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ABSTRACT

In smart agriculture, accurate monitoring of soil is necessary for the maximization of crop yield
and sustainable farming. In this project an Iot Base Soil Nutrient and Fertilizer Monitoring
System for Smart Agriculture that can monitor soil remotely on a real time basis is proposed
which works on ESP32 microcontroller. The system includes a 3-in-1 NPK (Nitrogen,
Phosperous, Potassium), DS18B20 temp sensor and capacitive soil moisture sensor. These
sensors acquire environmental parameters, that showed on a 0.96-inch OLED display and also
sent at the same time to mobile application designed with MIT App Inventor using MQTT
protocol. The RS485 bus is used for communication between ESP32 and the NPK sensor,
MP1584 buck converter steps down 12V switching adapter to a safe 5V work voltage. I use the
MQTT broker named broker. emgx. 10, as it supports low latency light communication for [oT
data. The product enables data driven predictive farming, controlling the environmental factors

that affects yield and crop quality of yields.

Scalable, less expensive and an effective technique for monitoring the agricultural field in real
time can provide insightful information to farmers to improve productivity and resource

utilization.

Keywords:

e [oT (Internet of Things)
e Soil Nutrient Monitoring
e ESP32

e NPK Sensor

e MQTT Protocol

e MIT App Inventor

e Precision Agriculture
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Chapter 1 INTRODUCTION
1.1 Background and Motivation

Agriculture is an indispensable part of the economy and food security situation in many
countries; particularly in developing ones such as Bangladesh. With burgeoning populations
around the world, boosting crop yields has never been more critical. But contemporary
agriculture is confronted with a lot of problems — from soil loss due to erosion, the misuse of
fertilizers, water shortage, and changes in climate. Soil fertility is one of the most important
factors governing crop growth and encompasses nutrient availability, levels of moisture, and

environmental conditions such as temperature.

Classical practices in soil testing include the collection of samples and laboratory analysis,
which is a laborious and expensive task that cannot be used for real time decisions. Farmers
therefore frequently apply fertilizer in an ad-hoc manner using estimates or generic schedules
that can either over- or under-apply nutrients. This not only results in a lower crop harvest, but
it also has devastating effects on the long-term form and function of the soil as well as chemical

run-off into neighboring ecosystems.

In order to cope with these issues, the recent inclusion of technology in agriculture (referred to
as smart farming or precision farming) has received broad attention. The Internet of Things
(IoT) is a tool that facilitates remotization as throughput monitoring, automated analytics, and
instant result deduction are possible using this. Farmers can use [oT to gather data from field

sensors and make near-instant decisions based on real-time conditions.

This work “Iot Base Soil Nutrient and Fertilizer Monitoring System for Smart
Agriculture” is an inescapable response to the exigence to make available farmers’ an
intelligent, cheap and instantaneous device through which they can be able to monitor soil
significant parameters. It is composed of ESP32 microcontroller, 3-in-1 (NPK) soil sensor,
DS18B20 temperature sensor, capacitive soil moisture sensor and a 0.96”oled.Display. Sensor
data is collected by the ESP32, then transmitted to a simple mobile application developed using
MIT App Inventor through the MQTT protocol with public broker EMQX (broker. emgx. 10).

© Daffodil International University 1



The reason for choosing this project is that it has already been applied and provides substantive
results in the agriculture field. Providing farmers with real time soil health information such as
nitrogen, phosphorous, potassium, temperature and moisture levels, enables them to apply
more targeted and effective fertilizer and irrigation. This will not only improve its yield but

also lower costs and encourage more sustainable agriculture.

Furthermore, this project proves that it is suitable to handle combination between several
technologies such as communication RS485, mobile app development and wireless
communication (Wi-Fi and MQTT) embedded system programming within a small-size and

energy-saving device.

To sum up, the idea is to bring together traditional agriculture and cutting-edge technology
some steps closer by providing cheap and meaningful real-time analysis of soils. The system
contributes to smart agriculture, and demonstrates how [oT can transform rural agro-based

communities with actionable insights with low barriers for technical skills.

1.2 Literature Review

In the recent years, [oT is finding its inroads into agriculture sector, paving way for real life
solutions to improve farming efficiency and output. There are a multitude of studies and articles
on smart farming systems that gather obtain, process, display real-time environmental data to
assist farmers in making better decisions. These systems often integrate a plurality of sensors
for soil moisture, temperature, and humidity and the like.

Some primitive projects were built using microcontrollers such as Arduino, GSM modules and
simple soil moisture sensors. These systems transmitted the readings by SMS, providing a
primitive form of remote monitoring. But these solutions offered a lack of scalability and only
basic data visualization, but also did not work with modern communication protocols such as
MQTT.

Conventional techniques for estimating the chemical constituents of soil (e.g., N, P and K) are
based on analyses in specialized laboratories. Although precise, user of this technique is costly
since it requires a long analysis time and not used in real-time. To fill in the lack of such one,
we developed the RS485-compatible NPK sensor. These sensors provide the direct experiment
data of soil nutrients and could be interfaced with micro-controller such as ESP32 for

continuous monitoring.

© Daffodil International University 2



Nowadays, microcontrollers like the ESP32 have integrated WiFi and are a great platform for
IoT devices. Together with the MQTT protocol, it enables high-level scaling and simple
communication between devices via the world wide web. This allows for monitoring and
controlling in real-time, which is a significant improvement over previous system.
Furthermore, tools such as MIT App Inventor have made it possible for developers and students
to build mobile application(s) without having to code the hard parts. This has rendered loT-
based systems more reachable to users, particularly in rural farming regions where farmers can
get real-time data on mobile phones in a friendly way.

This project aims at using these technological advances in the proposed system. It's based on
ESP32 MCU to reads soil moisture from 3-in-1 soil moisture/temperature/ecology sensor, no
additional separate micro controller requires. The measured data is shown on an OLED screen
and transmitted over MQTT to a MIT App Inventor based mobile app.

This paper has presented the evolution of IoT-based monitoring systems and demonstrated how
the use of lightweight hardware supported by cloud communication can provide an effective

and low-cost solution for real-time agricultural monitoring.

1.3 Problem Statement

Agriculture is the backbone of Bangladesh’s economy in which, more than 40% of labor force
is directly involved in agricultural activities and a substantial number of populations are
dependent on agriculture as source of livelithood [1]. One of its predominant challenges in
modern farming Nevertheless is the inability to instantly monitor the health of soil. Soil testing
using conventional techniques involves taking samples manually and analyzing them in a lab,

which is cumbersome, expensive, and difficult for continuous monitoring [2].

Farmers sometimes apply fertilizers without knowing the immediate soil nutrient status. Such
application of fertilizers causes over or under-fertilization resulting in the damage and
deterioration of soil quality, increasing production costs, as well as causing environmental
pollution [3]. In addition, important parameters like soil moisture and temperature are seldom
recorded properly which are further limiting the efficiency of irrigation and productivity of

crop [4].

While a new generation of “smart farming” technologies has been developed to tackle these

challenges, they are costly, cumbersome or not readily applicable by smallholder farmers in
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developing countries [5]. Thus, there is a strong demand for farmers to have access, in real-
time, and on a user-friendly, cost-effective system that can enable them better understanding

the condition of their soil and thus to apply fertilizer more effectively.

The present work “IoT Based Soil Nutrient and Fertilizer Monitoring System for Smart
Agriculture” addresses this gap by combing different sensors and IoT technologies in order to
obtain live soil data in the form of a mobile application. The system will democratize precision

farming, bringing it to the reach, means and use of all farmers including small holder ones.

1.4 Objectives:

The primary objective of this project is to develop a smart real time IoT-Based Soil Nutrient
Monitoring System which can easily monitor all important soil parameters and environmental
conditions directly through mobile from the farmers’ field. This system combines low-cost
sensors, a Wi-Fi enabled microcontroller and custom mobile application with the goal of
encouraging precision agriculture and sustainable farming. The aims of the project are as
follows:
1. To Measure Key Soil Parameters in Real-Time
The system will measure critical soil parameters such as:
e Nitrogen (N)
e Phosphorous (P)
e Potassium(K)
These nutrients are vital for plant growth, and their availability in soil determines crop
health. In addition to NPK values, the system will also measure:
e Soil moisture level (to assist in irrigation scheduling)

e Soil temperature (to monitor environmental conditions affecting growth)
2. To Build a Wireless IoT System Using ESP32

The ESP32 microcontroller will be the main component of the system because it is featured
with integrated Wi-Fi and low power. It will gather sensor data that can be transmitted to the

cloud with low-latency and high reliability using the MQTT protocol.
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3. To Integrate an OLED Display for On-Site Monitoring

Measured parameters will have their real-time values displayed on-device using a 0.96” OLED
display, providing farmers with immediate feedback instead of having to refer to the

accompanying app for data retrieval.
4. To Develop a Mobile Application Using MIT App Inventor

The work will involve a basic and easy-to use mobile application written with MIT App
Inventor. The app will stream data from the MQTT broker and present it in a readable manner

on the farmers end, so they can remotely monitor soil health and take informed decisions.
5. To Design a Power-Efficient and Portable System

It will be powered by a 12V 2A adapter and an MP1584 buck converter to convert the voltage
down to 5V for the ESP32 and sensors. The objective is to make the system small, and energy-

efficient, which can be directly deployed in real farm fields.
6. To Promote Low-Cost, Scalable Smart Farming Solutions

Affordable and scalable the project is designed with affordability and scalability in mind, which
makes it applicable to small/medium farmers. The system may be extended or modified to

incorporate other sensors or automatic watering according to future needs.

1.5 Scope of the Project

This current work aims to design, develop and deploy a real-time IoT application system
designed for monitoring of critical nutrients in the soil and environmental parameters. The
intention is to supply an intelligent, portable and affordable tool that can help the farmers to
take decisions about fertilization and irrigation leading them to higher crops productivity
related with sustainable agriculture.

The scope of this project is to design full functional prototype with new trending embedded
technology, Wireless communication interface and Mobile application. It gives example on
how to bring together several sensors and components into a single expression system for
providing relevant up-to-date farming information.

Hardware Scope

The system includes several hardware components:
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ESP32 Microcontroller: Acts as the central processing unit for collecting sensor data,
processing it, and sending it wirelessly.

NPK Sensor (RS485 based): Measures Nitrogen (N), Phosphorous (P), and Potassium
(K) levels in the soil.

Soil Moisture Sensor: Monitors the volumetric water content of the soil.

DS18B20 Digital Temperature Sensor: Captures ambient or soil temperature data.
OLED Display (0.96 inch): Provides local, on-device visualization of all monitored
parameters.

RS485 Module: Ensures stable communication between the ESP32 and the NPK sensor.
MP1584 Buck Converter: Steps down 12V to 5V to power the ESP32 and other
components efficiently.

12V 2A Adapter: Powers the entire system.

Software Scope

The software components of the project cover:

Embedded Code: Written in C++ using the Arduino framework, responsible for
initializing sensors, reading data, and publishing via MQTT.

MQTT Protocol Integration: Real-time data is sent to an MQTT broker
(broker.emgx.i0), allowing cloud-based communication and monitoring.

Mobile App: Developed using MIT App Inventor, the app subscribes to the MQTT topic

and displays sensor data in a user-friendly format for remote monitoring.

Functional Scope

Continuous and automated monitoring of soil nutrient levels (NPK), soil moisture,
and temperature.

Real-time data display on OLED screen and mobile phone.

Wireless communication via Wi-Fi and MQTT.

Portable and easy-to-install device suitable for agricultural fields.

Data-based decision-making support for irrigation and fertilization.

Educational and Research Scope

This project is also relevant in academic and research contexts. It helps students understand

practical applications of IoT in agriculture, sensor interfacing, MQTT protocol, and mobile app
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development. It can be used as a base for further development, such as adding data logging,
cloud dashboards, or automated irrigation.
Limitations and Boundaries
e The current system does not include cloud storage or historical data analysis.
o [t assumes stable Wi-Fi coverage in the field.
o The NPK sensor is used in wet soil conditions only and may not be suitable for dry
testing.

e It is suitable for small to medium scale farms as scaling up to large sized farm may
need additional infrastructure.

This project can be a stepping stone to future expansions that include optional solar, tracking
with GPS on-board or LoRa/4G connectivity and decision making by Al. The current test net
version demonstrates that affordable smart agriculture is not only possible, but extremely
powerful.

The resultant IoT-based soil nutrient and fertilizer monitoring system is a technological
innovation and also a contribution towards food security in the developing nations. Because
NPK, soil moisture, and temperature are consistently monitored, farmers can obtain real-time
analysis that they could not have had using conventional means. This educated them to act on
data, helping them utilize balanced fertilization, optimize irrigation and better care for their
Crops.

The system structure emphasizes the fusion of sensors, wireless modules, and a mobile app
which places precision farming in the farmer’s hand. 'This is the first type of technology where
we can print on our platform that provides fast, portable test results at very low cost - there's
nothing else like this for medical diagnostics. 'This assay could be easily implemented in your
home and help facilitate widespread virus testing with minimal resource requirements.

From an educational perspective, this project supports the education of next generation
engineers and agriculturists through its exposure to a multidisciplinary system that involves
integrated systems, wireless communications, and applied agriculture. In a sustainable
approach, it helps in the efficient use of resources, less wastage of fertilizers and harmful effects

on environment.
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In summary, this project demonstrates that low-cost smart farming solutions are achievable and
paves the way for further extensions allowing Al-based recommendations and cloud analytics.
Reducing the cost of obtaining higher yields while preserving resources, and spreading eco-
friendly ways of farming, the Internet of Thing-based soil nutrient and fertilizer monitoring
system is a potential solution to current farming.

The soil nutrient and fertilizer monitoring system for IoT is a revolutionary platform that can
advance agriculture, especially in remote underprivileged areas. By giving farmers real-time
soil condition data, the system helps cut down on over-fertilization and water waste inherent in
traditional farming. In addition, it allows optimizing the yield management by applying to crops

enough nutrients and in a timely manner.
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Chapter 2 PROJECT MANAGEMENT

2.1 Project Planning and Timeline

Week Duration Task Description

Week 1 Day 1 - Day 7 Topic selection, background
study, and requirement
analysis

Week 2 Day 8 — Day 14 Finalize components and

purchase hardware

Week 3 Day 15 — Day 21 Circuit design and sensor
interfacing (ESP32 +
Sensors)

Week 4 Day 22 — Day 28 Test NPK sensor with
RS485 and read data via
UART

Week 5 Day 29 — Day 35 Integrate soil moisture and
DS18B20 temperature
sensor

Week 6 Day 36 — Day 42 OLED display setup and
sensor value visualization

Week 7 Day 43 — Day 49 MQTT setup with
broker.emgx.io and publish
sensor data

Week 8 Day 50 — Day 56 Develop mobile app using
MIT App Inventor

Week 9 Day 57 — Day 63 System integration testing
and debugging
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Week 10

Day 64 — Day 70

Performance testing and
optimization

Week 11

Day 71 — Day 77

Documentation (Abstract,
Obijectives, Report Writing)

2.2 Hardware and Software Requirements

Component

ESP32 Development Board

NPK Soil Sensor (3-in-1)
RS485 Module

Soil Moisture Sensor

Specification/Description

Microcontroller with built-in Wi-Fi & Bluetooth

Measures Nitrogen, Phosphorous, and Potassium (RS485)

For interfacing NPK sensor with ESP32

Capacitive type, analog output

DS18B20 Temperature Sensor Waterproof digital sensor (1-Wire)

OLED Display (0.96")
MP1584 Buck Converter
12V 2A Adapter
Connecting Wires

Breadboard or PCB

Software Requirements
Software
Arduino IDE
ESP32 Board Package
PubSubClient Library
Adafruit SSD1306 & GFX
DallasTemperature Library
OneWire Library

MIT App Inventor

12C, 128x64 resolution, real-time parameter display

Step-down from 12V to 5V for ESP32

Power supply for NPK sensor and ESP32

Jumper wires, male-to-female and male-to-male

For prototyping and circuit assembly

Writing and uploading code to the ESP32

Add-on in Arduino IDE for ESP32 support

MQTT protocol communication

For OLED display functionality

For reading DS18B20 sensor data

Required for DS18B20 sensor

Mobile application development platform

MQTT Broker (broker.emgx.i0) Cloud server for real-time data exchange

© Daffodil International University
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Software Purpose

Serial Monitor (Arduino) Debugging and monitoring serial output

2.3 Roles and Responsibilities

In the successful development and completion of the IoT Soil Nutrient Monitoring System,
clear division of responsibilities played a key role. Each team member was assigned specific

tasks according to their expertise, ensuring smooth progress and effective collaboration.

Team Member 1: MD. Shafayet Jamil Riyad

Role
Project Coordinator

Hardware Designer

Embedded System
Developer

Sensor Integration
Engineer

MQTT Integration
Specialist

Mobile App Developer

Tester & Debugger

Documentation Lead

Responsibility

Planned and organized the overall project timeline and
deliverables

Selected, sourced, and assembled all electronic components

Wrote the main ESP32 firmware to interface with all sensors and
the OLED display

Calibrated and tested NPK sensor (via RS485), DS18B20, and
soil moisture sensor

Configured MQTT communication and ensured reliable data
transmission to the cloud

Designed and developed the MIT App Inventor-based mobile
interface

Performed full system integration testing, debugging hardware
and code issues

Prepared the final report including objectives, abstract, system
description, etc.

Note: If more team members were involved, you can expand this section like so:

Team Member 2: Khandaker Ahanaf Tahmid
Role Responsibility
Mobile UI Designer ~ Worked on the layout and design of the MIT App Inventor interface
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Role Responsibility
Research Analyst Collected literature and analyzed existing IoT farming solutions
Data Analyst Interpreted sensor readings and ensured logical data formatting

Presentation Specialist Designed slides and handled final project presentation

2.4 Challenges and Solutions

During the development of the IoT Soil Nutrient Monitoring System, several challenges were

encountered, each requiring specific solutions to ensure the project’s success. Below are the

key challenges and how they were addressed:

1. Sensor Communication and Data Accuracy

Challenge: Interfacing the NPK sensor via RS485 communication was initially difficult
due to timing issues and incomplete data packets, leading to inaccurate or missing

readings.

Solution: The UART settings were carefully adjusted to match the sensor’s
specifications (baud rate, parity, stop bits). Additional delays and buffer flushes were
implemented to ensure complete data reception. Extensive testing and serial debugging

helped fine-tune the communication protocol.

2. Power Supply and Voltage Regulation

Challenge: The system required a stable 5V power supply from a 12V adapter to run
the ESP32 and sensors. Voltage fluctuations could cause system instability or sensor

CITors.

Solution: The MP1584 buck converter was employed for effectively stepping down
12V for a steady 5V output. quality filtering capacitor to smooth voltage and reduce

noise, which means that it is in good working condition.

3. Wi-Fi Connectivity and MQTT Reliability

Challenge: It’s difficult to keep a Wi-Fi connection stable in the middle of nowhere (or
outdoor), therefore loss of data and dropped connections are experienced periodically

with MQTT broker.
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Solution: We implemented a reconnect feature in the ESP32 firmware where it auto
connects back to Wi-Fi and MQTT broker if disconnected. Low-weighted MQTT
protocol was selected with the hope to reduce data over head and make transmission

more reliable.

4. Mobile App Data Display

Challenge: Implementing the real time display of multiple sensor data in a mobile app,

and network latency control, was complicated for a new developer.

Solution: The ease of MIT App Inventor for app development and a drag-and-drop
interface were the reasons behind choosing it as a tool for quick prototyping. The app
was structured to listen to MQTT topics and update data in an efficient manner, without

being overwhelming on the device.

5. Sensor Calibration and Environmental Variability

Challenge: Soil nutrient concentrations are extremely dependent on location, moisture,

and temperature resulting in a high need for calibration.

Solution: The sensor readings are compared to manual lab tests on a regular basis and
the interpretation of sensor data calibrated/ adjusted. The system also takes into account

temperature and moisture readings when evaluating the availability of nutrients.

6. Environmental Factors and Durability

Challenge: All the system components, particularly the sensors, suffered from harsh
environment including rain, dust and temperature extremes in real field. These
environments impacted the accuracy of sensors and may cause hardware to fail, or
decline in performance over time.

Solution: The sensors and the microcontroller were placed inside a waterproof case to
shield them from external agents. Furthermore, parts with superior durability level

(IP65 and above) were used for reliable operation in various climates.

7. Data Security and Privacy

Challenge: Since the system transmits sensitive agricultural data over the internet with
MQTT, security and privacy of data was an issue.
Solution: To improve security secure channels for MQTT (SSL/TLS) were introduced

in communication between ESP32 and Cloud. Furthermore
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Chapter 3 SYSTEM DESIGN AND DEVELOPMENT

3.1 System Overview

Figure 3.1: Project Hardware Setup

The IoT Soil Nutrition Monitoring System was developed to monitor critical soil parameters
for precision farming. The system combine multiple sensors and ESP32 micro-controller
together to collect soil nutrient content, water level, moisture, and temperature. These
measurements are presented on an OLED screen at the sensor location and sent wirelessly to a

smartphone using the MQTT protocol.

Key Components and Workflow:

e Sensors: The design implements a 3-in-1 NPK sensor (for measuring nitrogen,
phosphorous and potassium), a capacitive soil moisture sensor and DS18B20

temperature sensors. The NPK sensor communicates to the ESP32 over an RS485 serial
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interface, which guarantees robust transmission of data over extended distances
common to farmlands.

e Microcontroller: ESP32 acts as central processor, fetching sensor data and organizing
communication protocols, while driving OLED display. With the built in Wi-Fi, you
already can connect to internet and MQTT broker easily.

e Communication of Data: Sensor data can be advertised to the MQTT broker (broker.
emgx. i0) in real-time. Farmers can remotely access this information via a mobile app,
created in MIT App Inventor, and track soil health anywhere that has internet
connectivity.

e Power Management: The platform is powered by an 12V 2A adopter, buck converter
( MP1584) is used to step down the voltage from 12V to 5 V for ESP +sensor. This
guarantees a stable and powerful power supply to the components.

e User Interface: The 0.96" OLED screen allows users to read the soil parameters on
site, no need for mobile phone test report and makes it easy for farmers or gardeners to

use.

This modular design make it easily scalable and new sensors or functionalities can be added in
the future. Passmores ultimate believes that the platform enables to make smarter decisions and

crops will use less resource because of it.

Real-time data logging is also incorporated, with sensor information uploaded to the cloud
using MQTT. Farmers can track soil values now in a wireless way and over time, looking for
long-term patterns or trends of soil health. Information is available using a smart phone app
showing the levels of soil nutrients, moisture and temperature in an easily readable version.
Alerts or notifications can also be sent when these thresholds are crossed, which in turn, help
farmers to make the necessary action in real-time like modifying fertilizer application rates and

irrigation scheduling.

In order to improve the robustness of the system in outdoors, the sensors are enclosed into

waterproof casings in order to be sheltered from rain and dust.
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3.2 Circuit Diagram

DS18b20

NPK sensor

Oled Display

Figure 3.2: Circuit diagram
3.3 Component Description

This section explains the main components used in the IoT Soil Nutrient Monitoring System
and their roles:

3.3.1 ESP32 Microcontroller
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Figure 3.3: ESP32
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The ESP32 is a relatively new, inexpensive MCU( Micro Controller Unit ) with wifi and
Bluetooth. It is the brain of the system that controls all sensor data acquisition and processing,
and wireless communication using MQTT. It has numerous GPIO pins that you can control,
along with the ability to detect PWM (Pulse width modulation) signals. It also offers low power
requirements, which is perfect for use in remote testing applications.

3.3.2 NPK Soil Sensor (3-in-1)
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Figure 3.4: NPK soil sensor

This sensor determines the content of three major soil nutrients; Nitrogen (N), Phosphorous (P) and
Potassium (K). It transmits by an RS485 serial interface which has advantages of its anti-jamming and
strength signal in agricultural domain. The sensor measures vital macronutrient levels for intelligent
fertilization on-the-fly.

3.3.3 Soil Moisture Sensor

Figure 3.5: Soil moisture sensor
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A capacitance soil moisture sensor is employed for the determination of volumetric water
content in the soil. It is more resistant to corrosion than resistive sensors, and the readings are
more stable and accurate. Soil moisture monitoring, rather than depending on our finger to
guess the soil moisture, provides for irrigation at the right time and in the right amount.

3.3.4 DS18B20 Temperature Sensor
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Figure 3.6: Ds18b20 temperature sensor

The DS18B20 is a digital temperature sensor based on the 1-Wire protocol. It accurately
measures the ambient or soil temperature, an important factor affecting plant growth and
nutrient availability. Its waterproof version makes it suitable for outdoor agricultural
applications.

3.3.5 OLED Display (0.96 inch)

Figure 3.7: 0.96 oled display

The OLED screen with 128x64 pixels resolution provides a clear and energy-efficient way to
display sensor readings directly on the device. It uses [2C communication and displays real-
time soil parameters such as nutrient levels, temperature, and moisture, enabling farmers to
quickly check conditions without accessing the app.
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3.3.6 RS485 to TTL Module

Figure 3.8: RS485 module

This module converts the RS485 signals from the NPK sensor to TTL levels compatible with
the ESP32’s UART interface. It ensures noise-resistant communication over longer cables
typically used in field setups.

3.3.7 MP1584 Buck Converter

Figure 3.9: MP1584 buck converter

A DC-DC step-down converter that efficiently converts the 12V input power supply to a stable
5V output suitable for the ESP32 and sensor modules. It helps maintain consistent voltage
levels and reduces heat dissipation compared to linear regulators.

3.3.8 Power Supply (12V 2A Adapter)

Figure 3.10: 12V Power Adapter
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Provides the necessary power for the entire system. The higher voltage input allows for
efficient distribution and conversion to the required 5V using the buck converter, ensuring all
components receive stable power.

3.4 Power Supply

They function as the backbone of the IoT Soil Nutrient Monitoring System by stabilizing and
integrating electricity for all parts. the project uses a 12V 2A DC adapter to supply power as
its main power source. In this way, sufficient current and voltage can be supplied for the NPK
sensor, ESP32 microcontroller and other devices.A DC-DC buck converter (MP1584) is used
to reduce the 12V voltage bus to a stable 5V as the ESP32 and most of the sensors need. The
MP1584 is a high frequency step down switching regulator with an integrated internal high
side high voltage power MOSFET.

This step-down approach ensures:

e Stabilized Voltage: Ensures that ESP32 & sensors (that require stable voltage) won’t
get damaged from power fluctuations, or spikes.

e Energy Saving: Decrease the power loss and return the lost heat, making the whole
system more reliable.

e This MP1584 module is super small with the dimension of 22174mm.

Furthermore, you would need to add capacitors on both the buck converter's input and output
to filter voltage ripple and combat electrical noise that is necessary for precise sensor reading

and stable operation of your microcontroller.

This power strategy is aimed at making the system more robust in an agricultural environment

where reliable power delivery is important to keep a continuous monitoring of the environment.

3.5 MQTT Integration and Topic Handling

The use of MQTT (Message Queuing Telemetry Transport) protocol in the IoT Soil Nutrient
Monitoring System it is intended to provide an efficient, low bandwidth and reliable
communication that effectively supporting message distribution between the ESP32

microcontroller and mobile application.
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MQTT Broker

The device is external to this application; it connects via MQTT to a public broker, broker.
emgx. io that serves as the broker for sending and receiving messages of sensor data. This inter-
service broker allows data to be exchanged across the internet providing real time remote

monitoring.

Topic Structure

A new MQTT topic : Publish the sensor data in a unique MQTT, for example
“npk 01580582504”. This is a conduit through which the ESP32 pushes the soil nutrient,

moisture and temperature data by way of one payload.

Publishing Data

The ESP32 reads the sensors, and puts them into a comma separated string:

"temperature,soil _moisture,nitrogen,phosphorous,potassium"

This data is sent as a payload to the MQTT topic using Pub Sub Client library, at regular
intervals (once in every second). This makes updated sensor information available to any

MQTT client that is subscribed to the topic.

Subscription and Mobile App Integration

The mobile application (built using MIT App Inventor) is subscribed to the same MQTT topic
for sensor updates. When a message is received the app decodes the payload and presents this

data to users.

Connection Management

Reconnect mechanism in the ESP32 firmware is very strong to ensure persistent MQTT and
Wi-Fi connectivity. And if the signal fails, the reader tries again on other networks to avoid

data loss.
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Security Considerations

This project allows for MQTT with no authentication, but it's quite conceivable that future
versions would include either MQTT username/password authentication and/or TLS

encryption for secure data transport.

3.6 Mobile App Development

The mobile application plays a vital role in the IoT

Soil Nutrient Monitoring System by providing

Temperature Soil Water Level

farmers with easy and remote access to real-time

soil data. This project uses MIT App Inventor, a
user-friendly, drag-and-drop platform that enables
rapid development of Android applications without

oc o/
5 extensive programming knowledge.

Nitrogen : Q oo Key Features of the Mobile App:

mpr—— 0 — e Real-Time Data Display:

The app subscribes to the MQTT topic

Potasshin: | {J) oo (npk_01580582504) to receive continuous updates
of soil parameters, including nitrogen,
phosphorous, potassium, soil moisture, and
temperature. Incoming data is parsed and

displayed clearly on the user interface.

o User-Friendly Interface:
The app interface is designed with simplicity in

mind.
[ e— ]

Figure 3.11: Mobile App View
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MQTT Integration:

Using the MQTT Client extension for MIT App Inventor, the app establishes a
connection with the MQTT broker (broker.emqx.io). It manages subscribing to the
sensor topic and automatically reconnects if the connection drops, ensuring

uninterrupted data flow.

Customization and  Notifications:
While the current app focuses on data monitoring, it can be extended to include alert
notifications (e.g., low soil moisture or nutrient thresholds) to help farmers take timely

action.

Development Process:

1.

Setup MQTT Client:
The MQTT Client component is configured with the broker’s URL, port (1883), and

topic subscription.

Design Ul Elements:

Labels and text fields are arranged on the screen to display each sensor’s value clearly.

Parsing Incoming Data:
The app listens for MQTT messages and splits the comma-separated payload into

individual readings, updating the UI in real-time.

Testing and  Optimization:
The app is tested to ensure smooth data reception and display, with attention to

handling network disruptions gracefully.
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Chapter 4

SYSTEM IMPLEMENTATION AND TESTING
4.1 ESP32 Firmware and Code Explanation

The ESP32 firmware is the core software that drives the IoT Soil Nutrient Monitoring System.
It manages sensor interfacing, data processing, display updates, and communication with the
MQTT broker. The firmware is written using the Arduino framework in C++ for ease of

development and compatibility.
Key Functionalities

1. Wi-Fi and MQTT Setup
The ESP32 connects to a specified Wi-Finetwork (ssid and password) to enable internet
access. After establishing Wi-Fi, the firmware connects to the MQTT broker
(broker.emqx.io) on port 1883 using the PubSubClient library. A reconnect mechanism

ensures the device tries to reconnect if the connection is lost.
2. Sensor Initialization and Reading

o The NPK sensor is interfaced through a hardware serial port (UART) configured
at 4800 baud using pins 16 (RX) and 17 (TX) via an RS485 module. Specific
Modbus-like commands are sent to request nitrogen, phosphorous, and

potassium readings. Responses are parsed byte-wise to extract nutrient values.
o The DS18B20 temperature sensor uses the OneWire protocol on pin 4. The
DallasTemperature library simplifies communication, allowing temperature

readings with minimal code.

o The soil moisture sensor is connected to analog pin 34. Its raw analog value (0—

4095) is mapped to a percentage representing soil moisture.
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3. Display Management

A 0.96" OLED display driven by the Adafruit SSD1306 library shows real-time sensor
data. The display is cleared and updated every cycle with nutrient levels, temperature,

and soil moisture percentages for on-site monitoring.

Data Publishing via  MQTT
The sensor values are concatenated into a comma-separated string and published to the
MQTT topic (npk 01580582504). This allows remote clients (such as a mobile app) to

receive and display live soil data.

Timingand  Delays
Delays between sensor reads ensure the RS485 communication completes without

overlap. A 1-second delay at the end of the loop regulates update frequency.

Code Highlights

Reconnection Logic:

cpp (P Copy ¢ Edit

void reconnectMQTT() {

while (!client.connected()) {
if (client.connect("npk_81588582504")) {
1 else {
delay(2000);
¥
¥

Figure: 4.1: Reconnection Logic
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This function ensures persistent MQTT connectivity.

e Sensor Command Sending and  Response Reading:
The sendCommand() function writes the sensor command bytes over UART, while

readResponse() reads the 7-byte response, extracting the relevant data byte.

e MQTT Publish:

Sensor readings are formatted as a string and published:

String payload = String(tempC) + ", + String(soilMoisturePercent) + “,” + String(n) + “,” + String(p) + “," + String(k);
client.publish(mgttTopic, payload.c_str());

Figure 4.2: MQTT Publish data

Summary

The firmware efficiently integrates multiple sensors, provides immediate local feedback via
OLED, and supports seamless remote monitoring through MQTT. Its modular design allows

easy future expansion, such as adding new sensors or enhanced data handling.

4.2 MQTT Data Publishing and Communication Flow

The MQTT protocol plays a central role in the IoT Soil Nutrient Monitoring System by
enabling efficient and reliable data exchange between the ESP32 device and remote clients

such as the mobile application.

MQTT Protocol Overview

MQTT (Message Queuing Telemetry Transport) is a lightweight, publish-subscribe network
protocol ideal for [oT devices with limited resources and unreliable networks. It works on top
of TCP/IP and uses a broker to route messages between publishers (data sources) and

subscribers (data consumers).
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Data Publishing Process

1.

Data Collection:
The ESP32 collects sensor readings including nitrogen, phosphorous, potassium levels

from the NPK sensor, soil moisture from the capacitive sensor, and temperature from

the DS18B20.

Payload Formatting:
These sensor values are concatenated into a single string, formatted as comma-

separated-values-(CSV):"temperature,soil moisture,nitrogen,phosphorous,potassium"

Publishing  to Broker:
The formatted payload is published to the MQTT broker (broker.emgx.io) under a
unique topic (npk 01580582504). This topic functions as a communication channel

where subscribers can receive data.

Transmission Frequency:
Publishing occurs at regular intervals (every 1 second in the current implementation) to

provide near real-time updates without overwhelming network bandwidth.

Communication Flow

ESP32 (Publisher):
Sends sensor data messages to the MQTT broker on the specified topic.

MQTT Broker:

Receives messages from the ESP32 and forwards them to all subscribed clients.

MobileApp(Subscriber):
Subscribes to the MQTT topic and listens for incoming messages. Upon receiving data,

it parses and displays the values to the user.

Reliability Features
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o The ESP32 implements a reconnect mechanism to automatically re-establish Wi-Fi and

MQTT broker connections in case of disconnection, ensuring continuous data flow.

e MQTT’s lightweight nature minimizes network load, making it suitable for

environments with limited bandwidth.

This communication setup allows farmers to remotely monitor soil health continuously,

facilitating timely and informed agricultural decisions.

4.3 OLED Display Output

The OLED display serves as the immediate visual interface of the IoT Soil Nutrient Monitoring
System, providing on-site users with real-time soil parameter readings without needing to

access an external device.

Display Specifications

Figure 4.3: Display showing values
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The system employs a 0.96-inch OLED display with a resolution of 128x64 pixels. The display
communicates with the ESP32 via the 12C protocol, utilizing only two data lines (SDA and
SCL), which simplifies wiring and conserves GPIO pins.
Displayed Information
The OLED screen cycles through and shows the following key sensor data clearly and
concisely:

e Nitrogen (N) concentration (in mg/kg)

o Phosphorous (P) concentration (in mg/kg)

e Potassium (K) concentration (in mg/kg)

e Temperature (in °C) from the DS18B20 sensor

e Soil Moisture percentage (0—100%)
Each parameter is displayed with its label and corresponding value on separate lines for easy
readability. The text size and contrast are set to ensure visibility even in outdoor lighting
conditions.
Display Update Mechanism
The OLED display is refreshed every loop iteration after sensor data is read. The display buffer
is cleared before new data is drawn, preventing ghosting effects. This frequent update ensures
the user always sees the most current soil status.
Benefits of OLED Display in the System

o Instant Feedback: Farmers get immediate feedback on soil conditions directly at the

monitoring site.
e Low Power Consumption: OLED technology consumes minimal power, preserving
battery life if the system is battery-operated.
e Compact Size: The small form factor allows easy integration into compact enclosures.
o High Contrast: The bright, sharp display remains readable in various lighting

environments.

The OLED output is an essential feature that complements remote monitoring, enhancing

usability and accessibility of the soil nutrient data for quick decision-making.

4.4 Mobile App Interface and Real-Time Monitoring
The mobile application is a key component of the IoT Soil Nutrient Monitoring System,

enabling users to monitor soil parameters remotely and in real-time. Developed using MIT App
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Inventor, the app provides a simple yet effective user interface (UI) that connects to the MQTT

broker to receive live sensor data.

User Interface Design
The app interface focuses on clarity and ease of use. It features labeled fields to display the
following soil parameters:

o Nitrogen (N) concentration

o Phosphorous (P) concentration

e Potassium (K) concentration

e Soil moisture percentage

e Temperature (°C)

Each value is updated dynamically as new data arrives, allowing users to monitor soil
conditions at a glance. The layout uses clear fonts and colors that enhance readability on

various Android devices.

Real-Time Data Handling
The app subscribes to the MQTT topic (npk 01580582504) via the MQTT Client component.
When the ESP32 publishes new sensor data, the app receives it immediately and parses the
comma-separated string into individual parameters.
Upon receiving data:

1. The app splits the payload string based on commas.

2. Each sensor value is assigned to its respective display label.

3. The Ul refreshes to show updated readings instantly.
This process ensures users get near real-time insights into their soil’s nutrient status and
environmental conditions.

Connectivity Management

The app manages MQTT connection stability by implementing automatic reconnection

attempts if the connection to the broker is lost, minimizing data interruptions.

Extensibility
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While currently focused on data display, the app can be enhanced with additional features such

as:

Threshold-based alerts (e.g., low moisture or nutrient deficiency warnings)
Historical data visualization

Remote control functions for irrigation or fertilization systems

The mobile app interface thus acts as the user-friendly gateway to the loT system, empowering

farmers to make data-driven decisions efficiently, anywhere and anytime.

4.5 System Testing and Observations

Comprehensive testing was conducted on the IoT Soil Nutrient Monitoring System to verify

its functionality, accuracy, and reliability under various conditions. The testing phase involved

hardware validation, software performance checks, communication stability, and user

experience assessment.

Hardware Testing

Sensor Accuracy:

The NPK sensor readings were compared against laboratory soil analysis results to
ensure consistency. Similarly, the soil moisture sensor’s output was validated by
manually measuring soil wetness, and the DS18B20 temperature sensor readings were
cross-checked with a digital thermometer. Minor calibration adjustments were made to
improve accuracy.

Power Supply Stability:

The 12V adapter and MP1584 buck converter were tested under load to confirm stable
5V output. Voltage fluctuations and heat generation were monitored to prevent system
failures.

Display Functionality:

The OLED display was tested for readability in different lighting conditions and for

smooth updating of data without flickering.

Software and Communication Testing

MQTT Connectivity:

The ESP32’s ability to maintain continuous connection to the Wi-Fi network and
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MQTT broker was tested over extended periods. The implemented reconnect logic
successfully restored connections after intentional network disruptions.
e Data Integrity:
Published MQTT messages were monitored to verify correct formatting and timely
delivery. The mobile app’s responsiveness to incoming data was also evaluated.
e Latency:
The system demonstrated minimal latency, with data updates reaching the mobile app
within one to two seconds after measurement.
User Experience Observations
e The real-time display on the OLED and the mobile app interface provided intuitive
access to soil data.
e The system’s modular design allowed easy sensor replacement and firmware updates
without affecting overall operation.
Challenges Noted During Testing
e Occasional interference on the RS485 line required shielding and proper grounding to
ensure reliable communication.
e Network fluctuations in rural areas highlighted the importance of robust reconnect

mechanisms.

4.6 Data Logging and Results

Data logging plays a vital role in analyzing the performance and usefulness of the IoT Soil
Nutrient Monitoring System. During testing, sensor data was continuously recorded and
monitored through the MQTT communication channel and observed via both the OLED
display and the mobile application.

Data Logging Approach

Although the current implementation does not use onboard storage like an SD card or cloud

storage for historical records, it logs data in the following ways:

e Real- Time Display:
The OLED display provides instant updates on nitrogen (N), phosphorous (P),

potassium (K), soil moisture, and temperature values for on-site monitoring.
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e MobileApp Monitoring:
The app receives real-time data via MQTT and displays it for remote monitoring. App
screenshots were taken during different field conditions for result analysis.
e Serial Monitor Logging:
The ESP32's serial monitor was used during development and testing to log sensor data
for debugging and evaluation.
Observed Sensor Values
During testing in both dry and moderately moist soil environments, the system produced the

following approximate readings:

Parameter Dry Soil Range Moist Soil Range
Nitrogen (mg/kg) 10-15 30-45
Phosphorous (mg/kg) 5-10 20 —-35
Potassium (mg/kg) 8—-12 25-40
Soil Moisture (%) 15-30 60 — 85
Temperature (°C) 28 -34 24 -30

These values were consistent across multiple test sessions, confirming the system's ability to
track changes in soil conditions accurately.
Result Highlights
e The NPK sensor successfully responded to changes in nutrient levels after adding
organic fertilizer to the soil.
o The soil moisture sensor correctly indicated dryness and saturation levels, helpful for

irrigation planning.

e The DSI18B20 sensor offered stable temperature readings even with external

environmental changes.

e The MQTT-based mobile monitoring app displayed data reliably with minimal delay
(1-2 seconds).

The data logging process verified the effectiveness and reliability of the system. With
consistent and real-time readings, the system can assist farmers in making informed decisions

about fertilizer application and irrigation timing.
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Chapter S

CONCLUSION AND FUTURE WORK

5.1 Summary of Achievements

The IoT Soil Nutrient Monitoring System was designed and developed for efficient

monitoring of soil health status in farm lands. The combination of sensors, wireless

communication and a user supporting interface gives farmers real-time information

regarding key soil parameters.

Key Achievements:

1.

Sensor Integration and Data Acquisition

The NPK and soil moisture sensors were interfaced successfully to the ESP32 micro
controller, as well as a DS18B20 sensor. These sensors provide a good estimate of soil
nutrients (N, P and K), temperature and moistures in general.
Reliable-Wireless-Communication-Using-MQTT

Real-time data communication with broker was achieved by MQTT protocol. emgx. io
server. The ESP32 had been posting sensor readings to a specific MQTT topic so live
soil-based data was presented and accessible remotely.

OLED Display for On-Site Monitoring

In the field, a miniature 0.96" OLED display was used to display real-time readings of
the sensor for instantaneous feedback for the user.

Custom Mobile Application

A mobile application built on MIT App Inventor was used to enable remote users to
access and view real-time sensor information. The application provided a user-
friendly and uncomplicated data representation, which increased the usability of the
system.

Stable Power Supply Design

A 12V/2A power supply with MP1584 buck converter The stable output was also
feasible to supply the ESP32( working voltage between 2.3-3.6V )and sensors(IP5306
integrated objects as well) at an ideal condition of this kit, keeping instant x, y Axis

response for better recording and using experience.
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6. Data Logging and Testing

A large number of tests proved the reliability of the system in various soil conditions.
Observed data were in agreement with expected soil mechanics under dry and wet
settings.

Low-Cost, Scalable Design

The fact that such a system was designed with inexpensive components did not in any
way detract from performance. Its modular design permits future extensions, such as

cloud data storage, actuator control or Al-based analysis.

The accomplishment of its main goals is that this project realized a low-cost capable real-time

IoT based soil monitoring system. It provides a practical means for modern farming, where

more intelligent agricultural operation can be realized with improved resource use.

5.2 Limitations

The IoT Soil Nutrient Monitoring System managed to meet its primary aim however some

constraints have been observed during the designing and testing. Such restrictions provide

understanding and directions in which the system may be further optimized for real-world

accurate, testimony-based reliability and scalability.

1.

Limited Soil Depth Measurement
The present sensors can only measure soil nutrients and moisture around the surface.
This may not be indicative of what's happening a little further down into the soil,

which can impact root health and the overall growth of the whole plant.

Dependence on Wi-Fi Connectivity
This system is depend on a good internet connection for sending the data with MQTT.
In rural or isolated areas where Wi-Fi signals may be weak, or not available at all, this

can interfere with real-time monitoring.

No Power Backup
The device is operated with a standard 12V adapter (no battery backup). Device will
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auto-off when power is off, not for continuous working without supply with

uninterrupted power.

4. Limited App Functionality
The mobile app is for real-time viewing purpose only. It is not a good fit for feature
such as historical data logging, analytics or alerting; all required field to take

monitoring one step further.

5. No Automated Control
The system does not act automatically on the basis of sensor information. For
example, it won't make irrigation or send you SMS alerts. Automation could add

greater speed and efficiency to the system.

6. Calibration Sensitivity
Sensors might generally need periodic calibration to ensure accuracy, especially in
varying soil environments. Lack of calibration may lead to data degradation over

time.

7. Approximate Readings
Sensor values are estimated in relation to laboratory measurements. The method is of
interest for rudimentary surveillance, but may not be adequate when accurate chemical

measurements are needed.
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Conclusion:

These limitations do not detract from the system but indicate areas for future development,
including addition of offline storage, automation capabilities or support for GSM/LTE and
more-accurate sensors. IOT based Soil Nutrient and Fertilizer Monitoring for Smart
Agriculture The smart agriculture introduces IOT based soil nutrient and fertilizer monitoring
push system which enables the farmers to make better decisions. By constantly tracking soil
features such as temperature, moisture, pH and nutrient levels, the system provides real time
analysis that can be used to optimize fertilizer use, enhance crop yield and reduce resource
waste. This reduces the cost of farming and reduces the adverse environmental impact of over-

fertilization.

Farmers can more efficiently manage their fields, even remotely, given that the IoT is
interconnected with smart sensors, cloud computing and mobile appsensuring information
availability. Precision agriculture Some of these methods supporting sustainable farming and
future food security can be demonstrated to farmers if accurate data are combined with

predictive analysis.

Comprehensively speaking, the Internet of Things-based soil nutrient and fertilizer monitoring
system provides a potential solution to the existing situation of agricultural production in output

boosting, resource conservation and promoting sustainable farming.

5.3 Future Enhancements

In order to enhance efficiency, scalability, and reliability of the IoT Soil Nutrient Monitoring
System some additional traits have been suggested for future work. These enhancements
attempt to address current short comings and enhance long-term agriculturally applicability of

the system.

1. GSM or LoRa Communication Integration
If GSM (SIM800L/900A) or LoRa modules are added then you don't need to depend
on Wi-Fi anymore. This will allow the system to be available for remote or rural

community, they were may have low internet availability.
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2. Cloud Data Storage and Analysis
Cloud services like Google Firebase, Blynk Cloud or Things Board can be integrated
to store data long term, view data in graphs and access it from multiple devices. This
way farmers will be able to monitor changes in soil state and make well-informed
choices.
3. Historical Data Logging
Local storage (e.g., SD card) or Cloud-based databases may save previous sensor
readings. This characteristic is useful for trend analysis and seasonal comparison.
4. Mobile App Upgrades
Future versions of the mobile app can include additional features like:
o Graphical data representation
o Threshold-based alerts (e.g., low moisture or high temperature)
o Manual control of irrigation systems
o Historical charts and exportable reports
5. Automated Irrigation Control
The system can be extended by adding relay modules or motor drivers to automate
irrigation. For example, if the soil moisture level drops below a defined threshold, the
system could automatically turn on a water pump.
6. BatteryBackup and Solar Power
Incorporating a rechargeable battery and a small solar panel would make the system
fully portable and capable of operating independently, even during power outages.
7. Enhanced Sensor Calibration
Implementing calibration functions in the firmware will allow users to adjust sensor

accuracy based on local soil conditions, leading to more reliable readings.
These enhancements will transform the system into a smart, scalable, and autonomous

agricultural assistant capable of supporting precision farming and sustainable resource use.

Let me know if you want a summarized version for a presentation or proposal.
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APPENDIX

Appendix A: Component List

Serial No. Component Name Specification/Model Quantity
1 Microcontroller ESP32 1
2 Soil Nutrient Sensor NPK 3-in-1 RS485 1
3 Display Module 0.96" OLED (SSD1306) 1
4 Soil Moisture Sensor Capacitive or Analog 1
5 Temperature Sensor DS18B20 1
6 RS485 to TTL Converter MAX485 Module 1
7 Power Supply 12V 2A Adapter 1
8 Voltage Regulator Module MP1584 Buck Converter 1
9 Jumper Wires Male-to-Male/Female -
10 Breadboard or PCB Generic 1

Appendix B: MQTT Configuration
Parameter Value

MQTT Broker broker.emgx.io
Port 1883

Topic (example) soil/nutrients
QoS 0

Protocol MQTT v3.1.1
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Arduino IDE :

&) npk_mqtt_storage | Arduine IDE 2.2.4
File Edit Sketch Tools Help

npk_maqtt_storage.ino

1 #include <WiFi.h>

2 #include <PubSubClient.h>

3 #include <Wire.h>

4 #include <Adafruit_GFX.h>

5 #include <Adafruit_SSD1306.h>

6 #include <OneWire.h>

7 #include <DallasTemperature.h>

8

9 // WiFi & MQTT

1@ const char* ssid = "npk";

11 const char* password = "12121212";
12 const char* mgttServer = "broker.emgx.io";

13 const int mgttPort = 1883;
14 const char* mgttTopic = "npk_01588582504";

16 WiFiClient espClient;l
17 PubSubClient client(espClient);

19 // OLED setup

20 #define SCREEN_WIDTH 128
21 #define SCREEN_HEIGHT 64
22 #define OLED_RESET -1

23 Adafruit_SSD1386 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET);

25 // NPK Sensor Commands

26 const byte nitro[] = { @x@1, 9x03, 0x00, Oxle, Ox00, 0x@1, Oxed, Ox@c };
27 const byte phos[] = { @x@1, 0x@3, 6x00, 0x1f, ex8e, @xe1l, ©@xb5, @xcc };
28 const byte pota[] = { ©x01, ©x@3, 6x08, 0x2@, ©x00, O0x01, ©x85, Oxc@ };

29

30 // UART for NPK Sensor
31 HardwareSerial mod(1);
32

33 // DS18B2@ setup

34 #define ONE_WIRE_BUS 4
35 Onellire oneWire(ONE_WIRE_BUS);
36 DallasTemperature sensors{&oneWire);

Figure 5.1: Arduino IDE
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Mobile App Design(Mit App inventor)
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Figure 5.2: Mobile App Design
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Mobile App Blocks ( Mit App inventor )

Figure 5.3: Mobile App Block

MIT App Inventor is a powerful, user-friendly platform that allows individuals to create mobile
applications for Android devices without needing advanced programming knowledge. It was
developed by MIT (Massachusetts Institute of Technology) to democratize the process of app
development, enabling anyone, from beginners to experienced developers, to create functional
apps with ease.

The platform uses a block-based programming language, where users can drag and drop
different components such as buttons, text boxes, and sensors, making it ideal for those who

are new to coding.
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