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I. INTRODUCTION

Almost half of the land area on the world is used for food production. Agriculture
now occupies about 40% of the planet's land and uses 85% of the fresh water supply.
Globalization and population increase are to blame for the annual rise in water conservation.
Reduced agriculture water use became a serious concern for all countries as a result.
Measuring soil moisture for agricultural applications is essential for better irrigation systems
since it enables farmers to better manage their farmland.

The Internet of Things (loT) is a technology that improves Internet connectivity
between digital and physical things and creates communication between them. The gathered
data are exchanged from person to person, machine to machine, or machine to machine as
well as saved and managed in the cloud. The development of 10T would lead to the discovery
of fresh approaches to maximise agricultural produce and lessen difficulties that impede crop
growth. With the 10T, it is possible to connect the monitoring of weather forecasts, soil
temperature and humidity, soil moisture level, remote water valves, and pest management.
Data collected from the sensors is then transmitted to the farmers via mobile phones. Both
small-scale and large-scale agricultural modelling consider soil moisture as a key factor. The
amount of root moisture in the soil is a major factor in the growth of vegetation and crops.
Knowing the extent of the soil's moisture helps farmers assess the state of their fields and
take appropriate action. The amount of soil water is determined by soil moisture. Over-
irrigating plants can deprive them of oxygen, causing them to putrefy, and result in soil
fungus illnesses [3]. According to research, excessive irrigation destroys roughly 80% of the
crop, which lowers crop output growth. On the other side, dry fields can occur from a lack of
water, which prevents plants from getting adequate nutrients to grow crops. IOT and use
cases are crucial in the sector of agriculture business to meet the rising need for determining
the status of soil moisture. By placing a moisture sensor in a sample pot, we tested one of the
use cases. The sensor data is fed into the Thinkspeak cloud platform interface to aid in the
timely decision-making of the intended individuals. To view the moisture level at any time or
anywhere in the world, data is instantly available on the app.

Il. LITERATURE SURVEY

Monitoring the field's volumetric soil moisture content is important for the
pavement's performance.

Understanding how soil moisture affects performance is essential. In this study
[1]1[2][3], a system employing an Arduino Uno board and a homemade soil moisture sensor
was proposed. The most notable aspect of this system is its ability to assess soil moisture
along depth, which can help predict when water will be supplied to the crop roots. This
increases the management of water resources and cost effectiveness.

The most crucial factor in a plant's growth is watering. Water should therefore be
supplied to plants at the appropriate times as needed. This paper's[4] proposal used sprinkler
systems, pipelines, and a nozzle to create an autonomous plant watering system. An
ATmega328 micro-controller is utilized to manage the entire system, and it is programmed to
sense the moisture level and water according to them.
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Using this method, water saving is thus attainable. According to these methods[5],
[6], a wireless sensor network is designed utilizing an Arduino, a grove moisture sensor, and
a water flow sensor. The system's status will be shown on a web page and communication
between them is done via the Zigbee protocol.

The strategy outlined in this paper[7] calls for developing a system to track soil
moisture content using 10T, mobile computing, and cloud computing. The CC3200 launch
pad is connected to a soil moisture sensor, and data is recorded using AT&T M2X cloud
technology. The user uses the blynk application on an Android phone to monitor the status
anywhere and make decisions quickly.

Design and Implementation

Using the MQTT protocol, the nodemcu board, which serves as a client in this system,
publishes the sensor data into the topic Thinkspeak/DEVICE ID/state in the Thinkspeak
Message Broker. The published data will be instantly stored in the Thinkspeak cloud and
made accessible in the cloud platform’s visualisation tool. The client must subscribe to the
commands started using cloud workflow on the subject "Thinkspeak/DEVICE
ID/commands" in order to receive the stored data from the Thinkspeak cloud MQTT broker.

A. NodeMCU

An open source loT platform called NodeMCU uses ESP8266-12E chips. It is
inexpensive, compatible with breadboards, incorporates a USB to serial chip, and can be
powered by a straightforward USB to micro USB adapter. This module comprises software
that runs on the ESP8266 wifi SoC from the Espressif system and is designed for the
development of ESP8266-based Internet of Things applications. Access to the GPIO
(General purpose Input/Output) subsystem is made possible through this development board.
There are a many number of ESP8266-based modules available, and each one has pros and
cons depending on the application it is intended for.

ESP-12E Chip 3.3V Voltage Regulator

......

USBto TTL Converter

24 GHz Antenna On-Board LED

DO Pin

Figure 1: Nodemcu (ESP8266)
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B. Soil Sensor

The volumetric water content of the soil as well as moisture loss from evaporation
and plant uptake are measured using soil moisture sensors. Water is the most crucial element
for the existence of all plants. The amount of water needed to irrigate plants is calculated
using this soil moisture sensor. This module is an LM393 comparator with an integrated
potentiometer for altering the soil wet/dry sensing sensitivity in accordance with plant needs.

Frequency domain sensor and neutron moisture gauze are the two different types of
soil moisture sensors. An oscillating circuit in a frequency domain sensor monitors the water
content of the soil. The fundamental idea is that it measures the soil's dielectric properties.
This controls how quickly electromagnetic waves travel through soil. The soil's dielectric
increases as its water content does, making it possible to calculate how much water the soil
contains. The other is neutron moisture gauze, which uses the water's neutron moderator
qualities. The fundamental idea is that as a radioactive source decays, fast neutrons are
released into the atmosphere, and as neutrons collide with protons, they rapidly slow down.
The volumetric amount of water that the soil contains can be calculated by monitoring the
density of slowed-down neutrons surrounding moisture sensor probes.

Figure 2: Soil Moisture Sensor

1. LM393 Driver: To compare the soil moisture level with the predetermined threshold
value, an LM393 comparator is employed. This gadget, which comprises of two
separate low voltage comparators, is made to work across a broad range of voltages
using just one power source. Despite using a single power supply voltage for
operation, the voltage range includes ground.

2. Micro Submersible Mini Water Pump DC 3-6V And Relay Module: This DC 3-6
V Mini Micro Submersible Water Pump is a compact, inexpensive submersible pump
motor that runs from a 2.5 — 6V power source. It can use up to 120 litres per hour and
only use 220 mA of current. An electrical switch controlled by an electromagnet is
known as a power relay module.
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Figure 3: Water pump and Relay module

3. Thingspeak IOT Cloud platform :

Procedure and Steps for Executing the Project :

The "Thingspeak 10T Cloud platform" is the foundation for the entire project.
Some of the main attributes of this 10T platform are listed below:

e Public/Private view,

Channel Settings,

API-keys,

MATLAB analysis, and

Add Visualizations are all available.

[JThingSpeak™ channels -  Apps~  Devices-  Support- CommercialUse  HowtoBuy ()

Soil Moisture Project

Channel 1D: 1676025 Soil moisture sensor

Private Vi ey Channel Settings  Sharing APl Keys xport
© Add Visualizations ” ©Adawidgets || 3 Export recent ata MATLAB Analysis [ —
Channel Stats

Created: 3 menths.age
ast t,

Field 1 Chart R Ficld 1 Lamp Indicator RN

Soll Molsture
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£ c
B i
i 3
¥ s
g
N

oo o
Figure 4: Thinkspeak Cloud

Locate the URL www.thingspeak.com in the browser's address bar and type

THINGSPEAK IOT CLOUD into the search field.
Create a MathWorks account to gain access to all of ThingSpeak's capabilities.
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I:I ThingSpeak“‘ Channels Apps Support-
To use ThingSpeak, you must sign in with your existing MathWorks accc

Mon-commercial users may use ThingSpeak for free. Free accounts offe
get full access to the MATLAB analysis features on ThingSpeak, login to

To send data faster to ThingSpeak or to send more data from more devi

g\ Mathworks-

Email

I xyz@gmail.com

Mo account? Create one!
By signing in, you agree to our privacy policy.

Next

Figure 5: Creating MathWorks account

Configuring the Thingspeak server

Step 1: Go to https://thingspeak.com/ and register an account by entering your information.
Step 2: Create a New Channel by selecting "Channel" and entering the information requested
in the image below.

|:| ThingSpeak“ Channels -  Apps~  Devices~  Support— Commercial Us
Private View Public View Channel Settings Sharing APl Keys Data Import / Export
Channel Settings Help

Channels store all the data that a ThingSpeak application colle
eight fields that can hold any type of data, plus three fields for
status data. Once you collect data in a channel, you can use Th

Percentage complete  50%

Channel ID 1676025

visualize it.
Soil Moisture Project .
Name ! Channel Settings
Description Soil moisture sensor * Percentage complete: Calculated based on data entered
channel. Enter the name, description, location, URL, vid
£ channel
Field 1 Soil Maisture » Channel Name: Enter a unigue name for the ThingSpeal
* Description: Enter a description of the ThingSpeak chan
Field 2 Air Humidity » Field#: Check the box to enable the field, and enter a fiel
channel can have up to 8 fields.
Field 3 Air Temperature # Metadata: Enter information about channel data, includ
* Tags: Enter keywords that identify the channel. Separate
Field 4 Field Label 4
= Link to External Site: If you have a website that contains
ThingSpeak channel, specify the URL.
Field 5 O
= Show Channel Location:
Field 6 O o Latitude: Specify the latitude position in decimal

Iatitida nf tha ritu Af | Andnn ic 51 RNT77

Step 3: Select "Write API Key" after clicking on APl Key. Copied the API Key. This is
crucial; the Code Part will require it.

Note: Our project's API-KEY is 23035SDOSRKMQ6LF.

The API - KEY varies depending on the console.
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Step 4: Select "Private View" and modify the display window as necessary. The Thingspeak
Setup Part has concluded. Let's get to the programming section now.

Step 5: Arduino IDE - The code editor into which all of the project's codes have to be
pasted in order for it to function.

HARDWARE SOFTWARE cLoup DOCUMENTATION + COMMUNITY + BLOG ABOUT

Downloads
DOWNLOAD OPTIONS
Arduino IDE 1.8.19 Windows Win7 and newer
Windows zIP file
The open-source Arduino Software (IDE) makes it easy to write code Windows app Wing10r10 | Get:d |

and upload it to the board. This software can be used with any
Arduino board.

Linux 32 bits
Linux 64 bits

Linux ARM 32 bits
Linux ARM 64 bits

Refer to the Getting Started page for Installation instructions.

SOURCE CODE Mac OS5 X 10.10 or newer
Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source

code archives are available here. The archives are PGP-signed so Checksums (sha512)
they can be verified using this gpg key.

Release Notes

https://www.arduino.cc/en/software
Program Source:

The 10T Smart Agriculture & Automatic Irrigation System with ESP8266 Source
Code is quite straightforward. Direct uploading of the code to the NOdeMCU Board is
possible.

Change the Thingspeak API Key, WiFi SSID, and password in the section of code
below. The calibration of the soil moisture sensor value, which includes AirValue and
WaterValue, is the most crucial component of this code. Read this post: Calibrating Soil
Moisture Sensor Value to find out how to calibrate and get the right reading. Do not omit this
step, please. This could lead to the erroneous soil moisture reading and occasionally could
cause the motor to turn on continuously.
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Figure 6: Complete Working Project

I11.TESTING AND RESULTS

This water pump must be completely submerged in the liquid. For irrigation purposes,
the exit pipe is kept in a field. The soil moisture sensor is also submerged in the soil. When
you turn on the gadget, real-time data is shown. The water pumps switch on and irrigate the
field until the appropriate moisture is reached when the soil moisture content decreases.
Check out the video below to see how it functions completely. Using Thingspeak Server, you
may access the data online from anywhere in the world. Visit the Thingspeak server's private
view to do that. You may check the temperature, humidity, and soil moisture as well as the
status of the relay.

E‘ ThingS peak" Channels ~  Apps~  Devices-  Support~ Commercial Use  How to Buy

Entries: 770

Field 1 Chart O # = Field 1 Lamp Indicator E o #F x

Soil Moisture Project

Soll Melsture

Soil Moisture Project

Fleld Label 4

Date
ThingSesak.cam

Figure 7: Result on Thingspeak Cloud
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IVV.CONCLUSION &FUTURE WORK

It can deliver water with extreme accuracy and prevent water wasting. User takes less

manpower because handling is done automatically. It can precisely determine the soil
moisture levels with the aid of the sensors. Using sensors, it can quickly detect and regulate
the temperature, humidity, and sun radiation.

This clever irrigation system gives plants more time to get watered and creates the

best conditions for growth. It saves time and allows for the addition of a timer delay for
automatic watering based on the environmental conditions. This intelligent watering system
is adaptable to changing environmental conditions.
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