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Abstract - Agriculture  plays  a  vital  role  in  India’s  economy.  Over  58  per  cent  of  the  rural  households depend on 
agriculture as their principal means of livelihood. Agriculture contributes to 17% of the  Gross  Domestic  Product  (GDP)  
in  Indian  economy.  Most  of  the  rural  farmers  rely  on improper  farming  practices.  With  the  water  requirement  in  
the  farming,  there  is  a  need  of irrigation system that can save water. Super flaws irrigation leaches nutritive element of 
soil as water seeps down due to gravitational force of earth. It also causes water logging, so irrigation need a constant  
monitoring. The improvement in  irrigation system using wireless network is  a solution to achieve water conservation as 
well as improvement in irrigation practices. The dissertation aims to implement sensor based irrigation system through 
wireless sensor networks. The objective of this project is to control the flow of water in pipe with the help of soil moisture 
sensor.  Depending  on  the  need  of  plant  or  crop  water  will  be  supplied  automatically  by implementing a  carbon  
nano tube based low  cost  soil sensor design. Thus system is providing self-sustainable  wireless sensor network for  plant  
irrigation.  This  irrigation  allows  farmer  to  reduce  run-off  from over-water in saturated soil and also reduces water 
wastage and in effect improve the crop yield by ensuring adequate water supply when needed. 
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I. INTRODUCTION 
 
Agriculture  plays  a  vital  role  in  India’s  economy.  
Over  58  per  cent  of  the  rural  households depend 
on agriculture as their principal means of livelihood. 
Agriculture contributes to 17% of the  Gross  
Domestic  Product  (GDP)  in  Indian  economy.  
Most  of  the  rural  farmers  rely  on improper  
farming  practices.  With  the  water  requirement  in  
the  farming,  there  is  a  need  of irrigation system 
that can save water. Super flaws irrigation leaches 
nutritive element of soil as water seeps down due to 
gravitational force of earth. It also causes water 
logging, so irrigation need a constant  monitoring. 
The improvement in  irrigation system using wireless 
network is  a solution to achieve water conservation 
as well as improvement in irrigation practices.The 
dissertation aims to implement sensor based irrigation 
system through wireless sensor networks. The 
objective of this project is to control the flow of water 
in pipe with the help of soil moisture sensor.  
Depending  on  the  need  of  plant  or  crop  water  
will  be  supplied  automatically  by implementing a  
carbon  nano tube based low  cost  soil sensor design. 
Thus system is providing self-sustainable  wireless 
sensor network for  plant  irrigation.  This  irrigation  
allows  farmer  to  reduce  run-off  from over-water in 
saturated soil and also reduces water wastage and in 
effect improve the crop yield by ensuring adequate 
water supply when needed. 
 
II. SURVEY OF LITERATURE 
 
Walker  [1],  in  his  paper  titled  surface  irrigation  
evaluation  and  design  has  presented  the surface  

irrigation  method  in  which  water  is  distributed  
over  the  field  by  a  free-surface, gravity flow [1]. A 
flow is introduced at a high point or along a high 
edge of the field and allowed to cover the field by 
overland flow. The rate of coverage is dependent 
entirely on the quantitative differences between inlet 
discharge and the accumulating infiltration. 
Secondary factors  include  field  slope  and  length  
as  well  as  surface  roughness.  The  surface  
irrigation systems are typically less efficient in 
applying water than either sprinkle or trickle systems. 
Land  levelling  costs  are  high,  so  the  surface  
irrigation  practice  tends  to  be  limited  to  land 
already having small, even slopes. Skaggs [2], in his 
paper titled Drip Irrigation: Implications and 
obstacles has proposed Drip irrigation which saves 
water by allowing water to drip slowly to the roots of 
many different plants, either onto the soil surface or 
directly onto the root zone, through a network of 
valves, pipes, tubing and emitters. It is done through 
narrow tubes that deliver water directly to the base of 
the plant. It is chosen instead of surface irrigation for 
various reasons, often including concern  about  
minimizing evaporation.   Drip  system  requires  
constant  maintenance  and monitoring. Emitters can 
become clogged and leaks can develop as result of 
mechanical or animal damage. Salt can accumulate 
near the root zone. Seeds may not germinate in the 
fields where  drip  irrigation  cannot  be  
supplemented  by  surface  or  sprinkler  irrigation  
early  in growing Season. Microclimate control is 
reduced as a result of drip irrigation, while surface or 
sprinkler irrigation can lower air temperature around 
growing plants and thus reduce water stress and 
transpiration. Scherer[3],   in   his   paper   titled   
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Sprinkler   Irrigation   System   has   presented   
Sprinkler irrigation method  of  applying  irrigation 
water  which  is  similar  to  natural  rainfall.  Water  
is distributed  through  a  system  of  pipes  usually  
by  pumping.  It  is  then  sprayed  into  the  air 
through  sprinklers so  that  it  breaks  up  into  small  
water  drops  which  fall  to  the  ground. Seepage 
Losses,   which   occur   in   earthen   channels   of   
surface   irrigation   methods,   are completely  
eliminated.  Moreover,  only  optimum  quantity  of  
water  is  used  in  this  method Land  levelling  is  
not  required  and  thus  avoiding  removal  of  top  
fertile  soil,  as  happens  in other surface irrigation 
methods. The water is to be applied at a rate lesser 
than the infiltration capacity of the soil, and thus 
avoiding surface run off. This method leaches down 
salts and prevents  water-logging  or  salinity.  Hence  
this  project  implements  the  sprinkler  irrigation 
technique.uthor in [6] applied Gabor wavelet and 
Discrete Cosine Transform to extract the color and 
texture feature whereas Manhattan distance was used 
as similarity metric. [7] adopted color histogram and 
helped to enhance the retrieval accuracy [12]. 
 
III. PROPOSED METHODOLOGY 
 
3.1 System Overview 
 

 
Fig3.1 System Overview 

 
The system can be classified into three  main 
categories: - 
(a) Distributed nodes consisting of intelligent sensors 
and Node MCU controller. 
(b) Central monitoring and alert system consisting 
Node MCU. 
(c) Irrigation control unit. 
 
Sensor node is a basic unit of WSN system. It consist 
of sensors ,Node MCU 32 bit controller which is used 
as wireless communication module and power 
supply. System consist of soil fertility sensor, 
humidity and temperature sensor. They are connected 
to GPIO pins of Node MCU. It will capture data from 
sensor and send to central monitoring unit. Central 
monitoring unit also consist of NODEMCU .It will 
collect data from all distributed nodes and store it on 
its cloud. It will monitor a data for any abnormalities. 

If fertility level of soil is not normal then it will send 
a signal to irrigation control unit for proper irrigation. 
It will also send alert message related to soil fertility 
and temperature to a farmer on his mobile through 
Wi-Fi. 
 
3.1.1 Irrigation Control Unit 

 
Fig 3.2 Irrigation control Unit 

 
Central Monitoring unit will monitor a fertility level 
of soil from each node. Fertility of  soil is related to 
moisture content in it. If fertility of any soil reduces it 
is necessary to irrigate it. GPIO pins of Node MCU 
are connected to particular valve of particular filed 
area. Pump Motor is also connected to GPOI pin of 
Node MCU. If fertility level is low Node MCU will 
send a signal to turn ON the Motor and valve. Water 
is supplied to particular node .If moisture level in soil 
reaches to its normal level Node MCU controller will 
send signal to pump and valve to turn OFF. 
 
3.1.2 Component description 
3.1.2.1  Node MCU 
Node MCU is an open source IOT platform. It 
includes firmware which runs on the ESP8266 Wi-Fi 
SOC and hardware platform  which is based on the 
ESP-12 module. 
Integrated hardware based on ESP8266, integrates 
GPIO, PWM, IIC, 1-Wire and ADC all in one board 

 USB-TTL on board. 
 10 GPIO, every GPIO can be PWM, I2C, 1-

wire. 
 ESP8266-12E WIFI module 
 PCB antenna. 

 
Fig.3.3 NodeMCU 
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ESP8266 12-E (microprocessor & Wi-Fi module): 
Serial Wi-Fi Wireless Transceiver microcontroller 
module. It is 80 MHz microcontroller with a full Wi-
Fi front-end (both as client and access point) and 
TCP/IP stack with DNS support as well. Comes with 
a 4MB flash chip, an ESP processor, and an onboard 
antenna. ESP8266-12E also integrates an enhanced 
version of Tensilica’s L106 Diamond series 32-bit 
processor, with on-chip SRAM . The module 
consumes less power and its Deep Sleep technology 
enables it to go to sleep for a certain specified 
interval, making the power consumption very low and 
making it a perfect battery powered solution. The 
programming of the microcontroller is done in Lua. It 
has following specifications: - 
 

 802.11 b/g/n 
 Integrated low power 32-bit MCU 
 Integrated 10-bit ADC 
 Wi-Fi 2.4 GHz, support WPA/WPA2 
 Deep sleep power <10uA, Power down 

leakage 
 current < 5uA 
 Wake up and transmit packets in < 2ms 
 Standby power consumption of < 1.0mW 
 +20 dBm output power in 802.11b mode 
 Operating temperature range -40C ~ 125C 
 multiple programming language support- 

can be programed using Lua,Arduino ide, 
and even micropython 

 
3.1.2.2. DHT11 (Temperature & Humidity Sensor) 
Digital Humidity & Temperature sensor are 
programmed with the microcontroller for capturing 
humidity and temperature from DHT11 DHT sensor 
features calibrated digital signal output. By using the 
digital signal-acquisition technique and temperature 
& humidity sensing technology, it ensures high 
reliability and excellent long-term stability. This 
sensor includes a resistive-type humidity 
measurement component and a negative temperature 
coefficient based temperature measurement 
component. 
 

 Low cost. 
 to 5V power and I/O. 
 Good for 20-80% humidity readings with 

5% accuracy. 
 Good for 0-50°C temperature readings ±2°C 

accuracy. 
 No more than 1 Hz sampling rate (once 

every second). 
 
The component is 4-pin single row pin package. It is 
convenient to connect and special packages can be 
provided according to users’ request. 
 

 
Fig.3.4 DHT11 sensor 

 

 
Fig.3.5 Typical application of DHT11 

 
3.1.2.3. Soil sensor 
The soil sensor is designed for sensing the property of 
soil depending upon the fertilizer added and the 
moister contain in the soil. 
WHAT ARE CARBON NANOTUBE? 
CNTs are hexagonal networks of carbon atoms of 
approximately 1 nm diameter and 1 to 100 
microns of length. They can essentially be thought of 
as a layer of graphite rolled-up into a cylinder. 
Depending on the arrangement of their graphene 
cylinders, there are two types of nanotubes: single-
walled nanotubes (SWNTs) and multi-walled 
nanotubes (MWNTs).SWNTs have only one single 
layer of grapheme cylinders; while MWNTs have 
many layers(approximately 50) 
 

 
Fig.3.6 Soil sensor 

 

 
Fig.3.7 Single-walled CNT structure 
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A SWNT were produced with a chemical vapor 
deposition(CVD) technique from the of Castor 
(Ricinus communis).Sensor used a method of 
measuring the complete field effect modulation of 
conductance after applying soil (test solution) .The 
threshold voltage shift provides information about 
analyte (soil) concentration.The given construction 
has three layers SWCNT insulating material and the 
metal contacts.Single semiconducting SWCNT acting 
as the channel of a liquid-gated FET . The tube 
conductance decreased up on the absorption soil 
gases which was attributed to a change in surface 
potential of the tube.that is change in the permittivity 
takes place.Using this SWNT a soil sensor 
construction design has Copper contact of 4mm 
separated by 5mm distance  and insulating material 
like glass epoxy.The is biased by  a 9v battery here 
CNT works as asemiconducting material and circuit 
acts as variable capacitance.When there is no test 
solution on subtract charge is acculumated to battery 
potential between the copper plates and when the test 
solution that is soil is placed the gate channel is 
formed and thus capacitance decreases and 
conductivity changes. 
 
3.2 Implementation 
The dht11 sensor is interfaced with the NodeMCU 
and data is transferred to think speak IOT platform. 
Flow chart: 

 
 

IV. RESULTS 
 
In our country, most of the rural farmers rely on 
rainfall for their harvest; but the rainfall is non-
uniform and irregular. This creates problem in 
irrigation which badly affects the agricultural output. 
The project is designed to develop an automatic 
irrigation system which switches the pump motor 
ON/OFF on sensing the fertility of the soil. In the 
field of agriculture, use of proper method of irrigation 
is important. 
This project covers the application of sensor based 
irrigation system through wireless sensor networks 
which includes temperature and humidty and soil 
fertility sensor interfaced with node MCU. The 
advantage of using this method is to reduce human 
intervention and still ensure proper irrigation. 
 
4.1 Interfacing of temperature sensor DHT11 with 
Node MCU 
This project consists of an automatic irrigation 
system implemented with the help of Wi-Fi 
technology. DHT 11 sensor is used for humidity and 
temperature sensing Sensor is interfaced with Node 
MCU which includes firmware which runs on 
the ESP8266 Wi-Fi SoC  and hardware which is 
based on the ESP-12 module. Interfacing is shown in 
Fig.4.1. Wiring the DHT11 to the NodeMCU is 
really easy.Wiring connection is as follows. 
 
Pin 1 of the DHT11 goes into +3v of the NodeMCU. 
Pin 2 of the DHT11 goes into Digital Pin D1 of the 
NodeMCU 
Pin 3 is not connected 
Pin 4 of the DHT11 goes into Ground Pin (GND) of 
the NodeMCU Software used for programming is 
Arduino IDE 

 

 
Fig. 4.1 Interfacing of DHT11 with Node MCU 

 
Output on serial monitor of Arduino IDE is as 
follows 
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Fig.4.2 Output of DHT 11 sensor on serial monitor of Arduino 

IDE 
 
4.2    IoT Based Remote Monitoring 

 
Fig. 4.3(a) IoT Based Remote Monitoring 

 

Thing Speak is an open source “Internet of Things” 
application and API to store and retrieve data from 
things using HTTP over the Internet or via a Local 
Area Network. Each Thing Speak Channel supports 
data entries of up to 8 data fields, latitude, longitude, 
elevation, and status. Thing speak was originally 
launched by ioBridge in 2010 as a service in support 
of IOT applications. 
 

 
Fig. 4.3(b) Display of channel API keys to read from and write 

to the channel. 
 
Thing speak is a platform providing various services 
exclusively targeted for building IoT applications. It 
offers the capabilities of real time data collection, 
visualising the collected data in the form of charts, 
ability to create plug-in and apps for collaborating 
with web services, social network and other APIs. To 
use Thing speak, the user needs to sign up and create 
a channel. Once a channel is created data can be sent 
allowing Thing speak to process it and retrieve the 
same. 

Output of DHT11 interfaced with Node MCU on thing speak is shown below. 
 

 
Fig.4.3(c) Temperature and humidity data from DHT 11 sensor on Thing speak 

 
4.4 Soil Fertility Sensor output 
Fertility of soil is proportional to conductivity .Soil 
fertility sensor using carbon nanotube gives result as 
shown in table .From observation soil with moisture 
and fertilizer has good conductivity as compare to dry 

soil. Fertility also varies as per types of soil. Different 
types  has different fertility level. From results red 
soil has more conductivity as compare to dry soil. 
This variation in fertility level will be useful for 
implementing automatic irrigation system. 
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Types of Soils Volt Conductivity 

Dry- Red Soil 7.5V Bad Conductivity 

Wet- red Soil 3.2V 
Very Good 

Conductivity 
Red- Soil With 

Fertilizer 
2.2V 

Very Good 
Conductivity 

Black–Soil with 
Fertilizer 

2.5V 
Very Good 

Conductivity 

Dry- Black Soil 7V Bad Conductivity 

Wet-black soil 4V Good conductivity 

Table No.4.1 Output from soil fertility sensor 
 
 
CONCLUSION AND FUTURE SCOPE 
 
Intelligent sensors and wireless communication have 
become a standard procedure for measurement of 
process plant and environmental parameters. DHT11 
sensor for  temperature and humidity have been 
interfaced with a 32bit Node MCU, for processing 
and displaying parameter over IOT platform and 
communicating to the central node over 802.11b/g/n 
Wi-Fi channel. Also the soil sensor is designed and 
tested. As different plants grow on different types of 
soil which means the requirements are different. Thus 
the automatic water supply for the irrigation of the 
field can be achieved with the CNT based soil sensor 
by detecting different nutrient content of soil. Thus 
the system monitoring parameters along with the soil 
testing for fertility of soil in irrigation process will 
increase the yield of crops. It will also avoid the 
waste of water resources. This irrigation system will 
allow cultivation in places with water scarcity thereby 
improving sustainability. Using this system, one can 
save man power, water to improve production and 
ultimately increase profit. 
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