camera. In

Figure 2: Bottom layer of irrigation monitoring system addition crop images are sent from these camera nodes by
allocating the time. Lastly the cattfgosition and behaviour
can be observed by means of camera nodes.

The system architecture of their proposed sebased Research [15] also been carried out by developing an
irrigation monitoring system is divided |nt_o two layers: bottomgtomated irrigation system (A2S) which is based on sensor
layer and upper layer as shown ifigures 2 and 3. network. Wireless sensors are being employed for monitoring
Hierarchical sensor network are pladgachottom layer where  and controlling theagricultural fields. The management sub

nodes are placed in widely separated clusters. These nodggtem controls the sensor network and accordingly provides
send the data to Base station (BS) which are connectgde v v i ¢ e
Wireless LAN that holds the data logger software.[14]. distance communicated provided by means of WLAN between
Upper layer consist of fi v&ensedeworkand seygi.iManagermensesterisLengsiels i t
moduk, network management module, alarm/network staty@atabase, application and web server. Data from sensors are

di splay modul e and busreantens s "e¢Riyad Py ¥ applicatiop garverwhigh ageqstpred in the
server. Web server

data are collected using the data gathering modules frofhat abas e

sensor network which are stored in database for decision/al&tPA-

to far mer 6s

by means

notifications. Alert néfications or displaying information to |, addition to the above mentioned research employing
the end users are carried out by the Alarm/Network statygireless sensors in agricultural monitoring, mobile phones also
display module. The Alarm/Network status display moduléyaye been adopted in many rural areas by the farmers [16]. In
acts as an access point between end users and oth@g of the researcinformationabout the seeds is delivered to
far mer 06 &irstiimthetpeariodic Wwraagaast of
seedinformation from webportal through SMS on mobile

modules/networks t he
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phones of farmers depending upon the season. Second, farr@@ape diseases like nthracnose, Powdery Mildew and
can query the system by sending names of the crops in SM®wny Mildew from the images collected under uncontrolled
and our system will automatically reply with the available seeénvironment with random background. In here, the
information of the cropSothis way farmemill be able to get performance of Random forest been compared with
information on their mobile phones at a reasonable cost &obabilistic Neural Network, Back propagation Neural
compared to expenses incurred in travelling to agriculturalletwork and Supprt Vector Machine. Also performance of
offices. Moreover, wastage in time is also an issue that will bdifferent texture features been studied. The proposed system
solved through this system achieves best classification accuracy of 86% using Random
. . . Forest and GLCM features for background separation and
Low cost technological solutions are provided by sensor,. -
S disease classification.
networks for PA towards in field crop management. These
crop conditions/growth are monitored for a longer period ofrop Selection Mihod research [20] been developed towards
time, remotely make decision and accordingly evaluate thselecting the sequence of crops planted over a season.
potential of new crops. With ¢hdata collected by sensors, Selection of Crops resolved based on prediction yield rate
database or knowledge base created. GUIs are integrated withich is dependent on parameters like weather, soil type,
these sensor networks in these monitoring systems. water density, crop type etc. Crop, Sowitigie, plantation
days and predicted yield rate are given as input for the season
in this method and accordingly sequence of crops given as
Machine Learning in Agricultural Monitoring output. The performance and accurancy of CSM is dependent

The machine learning algorithm has various uses in the field 8h predicted value of influenced parameters.

agriculture monitoring which are being discussed here.
In one of the research [17], Machine learning been applieghtelligent 10T BasedIrrigation System
towards Grape cultivation. In here farmers are unable t? - . o
he existing Agricultural monitoring system has employed

identify the disease manually on the grapes. The disease on

grapes is identifiable onlyfter the infection which takes lot of yw_rele_ss sensors for monitoring the soil condition fqr
; A rrigation. Also some of the system has employed mobile
time and also has adverse effect on the vineyards.

. o andset also for delivery. In none of these systems, thests e
accordingly a monitoring system developed for grape . . . .
o . L ntelligence which analyses the real time data based on past
cultivation where temperature, relative humidity and lea

wetness sensors are deployed in the vineyard. The q-5xperience for irrigating the field. Most of the system just

collected at regular intervals are sent using Zigbee module %ptures the data from the field and accordingly controls the

the server. The server here employs the hidden markov mocﬁg”nkler valve for watering the field.

algorithm towards training the data sets pertaining tdn terms of machindearning, lot of research been carried out
Temperature, relative humidity and leaf wetness for analysingwards crop yield and crop disease prediction only. There has
the data towarsl predicting the chance of disease on grapeBeen no research reported which employs machine learning
before getting infected. This information is sent as aleralgorithm towards analysing the soil condition based on
message via sms to the farmer and expert. The system empldngined data set for irrigating théelid automatically without
machine learning in early and accurate detection of diseaseany human intervention. Also there exists no M2M system
grapes and suggests pesticit protect the crop from disease which interacts between the system towards making analysis
and reduce manual disease detection efforts. Also this systend predicting intelligently.

can be helpful for far mer 6
schedule of fertilizero6s, p
would help in improving the quajitand quantityof grapes

30 té{kiﬁ%waﬁ ed abovedmentioned dra\lfvbggksoiﬁ tWeaetxiétir(l) "
gygteml, We fefe ha/R r(ﬁugeld WY intellfgerntr loT° k?agea :
automated irrigation system where the temperature and
Extreme Machine Learning [8] been employed which is amoisture sensors deployed in field communicate to Arduino
simple, reliable and efficient single hidden layer feed forwaranicrocontroller. The sensed moisture and temperature value is
neural networks. This methodology is based on weather factattsen transmitted using serial communication to édigvice

and time series of soil moisture. Data sets dmioed from called Raspberry Pi3. Raspberry Pi3 holds the machine
Dookie Applied Orchard in Victoria, Australia. Results havelearning algorithm called KNN (K Nearest Neighbour)
shown that future trend of soil moisture can be predictedlassificationwhich takes the soil moisture and temperature
accurately and accordingly decision support can be developétto consideration. The KNN (K-Nearest Neighbour)

for irrigation scheduling. This method provides better accuracglgorithm classifies the objec based on closest training
compared to Support Vector machines which is the traditiona@xamples in feature space. This is a type of instance based
and conventional soil moisture forecasting learning or lazy learning where the function is approximated

. .. locally. In addition the computation is deferred until
In another research [19], Random Forest Machine algomhn]ass?;ication. This is the mos? fundamental anchpsést

been developed for detection and classification of different
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classification technique where little or prior knowledge abouMoisture and Temperature Sensor deployed in soil are
distribution of data is needed. connected to Mirocontroller which gives the moisture and
temperature output based on soil condition and Temperature.

field, different soil conditions i.e Dry, little Dry, little wet and el'he data received by Arduino are then §ent to. Edge Ieyel
processor called the Raspberry Pi3 using Serial

Wet are taken for traing the data set pertaining to soil communication which is second component. In FHGNN

moisture and temperature and accordingly predicting the sqi . . . L
: ) . achine learning algorithm been employed for predicting the
based on real time data received for actuating the pump for. . .
. . soil condition based on Moisture and Temperature level. The
watering the field. ) . . ) .
predicted output is then used for sending the control signal via
Finally the analysed data along with field irrigated are updatethe serial communication to Arduino for controlling water
in cloud serer which lets the farmer know the condition of pump fa watering the field accordingly. The last and final
soil and also water being irrigated. This can be accessed fracomponent is recording the soil moisture and Temperature
farmerds mobil e. Al s o gr ap Heveldaadt peedicsoh wite tiate anfd time m ths ¢loud servenfae r
temperature and CSV file pertaining to trained data set afear mer 6 s t o access from their
stored in cloud server todhe complete system architecture ofand understanding ofefd being irrigated. The corresponding
our loT based System is shownHigure4. Data Flow Diagram, Sequence diagram, Context diagram and

The system here consists of three components. Fir%se case diagram pertaining to loT based system are shown in

: : . .Figures 5 to 8. The flowchart of complete loT based
component is the Arduino Microcontroller part where Soll Lo ) Co
Automated Irrigation system is shown in Fig.9.

So towards making an intelligent analysis for irrigating th

POWER SUPPLY iy, SERIAL RASPBERRY -
_ MICRO ——r—.] COMMUNIC- =" Pi3 \OBIE
CONTROLLER ATION -
TE.\;]:il;g‘ll‘leE -~ DATA DATA ETHERNET
1 J ~ I COMMUNIC
COLLECTION —r—1PUMP PROCESSING [—] SATIGN
INTERFACE INTERFACE
SOIL MOISTURE
FARMER"
SENSOR =1 MOBILE
FARMER'S MOBILE

Figure 4: 10T Based Automated Irrigation System
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Figure 6: Sequence Diagram
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Figure 7. Context Diagram
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Implementation Results the data set pertaining to moisture and temperature for
The Intelligent loT based Automated Irrigation Systemdlfferent soil conditions like dry, little dry, wet, little wet and

. . . rdngly prediction done. The predict tput i nt

developed involves Arduino and Raspberry Pi3 accord gy p edictio -do © © ped cted output is se - as
. ) ) o . control signal to Arduino for actuating the pump for watering
microcontroller and processing unit. In addition moisture an; . . : : . .
) : . the field accordingly. Lastly the information on the field being
temperature Sensors deployed in soil for sensing th:-. ) .
) . irrigated is stored in Webpage of Cloud for farmers to access.
temperature and soil moisture level. These sensors & : . . - .
. . This entireprototype is shown in FigQl Figure.ll shows the

connected to Arduino microcontroller where sensec

information €nt to the microcontroller for action. In addition Raspberry Pi3 environment setup which an Edge level

to these sensors, the actuator for water pump also Connecte(p[,qcessowvhere intelligent analysis carried out by employing
Arduino for pumr;ing the water K-NN Machine learning algorithm for predicting the soil

condition based on captured Sailoisture and temperature
The sensed data are then communicated serially using seidata and also on the trained data sets pertaining to Soil
communication to Raspberry Pi3 control unit wherachine moisture and temperature for different types of soil which are
learning algorithm KNN being deployed. The Pi3 control dry, little dry, wet, little wet.

units holds the machine learning algorithm towards training

Water Pump

Jumper Wires

e e

Figure 11: Raspberry Pi3 Environment
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Figures 12 to 15 shows the different moisture sensor data been stored in.csv file. This where the intelligence comes into
against temperature for different types of $oidry, little dry, play where the machine learning algorithm would predict the
little wet and wet been captured periodically and same data&oil condition for watering based on sensed and trained data
been trained using machine learning algorithaNK. The set rather than just scheduling thegation perdiocially in a
data being trained ugsinK-NN Machine learning algorithm day without any intelligence.

5
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o
4 v © ¢

L
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0] T T T T T T 1
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Figure 12: Graph for dry Soil
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Figure 13: Graph for little dry soll
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Figure 16 shows the serial

between Arduino and Raspberry Pi3. ligs17 and 18 shows

Figure 15: Graph for wet soil

communication established learning algorithm employed. FI® shows the control signal
the soil based on prediction

sent to Arduino for watering

the prediction of soil based on the input received and machineutput.
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Figure 16: Serial @mmunication between Arduino and Pi3

Emse enstan URDUY 100IS Help

Figure 18 Storing the Predicted Output
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Figure 19: Pump watering the soill

Figure 20 shows the Cloud server webpage of an Intelligent Figure 22 shows the CSV file of the trained data set for this
loT based Automated Irrigation system for farmers to accesstype of soil.Fig.23 shows the Predicted output file which can
Figure 21 shows the graph data sheet of moisture versus timebe accesed by farmers mobile.

¢ Data File
o Predicted File

Figure 20: Cloud Server Webpage
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Figure 21: Graph data sheet of moisture versus temperature
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Figure 22: CSV file of the trained data set

Figure 23: Predicted output file

Conclusion and Future Work Intelligent 0T based Automated Irrigation system. The
. . system here receives the input to microcontroller where
Agricultural monitoring is very much needed to reduce much ~". .

. L Moisture and temperature sensor connected. The sensor input
of human labour and at the same time minimise on water,

usage. Lot of system been developed employing WirelesdS transmitted serially to Pi3 which is edge lepebcessor

Sensor in monitoring and predicting the soil condition for where KNN machine learning algorithm employed for

o ) . ; . . predicting the soil condition based on trained data set. So
irrigating the field. In addition machine learning techniques . . : .

. . . accordingly the control signal sent to Arduino back again for
been employed towards crop yield and crop disease prediction ) . :
only watering the pump. The trained data set and predicted data are

' stored inCl oud server for far mer o
Now with the advent of Machine to Machine communication phone. This has resulted in complete automated irrigation
(M2M) which involves devices to communicate among system employing IoT Technologies where devices

themselves in takingaction, we here have developed an communicate among themselves in predicting the soil
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