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Abstract - Food production for 9.6 billion people by 2050 is a challenge with limited arable lands, increasing fresh water 
supply and climate change. There is a need to provide a smart solution to maximize yield from the agriculture fields with 
limited resources. E-Krishi is a smart irrigation system using automation, Internet-of-Things (IoT) and cloud computing. The 
proposed system provides smart irrigation schedule to crops to ensure adequate amount of water in fields for healthy growth 
of crops and reducing wastage of water. It takes as inputs real time data, i.e. moisture content of soil and rainfall prediction 
in a particular field. It aids farmers in decision-making such as time and duration of water distribution in fields based on 
threshold values set by them. Moisture sensor is used to read the moisture content in the soil. If the moisture content is below 
particular level, the water pump automatically gets on. The watering of the crops can be delayed if there is a rainfall 
prediction. 
 
 
I. INTRODUCTION 
 
World’s 70% fresh water is consumed by agriculture. 
Food production must increase by 70% by 2050, and 
this has to be achieved in spite of limited arable land, 
unpredictable rainfall, and change in the life cycle of 
many plants. There is a need to do smart irrigation 
which will allow the user to utilize resources like 
water remotely in a smarter way. Agriculture and IoT 
are two big things, one has a history due to which 
humanity exists today and other is the latest way to 
make life easier and comfortable for humanity. 
Sensing technology added to the strong network that 
world is connected with is one of the biggest booms 
in Information Technology industry. Applications 
that work on the huge amount of data being produced 
by the sensors have been made possible with the 
increase in computation and storage capacity due to 
cloud providers. IoT refers to the networked 
interconnection of everyday objects, which are often 
equipped with ubiquitous intelligence. IoT will 
increase the ubiquity of the Internet by integrating 
every object via embedded systems, software, 
sensors, and actuators for interaction [1]. 
In India, irrigation industry is one of the major 
sources of employment and many crops are exported 
too. But still, there is no modern technology to make 
the work at farm efficient and easy while using 
minimal resources. In present day scenario, a person 
is hired by the field owners to keep a check on 
irrigation, which is not an efficient way of doing this. 
Sometimes water more than required is given to the 
fields leading to and in some cases, rainfall occurs 
just after the irrigation is done. 
The proposed system E-Krishi will help field owners 
to tackle such situations in a smarter way and hence 
getting good production using minimal electricity and 
water. It has provided a way to control the water 
pump from the mobile app. Moreover, in case the 
user forgets to water plants then based on the 
moisture level, irrigation will start automatically and 

minimum moisture level will always be ensured in 
the field. This solution is an effort to make agriculture 
smart using IoT. It helps increase food production per 
unit usage of water. It would be helpful for irrigation 
in a country like India which still uses older ways of 
farming but still employing a maximum number of 
people in it. This method can also be applied to 
personal gardens at home. Automatic and remote 
irrigation will also help a modern man who is always 
busy and forgets to give water to plants at home. 
Using E-Krishi will benefit at both the places, where 
irrigation is automated which have several positive 
effects. Once installed, the water distribution on 
fields and gardens is easier and does not have to be 
permanently controlled by an operator. Factors like 
rainfall can also be taken care. 
 
II. LITERATURE REVIEW 
 
In our country, agriculture is a significant source of 
food production to the increasing demand of the 
human population. Irrigation is an essential process in 
an agricultural area that affects crop production. 
Usually, farmers keep a continuous check on their 
agriculture fields for the soil moisture level and as per 
the requirements, water is supplied by motors for 
irrigation of the fields. The farmer has to wait for a 
specific time before turning off motor so that water is 
released to flow in adequate quantity in the fields. 
This irrigation method requires a lot of time and 
effort specifically when there are multiple fields 
distributed in different geographical areas, which 
need to be irrigated. Conventionally farmers have to 
be present in their fields physically for the irrigation 
process. But these days’ farmers need to arrange their 
agricultural activities along with other occupations. 
Automation in irrigation system makes a farmer’s 
work much relaxed. Sensor-based automation 
irrigation system gives a promising solution to 
farmers where their presence in the field is not 
mandatory. Such systems are also designed to release 
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water in a more precise amount and in a specific area 
hence conserving the water. 
Kaewmard and Saiyod [2] proposed a portable 
measurement technology which incorporates sensors 
such as soil moisture and air humidity. The irrigation 
system was developed using wireless sensor network. 
It is capable of collecting the environmental data and 
controlling the irrigation system via a smartphone. 
However, the collected data from the sensors were 
not sufficient for making the intelligent decision. 
Nagothu [3] proposed a smart watering system using 
soil sensor and weather report. The major issue was 
handling multiple layers or types of soil at a single 
location since sensors will give reading for a 
particular soil type where they are buried. 
Kumar et al. [4] proposed a smart system that uses 
low-cost soil moisture sensors to control water supply 
in water-deficient areas. The collected data from 
sensors is sent to a centralized server through XBee 
wireless communication modules which controls the 
water supply. 
Hussain et al. [5] proposed a wireless three-level 
controlled smart irrigation system to minimize the 
overall watering and crops production cost. The 
proposed system supplies the water when the soil 
humidity goes below the threshold value. 
Rajalakshmi and Mahalakshmi [6] proposed an 
automated irrigation system which monitors crop-
field using soil moisture, temperature, humidity, light 
sensors. The data from sensors are forwarded to web-
server through wireless links. The data is encoded in 
JSON format in web-server database. The irrigation is 
automated if the moisture and temperature of the field 
fall below certain level. The farmers can monitor 
their field ubiquitously as the notifications are sent to 
their registered mobile numbers periodically. 
 
Sharma and Borse [7] suggested the use of wireless 
sensors for real-time monitoring of various farming 
parameters such as environmental temperature, soil 
moisture content and humidity remotely. The authors 
have used the methods of image processing for 
automatic disease detection on plant leaves based on 
vision. The authors have given a portable, compact 
and a well-founded platform that can monitor the 
agricultural area automatically and examine the 

growth of the plant, identify plant disease and 
accordingly spray pesticide, water, and fertilizer to 
the plant. 
Kokkonis et al. [8] proposed a fuzzy-based 
framework for smart irrigation systems which 
employs sensors (air temperature, humidity and 
ground moisture), actuators and microcontrollers. All 
the sensor data collected from microcontroller are 
forwarded to cloud database for further processing. 
The fuzzy computational algorithm is used to decide 
opening of servo valve or not. Salvi et al. [9] 
proposed a smart multi-level irrigation system using 
IoT for reduced water consumption. A local node 
(customized to selected crop) for each level is 
provided having its own local decision making 
system. These local nodes communicate with 
centralized cloud server which stores and process the 
data. 
 
III. PROPOSED SYSTEM ARCHITECTURE 
 
Most of the existing works focus only on switching 
on the pump either manually or automatically. There 
is no full-fledged system which considers factors like 
water level and rainfall prediction. Using moisture 
sensor data only sometimes leads to overwatering of 
farms if rainfall occurs simultaneously. To counter 
that, the proposed system uses two ranges for time 
when there is no rain which lower than the range 
when it is raining. 
E-Krishi aims at maximizing the agriculture yield by 
using sensing technology to stop the wastage of water 
in the irrigation fields. This can be done by plotting 
some moisture sensors on the field with the help of 
microcontrollers like ESP8266, Arduino Uno and 
ESP8266 micro-controllers send the moisture level 
data onto the cloud. This data is being used by the 
user (field owner) to know the current water need in 
the fields using an Android interface as shown in 
Figure 1. An Application programming interface is 
used to predict the possibility of rainfall. This mobile 
application is used by the user (field owner) to turn 
the water pump for irrigation on and off. Irrigation is 
stopped automatically by the system when moisture 
level reaches a particular value and is started if the 
level is much lower for the crops to survive. 

 

 
Figure 1: E-Krishi system overview 
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The objectives of proposed E-Krishi system are 
multifold. Firstly, it uses sensing technology to make 
farms more intelligent and more connected through 
“precision agriculture” also known as “smart 
farming”. Secondly, it provides water only as much 
and when required by keeping a check on the weather 
forecast of that area and water moisture level of the 
irrigation field. Thirdly, it helps farmers in doing 
daily works like irrigation remotely by giving the 
signal to the microcontroller to activate water pump 
with the help of an android application. Fourthly, it 
uses a cloud platform to store and send moisture 
sensor data values, signals between the user, sensors, 
and actuators to control water flow. Lastly, it ensures 
that minimum moisture level is maintained in 
irrigation field. 

E-Krishi aims to present an automated solution to all 
the problems faced by the farmers. The application 
has provided farmers with various features like 
rainfall prediction using zip code, selecting a 
particular field using android application, checking 
the moisture level of a particular selected field, 
viewing the reading which is uploaded by the Wi-Fi 
module on the cloud and setting irrigation on either 
the manual or automatic mode. The manual mode 
gives options to switch on or off the water pump 
whereas the automatic mode will take care of the 
water pump by itself. The farm owner will log in by 
using registered username and password which will 
be initially provided by us. The detailed flowchart is 
shown in Figure 2. 

 
Figure 2: Detailed flowchart of E-Krishi 
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The components used to develop the proposed system 
are: 

A. Moisture Sensor 
B. Arduino Uno board to read value from 

moisture sensor 
C. Esp8266 Wi-Fi module to connect the 

application with Firebase cloud services 
D. Firebase database 
E. A Relay to control water pump 
F. Water pump 
G. Android Studio for android application 

 
The diagram shown in Figure 3 describes the 
components used to make above functionalities and 
Artifacts represent concrete elements in the physical 
world that are the result of a development process. 
 

 
Figure 3: Deployment Diagram 

 
The user will login into the system with registered id 
and password which will be authenticated from the 
database. Once the user is logged in, there will be an 
option to select from fields, after this selection he can 
check rainfall prediction, check moisture level, 
control irrigation. In parallel to the user, Sensors will 
keep on updating current moisture value into the 
database from where the user will check its value. In 
addition to this as soon as the user gives a command 
to start/stop irrigation a start/stop irrigation signal is 
generated and sent to the corresponding water pump 
present in the farm. The various hardware/software 
components used in E-Krishi are discussed below: 
 
A. Moisture Sensor 
This soil moisture sensor can be used to detect 
moisture. When the soil is dry, the sensor's output 
analog value will decrease, while moist soil will 
result in an increased analog value output. A key 
application for this sensor is for an automatic 
watering device. The sensor can sense whether your 
plant is thirsty or not, prevent over-watering or under-
watering. In this proposed system, Moisture sensor 
will sense the moisture level in the field and will send 
the updated information onto the Firebase cloud with 
the help of ESP8266 Wi-Fi module. Moisture sensor 
is connected to the Arduino Uno board. It reads the 
water pump and sends it to the Arduino Uno board. 

B. Arduino Uno Board 
The Arduino Uno is a microcontroller board based on 
the ATmega328 (datasheet). It has 14 digital 
input/output pins (of which 6 can be used as PWM 
outputs), 6 analog inputs, a 16 MHz ceramic 
resonator, a USB connection, a power jack, an ICSP 
header, and a reset button. The system is only using 
the analog input A0 and Tx here [10]. Arduino board 
is connected to Moisture sensor at A0 analog input 
and serially connected to ESP8266 Wi-Fi at Tx. 
Moisture level is read by it at analog input A0 and 
then transmits it to Wi-Fi module through Tx. 
 
C. ESP8266 Wi-Fi 
The ESP8266 Wi-Fi Module is a self-accommodate 
System on Chip with integrated Transfer Control 
Protocol/Internet Protocol stack that can provide any 
microcontroller way into your Wi-Fi network. The 
ESP8266 has the ability of either hosting an App or 
discharging all Wi-Fi networking functions from 
another application processor. ESP8266 Wi-Fi 
module is connected to the Arduino board for input 
and is connected to the network for uploading the 
value to the Firebase cloud. It receives the reading 
serially from Arduino board which may not be valid 
so the validity of the moisture value is checked at Wi-
Fi module. 
The network is password protected which is 
hardcoded inside the module along with Firebase 
database’s unique details which helps our module to 
stay connected to it. The valid data is hence uploaded 
to the firebase cloud under well network connection. 
On the other side, it is connected to the relay as well 
as network. Here the value is read by it from the 
firebase database to check whether the water pump 
should be on or not and then a signal is sent to the 
relay to on or off the water pump. 
 
D. Firebase Database 
Firebase Real-time database is a cloud-hosted 
database that supports multiple platforms Android, 
iOS, and Web. All the data is stored in JSON format 
and any changes in data reflect immediately by 
performing a sync across all the platforms and 
devices [11]. This allows us to build more flexible 
real-time apps easily with minimal effort. It also has 
API available for configuring the Wi-Fi module 
easily. The Firebase database consists of the variable 
stored such as Mode, Threshold1, Threshold2, 
MaxValue, and ZipCode. Mode decides the manual 
control of water pump or automatic. Threshold values 
are used to control moisture around the plant. Zip 
code is used to predict weather forecast of that area 
using open weather map API in an android 
application. 
 
E. Relay 
A relay is an electromagnetic switching device 
consisting of an armature which is moved by an 
electromagnet to operate one or more switch contacts. 
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Some advantages of relays are that they provide 
amplification and isolation and are straightforward. 
They can switch difficult voltages (e.g. RF or high-
powered AC) with complete isolation and no 
concerns about level translation. The input is taken 
from the Wi-Fi module and the power supply is 
activated. 
 
F. Water Pump 
Water submersible pump of 9W has been used and its 
advantages include compact size, easy to install, rust 
proof, easy to clean and maintain low electric 
consumption great quality assured. It is connected to 
the relay in between and to a 220V supply. When the 
relay is in activation mode, voltage is bypassed and 
the water pump is switched on. 
 
IV. EXPERIMENTATION AND RESULTS 
 
The goal of E-Krishi is to develop an Android App 
which provides the farmers the facility for automatic 
irrigation considering rainfall predictions, sensing 
moisture level of the field. With the help of the 
proposed system, a farmer can control water pump 
through an Android App. The user will get notified 
according to the minimum and maximum moisture 
level set. 
Sensors and relay with Wi-Fi modules are set up in 
the field. The size of farm field is taken as 100 m X 
100 m. Smartphone location is used to determine the 
zip code to predict the rainfall conditions through the 
Openweather map API. The moisture sensors are 
deployed 4 in one field as shown in Figure 4.  The 
irrigation method transfers water uniformly like in 
drip irrigation or sprinkler system. The water pump is 
connected to relay which is further connected to Wi-
Fi module. All of these Wi-Fi modules are connected 
to the Firebase database. 
 

 
Figure 4: Proposed field design 

 
Sensor module is able to sense and log moisture value 
onto the firebase database using default SSID and 
password. Android application is able to show 
moisture level of the field, set the system to manual 
and automatic mode. In addition to this, the 
application can also set two thresholds and maximum 
moisture value and pin code of the place where field 
is located. Android application can also turn on/off 

the pump in manual mode while it can read the status 
of the pump in automatic mode. Actuator module is 
able to control water pump based on user preferences 
saved via the android application. Google’s Firebase 
database is used to save moisture values, pump status, 
and user preferences. The experimental setup for E-
Krishi is shown in Figure 5. 
 

 
Figure 5: Experimental setup for E-Krishi 

 
Figure 6 provides the snapshots of the Android App 
which displays the user home of the android 
application and other activities like selecting the 
mode (manual or automatic). User can also view 
moisture level values and can set threshold values. 
 

 
Figure 6: Snapshots of Android Application 

 
CONCLUSION AND FUTURE SCOPE 
 
The aim of E-Krishi is to help farmers produce better 
crops with minimal water required which will not be 
available easily in coming future. The proposed 
system provides water delivering schedule to the 
crops to ensure all the crops have enough water for 
their healthy growth, to reduce the amount of water 
wasted in irrigation, and to minimize the economic 
cost for the users. Wi-Fi enabled farms collecting 
data to perform in a smarter way not possible till date. 
Along with that the rainfall prediction feature 
combined with the manual mode of irrigation can 
help farmers to remotely control irrigation process. 
The proposed system can be further enhanced by 
using fog computing with high processing end nodes 
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to make decision faster rather than making it move a 
round trip to cloud database for decision making 
computing faster. Also, we would like to incorporate 
image processing techniques for monitoring the 
growth of crops, disease prediction and yield 
prediction. Water pipe leakage can also be detected 
using pressure of water flowing into it. 
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