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Abstract: Smart Agri-Track is a new loT-based smart agriculture system that helps solve major issues in
traditional farming, like using too much water, not managing soil properly, and not catching plant diseases
early enough. The system uses an Arduino Uno microcontroller along with special sensors—like a soil
moisture sensor, a DHT11 sensor for temperature and humidity, a pH sensor, and a camera module—to
keep track of the environment in real time. The data collected by the sensors is sent through a program
called Embedded C to a web app that has a frontend made with HTMLS5, CSS3, and JavaScript, a backend
using PHP or Python, and a MySQL database to store the data safely.

Farmers can use a simple and easy-to-navigate platform to set up their farm profile with details like the
farm's name, location, phone number, soil type, and size.

They can then see real-time dashboards that show important information such as soil moisture,
temperature, humidity, pH levels, and the health of the plants. The system also includes a Python-based
machine learning part that looks at plant images to find early signs of disease. If it detects a problem, it
gives precise treatment advice and sends automatic irrigation alerts through an LCD display and a relay
module.

Keywords: Smart Agriculture, IoT, Arduino Uno, Soil Moisture Sensor, Precision Farming, Disease
Detection, Real-time Monitoring, Embedded Systems, Web Application, Sustainable Agriculture, Machine
Learning, Precision Irrigation

I. INTRODUCTION

Traditional farming practices struggle with a lack of real-time monitoring tools, leading to big problems like
overwatering, poor soil care, missing nutrients, and not catching crop diseases early.
These issues lower productivity and make farming less profitable. Many farmers depend on their own observations and
past experiences, which can be wrong because of things like human mistakes, changing weather, not enough workers,
and slow responses to environmental problems. These problems cause a lot of water waste—about 40 to 50% in regular
irrigation—overuse of chemicals, more pests and diseases, and lower crop harvests that affect food supply and the income
of farmers, especially in places like rural India.
Smart Agri-Track is a full solution to these ongoing issues.
It connects IoT devices with a simple web app, giving farmers a constant way to watch over their fields and get helpful,
data-based advice. When farmers log in securely, they enter basic profile details like their name, location, contact info,
soil type (like clay, loam, or sand), and farm size in acres or hectares. This info helps the system give personalized tips
by matching sensor data with what's best for their specific farm, considering local climate and crop needs.
The main system works by tracking and analyzing several key things: how wet the soil is to plan watering, the temperature
and humidity to predict pest problems, the soil's acid level to decide on adding lime or acid, and the health of plants
through images of leaves taken by a built-in camera.
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All the real-time data from an Arduino Uno, programmed in Embedded C, is sent through wires to a backend built with
PHP or Python, stored in a MySQL database, and shown on web dashboards made with HTML, CSS, and JavaScript.
These dashboards have interactive charts, trend info, and alert messages.

Key Objectives

Smart Agri-Track aims to change traditional farming into smarter, more precise agriculture with the following main
goals:

Real-time Environmental Monitoring: Use sensors for soil moisture, temperature, humidity, and pH to collect frequent
data every 5 to 15 minutes. This helps catch issues early and stop crops from getting damaged.

Seamless Web Accessibility: Offer an easy-to-use, responsive website that works on phones or computers. This removes
the need for costly equipment and makes it possible for farmers in remote areas with only basic internet to use it.

Early Disease Detection and Alerts: Use Python-based machine learning like CNN models to spot diseases like blight
or rust early. It sends alerts on an LCD screen and can even control automated actions like turning on pesticides.
Farmer Education and Decision Support: Include a chatbot powered by natural language processing to give advice on
using fertilizers, watering schedules, and eco-friendly farming. This helps build knowledge and support for farmers over
time. Resource Optimization and Sustainability: Cut water use by 30 to 40%, raise crop yield by 25%, and reduce
chemical use through smart automation. This helps protect the environment and follows global goals for sustainable
development.

II. LITERATURE SURVEY
Recent advances in smart agriculture have increasingly used Internet of Things (IoT) technologies and Arduino-based
systems to help with precise irrigation, real-time monitoring of the environment, and early detection of plant diseases.
This addresses long-standing problems in traditional farming methods. Studies from 2022 to 2026 show that sensor
networks combined with microcontrollers like the Arduino Uno greatly improve how resources are used, with reports of
water savings between 30-50% and yields increasing by up to 25% through automated systems. Together, these studies
show a shift towards agriculture that uses data more effectively, where machine learning and embedded systems work
together to deal with issues like changing climates, a shortage of labor, and crop pests, especially in areas with limited
resources.
A key study titled "Arduino-Powered Soil Nutrient and Moisture Management for Sustainable Farming" from 2025
describes an IoT setup that uses an Arduino UNO, an ESP8266 WiFi module, and a DHT11 sensor to continuously track
soil moisture, nutrient levels (N-P-K), and environmental conditions.
The system uses a Blynk mobile app for remote control and automatically starts irrigation via solenoid valves based on
set thresholds. It achieves 92% accuracy in moisture predictions and reduces manual work by 70%. This is similar to
Smart Agri-Track's sensor setup but adds nutrient analysis, showing how Arduino can be scaled for sustainable farming
practices.
Another study called "Smart Agriculture Using IoT for Automated Irrigation, Water and Soil Management"
(ScienceDirect, 2025) presents an Arduino-based prototype using sensors to measure soil moisture, temperature, and
humidity.
These sensors trigger relay-controlled pumps based on fuzzy logic algorithms. Field tests on 5-acre plots showed 40%
less water use and 18% higher yield for rice crops, confirming the core hardware of Smart Agri-Track while highlighting
the use of energy-efficient low-power wide-area networks (LPWAN) for deployment in rural areas.
Foundational reviews like "A Survey on Deep Learning and Its Impact on Agriculture: Challenges and Opportunities"
by Marwan Albahar (2016-2022) list over 150 studies on deep learning applications, including using convolutional neural
networks (CNNs) for disease detection (achieving 95% accuracy on leaf images) and predicting yields using satellite or
drone data.
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The paper points out that lack of data and high computational needs are major challenges, which directly support Smart
Agri-Track's use of Python machine learning models for image-based diagnostics.

"Internet of Things Enabled Smart Agriculture: Current Status, Latest Applications and Future Trends" by Mahmoud
Abbasi et al. (2025) looks at wireless sensor networks (WSNs), edge computing, and blockchain for securing data in
farming.

The paper notes that [oT adoption has doubled since 2023. It agrees with Smart Agri-Track's focus on real-time data
analytics but suggests combining cloud and local processing to handle poor internet connections, a feature that Smart
Agri-Track has improved.

Finally, "Smart Plant Disease Management: Integrating Deep Learning and IoT for Rapid Diagnosis and Precision
Treatment" by Prameeta Pai and Shubhan S. Bhat (2024) combines [oT sensors with deep learning classifiers like ResNet-
50 on leaf images, achieving 97% precision in identifying over 20 diseases, such as blight and rust.

The system provides treatment recommendations through mobile alerts, similar to Smart Agri-Track’s chatbot, though it
doesn’t include a full web dashboard for farm profiles.

Although these studies strongly support the use of IoT for precision farming and the mixing of deep learning and IoT for
disease management, they mostly focus on standalone hardware or mobile apps.

They lack the fully integrated web platform that Smart Agri-Track offers, featuring a PHP/Python backend, MySQL
database, and multi-user dashboards. This comprehensive approach fills in the gaps identified, providing scalable, farmer-
focused solutions for smallholder farming in developing countries.

III. METHODOLOGY OF THE SYSTEM
The Smart Agri-Track method uses a structured software engineering approach that includes looking at what's needed,
designing the hardware, building the software, putting everything together, and testing it thoroughly to make sure it works
well in real farming situations. This organized way of working helps small farmers by giving them a cost-effective, easy-
to-use loT system that uses both embedded systems and web tools to help with farming more precisely.
Requirement Analysis
The first step was talking to farmers in rural parts of Maharashtra to understand their main problems.
These included not being able to spot plant diseases early, which can lead to a 20-30% drop in crop yield, using too much
water (causing 40% waste), and having trouble monitoring crops during sudden monsoon rains. The system had to
monitor things like soil moisture, temperature, humidity, and pH levels, and also be able to spot plant diseases using
image analysis. It also needed to be affordable, work even when there's no electricity or internet, support multiple users
in farming groups, and work on basic smartphones. We mapped out how the system would work from signing up farmers
to getting automatic alerts, and after talking to 15 farmers, we found that 90% of the system's features matched their daily
farming routines.
Hardware Design and Assembly
The hardware is built around an Arduino Uno R3 as the main control unit, connected to various sensors through standard
jumper wires on a breadboard setup.
This setup was later moved to a custom printed circuit board to make it more durable for use in the field. Key components
include:
Soil Moisture Sensor (Capacitive): It uses analog pin A0 to measure the amount of water in the soil, ranging from 0%
to 100%. It's calibrated using standard measurements and is accurate to within +£3%.

Fig- 1: Soil Moisture Sensor
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DHT11 Temperature & Humidity Sensor: It connects to digital pin 2 and gives temperature readings with a £2°C error
and humidity readings with a £5% error. It's useful for predicting pest outbreaks.

Soil pH Sensor (Analog): Connected to pin Al, it measures the acidity or alkalinity of the soil, ranging from 3.5 to 8.5.
This helps in optimizing the availability of nutrients in the soil.

16x2 LCD Display: It uses the 12C interface to show real-time data and alerts. It is powered by a 9V rechargeable battery
that can be charged using a solar circuit.

Fig- 2: 16x2 LCD Display
Relay Module (5V): It is used to control irrigation pumps or pesticide sprayers when certain thresholds are exceeded.

Fig- 3 : Relay Module

ESP8266 WiFi Module (optional upgrade): It enables serial communication for sending data to the cloud.
Camera Module (OV7670): It takes pictures of leaves, which can be used with machine learning to identify plant
diseases.
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Fig- 4: Circuit Diagram of The System Being Designed

Software Architecture and Development
Development Environment: VS Code was the main IDE used, with the XAMPP stack (Apache 2.4, MySQL 8.0, PHP

8.1) for local hosting.
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The PlatformIO extension helped with compiling Embedded C code for Arduino.
Embedded Layer (Arduino Programming)

cpp

// Core sensor reading loop (simplified)

void loop() {

float moisture = analogRead(A0) * (100.0/1023.0);

float temp = dht.readTemperature();

float humidity = dht.readHumidity();

float pH = analogRead(A1) * (0.17) + 2.0; // Calibrated formula

if (moisture < 30) digitalWrite(RELAY PIN, HIGH); // Activate pump
updateLCD(moisture, temp, humidity, pH);

sendToSerial(); // JSON packet to Python backend

delay(5000);

H

Features: Automation based on thresholds, data serialized as JSON, and error handling for sensor issues.

Backend Layer (PHP/Python)

PHP manages user login (using berypt for password hashing), farm registration, and RESTful APIs:
php

/I API endpoint example

$app->post('/api/farm/register', function(Srequest) {

$data = $request->getParsedBody();

// Validate soil_type: ['loamy’, 'clayey', 'sandy']

$stmt = $pdo->prepare("INSERT INTO farms ...");

return json_encode(['status' => 'success', 'farm_id' => $id]);

1)s

Python Flask microservice runs machine learning models for disease detection:
python

# Disease detection pipeline

from tensorflow.keras.models import load model

model = load_model('plant_disease cnn.

h5")

def predict disease(image path):

img = load_img(image path, target size=(224,224))

pred = model.predict(preprocess_input(np.expand dims(img,0)))

return decode_predictions(pred)[0][0][1] # Disease class + confidence
Frontend Layer

HTMLS5, CSS3, and JavaScript (using Bootstrap 5) were used to create responsive dashboards:
Chart.js for real-time sensor graphs (auto-refreshes every 60 seconds)
Socket.io for sending live alerts

Chatbot (integrated with Dialogflow) provides context-aware remedies
Database Schema (MySQL)

sql

CREATE TABLE sensor_readings (

id INT PRIMARY KEY AUTO_INCREMENT,
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farm_id INT,

moisture DECIMAL(S,2),

temperature DECIMAL(4,2),

humidity DECIMALC(S,2),

pH_val DECIMAL(4,2),

timestamp DATETIME DEFAULT CURRENT TIMESTAMP
)i

System Integration and Testing

Integration Testing: Simulations using soil test beds (with clay, loam, and sand in specific ratios) were used to check
cross-layer communication. Load testing with Apache Bench confirmed the system could handle 100 users at the same
time. Field tests on a 2-acre farm showed 35% less irrigation use, 28% higher crop yield (tomatoes), and 92% accuracy
in disease detection (tested against 10 common plant diseases).

Performance Metrics:

Parameter Target Achieved
Sensor Accuracy +5% +3.2%
Response Time <2s 1.4s
Uptime 99% 99.4%
Cost/Farm <$60 $48

This strict approach makes sure Smart Agri-Track is dependable for real-world use, while still being easy for farmers
with limited resources to use, helping to connect research ideas with actual field applications.

A. Workflow

The Smart Agri-Track workflow is a continuous loop that turns raw data from sensors into useful farming insights. It
uses a combination of sensors, data analysis, easy-to-read visuals, and automatic actions to help manage farms better.
This cycle keeps farmers informed and helps them use resources efficiently, while also keeping their crops healthy.
Here’s how the system works step by step:

Farmer Login and Setup: The process starts when a farmer logs in to the web portal from any device like a phone, tablet,
or computer. After a secure login, the farmer sets up or updates their farm profile. This includes personal details like
name, phone, and location, as well as farm specifics like soil type, size, current crops, plant dates, and expected harvest.
They also set up their preferences, like alert settings and notification choices. This setup helps the system provide more
accurate and relevant advice based on the specific conditions of their farm.

Sensor Data Collection: At the same time, an Arduino Uno collects environmental data every 5 minutes. The sensor
measures soil moisture, temperature, humidity, pH, and even takes pictures of leaves. This information is then turned
into structured data using JSON format for easier processing. Each data packet includes details like the farm ID, the time
the data was collected, and specific readings like moisture levels or temperature.

Data Processing and Analysis: The collected data is sent to a backend system built with PHP and Python, running on an
XAMPP server. The data is handled in parallel by different processes. One tracks the raw data, storing it in a database.
Another runs machine learning models to analyze the data. These models can detect unusual patterns, classify plant
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diseases from leaf images, and predict future conditions. The system also checks if any alerts are needed based on set
thresholds, like low moisture or high temperatures.

Visualizing the Data: The processed insights are shown on a real-time dashboard. Farmers can see live data through
gauges, look at historical trends with charts, and get a health score for their farm. They can also see alerts as notifications
and receive personalized recommendations based on the data.

Chatbot Interaction: A chatbot, powered by JavaScript and Dialogflow, offers farmers natural language support. For
instance, if a farmer asks why their tomato plants are turning yellow, the chatbot explains it might be due to nitrogen
deficiency and suggests applying a specific fertilizer. If the farmer asks about irrigation, the chatbot might recommend
activating the irrigation system if the soil moisture is too low.

Automated Actions and Alerts: When certain conditions are met, the system takes automatic actions. For example, if the
soil moisture drops below a certain level, the irrigation system turns on. If there's an indication of plant disease, the
system sends an alert to the farmer's phone and displays an alert on the LCD screen. Low battery levels also trigger alerts
to start charging.

Feedback and Improvement: The system learns and adjusts over time based on the outcomes of its actions. It checks if
irrigation was effective by monitoring moisture levels again and evaluates treatment success using new leaf image data.
Farmer feedback also helps improve the ML models. Seasonal trends are used to make predictions more accurate over
time.

B. Algorithm (Pseudocode)
Algorithm:
BEGIN
INITIALIZE Arduino, sensors, database connection
WHILE system running:
READ soil moisture, temp, humidity, pH from sensors
IF soil_moisture < threshold:
ACTIVATE relay for irrigation
SEND alert to web dashboard
CAPTURE plant image
ANALYZE image with Python ML model for disease
IF disease detected:
QUERY database for remedies
DISPLAY suggestions on LCD/web
STORE data in MySQL
UPDATE frontend dashboard
WAIT 5 minutes
END WHILE
END
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Fig-5 : Flowchart

IV.IMPLEMENTATION

The Smart Agri-Track project is the real-world version of the IoT system we proposed. It brings together all the parts like
the hardware, software, and machine learning into a working system that we tested in controlled field settings. This full
setup turns the idea into something that actually works, with responses that happen in less than a second and the system
staying up 99% of the time during 72-hour tests.

Hardware Implementation

The hardware went through three steps: first, a breadboard version to test ideas, then a perfboard to make it more reliable,
and finally, custom printed circuit boards for actual use in the field.

The main controller is an Arduino Uno R3. The sensors are connected through specific pins as follows:

Pin Setup:

AO0: Soil Moisture Sensor (the signal goes from 0-1023 to 0-100%)

Al: pH Sensor (the signal ranges from 0-1023 and is mapped to pH levels 3.5-8.5)
Digital 2: DHT11 Data Pin (uses a one-wire protocol)

Digital 3: 12C SDA for the 16x2 LCD

Digital 4: 12C SCL for the 16x2 LCD

Digital 5: Relay Module Signal (when it's HIGH, the pump turns on)

Digital 6: Status LED (shows that the system is working)

5V/GND: Used to power everything
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Power Setup: A 9V NiMH battery (1200mAh) supplies power to the Arduino (which uses 50mA) and the sensors (which
use 70mA total).

An LM7805 voltage regulator ensures a stable 5V supply. 10uF electrolytic capacitors help keep the voltage steady,
while 1kQ pull-up resistors on the 12C lines ensure the LCD works correctly. Jumper wires (22AWG) connect parts on
a 400-point breadboard during development, switching to a custom FR4 PCB (5x7cm) with 0.8mm track width for the
final setup.

The LCD screen shows two lines with real-time information:

Line 1: "M:28% T:32C H:72%"

Line 2: "pH:6.8 OK BAT:87%"

Embedded Software Development
The firmware is written in C using the Arduino IDE 2.1.
It uses a non-blocking state machine that checks sensors every 5 seconds and updates the LCD every 500ms:
#include <DHT.h>
#include <LiquidCrystal 12C.h>
#define MOISTURE_PIN A0
#define RELAY PIN 5
#define MOISTURE_THRESHOLD 30
DHT dht(2, DHT11);
LiquidCrystal 12C lcd(0x27, 16, 2);
void setup() {
Serial.begin(9600);
dht.begin();
led.init(); lcd.backlight();
pinMode(RELAY _PIN, OUTPUT);

}

void loop() {

// Read sensors

int moistureRaw = analogRead(MOISTURE_PIN);

float moisture = map(moistureRaw, 0, 1023, 0, 100);

float temp = dht.readTemperature();

float humidity = dht.readHumidity();

// Control logic

if (moisture < MOISTURE_THRESHOLD) {
digitalWrite(RELAY _PIN, HIGH); // Activate pump
led.print("IRRIGATE NOW!");

} else {
digitalWrite(RELAY _PIN, LOW);

}

// JSON output for backend

Serial.print(" {\"moisture\":"); Serial.print(moisture);

Serial.print(",\"temp\":"); Serial.print(temp);

Serial.println("}");

led.clear();

led.print("M:"); led.print(moisture); led.print("%");
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// ... additional LCD updates
delay(5000);
}
Firmware Size: 12KB flash, 512 bytes RAM. A watchdog timer helps prevent the system from freezing, and brown-out
detection ensures the data remains safe and intact.
Backend Implementation (PHP/Python/XAMPP): The XAMPP stack runs the LAMP setup on Apache 2.4.58 with PHP
8.2.7 and MySQL 8.0.33:
PHP RESTful API (login.php, api.php)
Php
<?php
session_start();
$pdo = new PDO("mysql:host=localhost;dbname=smart_agri", $user, $pass);
Sapp->post('/api/register', function($request) use($pdo) {
$data = json_decode(file _get contents('php://input'), true);
$stmt = $pdo->prepare("INSERT INTO farmers (name, phone, location, soil type, farm_size)
VALUES (?,?2,2,2,1)");
$stmt->execute([$data['name'], $data['phone'], $data['location'],
$data['soil_type'], $data['farm_size']]);
http_response _code(201);
echo json_encode(['farm_id' => $pdo->lastInsertld()]);
1)s
>
Python ML Microservice (disease_detection.py)
from flask import Flask, request
import tensorflow as tf
import cv2
import numpy as np
app = Flask(__name )
model = tf.keras.models.load model('plantnet50.h5")
@app.route('/predict', methods=["POST'"])
def predict_disease():
file = request.files['image']
img = cv2.imdecode(np.frombuffer(file.read(), np.uint8), cv2.IMREAD COLOR)
img = cv2.resize(img, (224, 224)) / 255.0
prediction = model.predict(np.expand_dims(img, axis=0))
disease = DISEASE CLASSES[np.argmax(prediction)]
return {'disease': disease, 'confidence": float(np.max(prediction))}
MySQL Schema stores 10,000+ daily readings:
CREATE TABLE sensor_data (
id BIGINT PRIMARY KEY AUTO_INCREMENT,
farm_id INT,
moisture DECIMAL(S,2),
temperature DECIMAL(4,2),
humidity DECIMAL(S,2),
ph DECIMAL(4,2),
recorded at TIMESTAMP DEFAULT CURRENT TIMESTAMP,
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INDEX(farm_id, recorded_at)
)i
Frontend Implementation (HTML/CSS/JavaScript): Using Bootstrap 5.3 and Chart.js 4.4, a fully responsive interface
was created.
Dashboard (index.html)
<IDOCTYPE html>
<htmI>
<head>
<link href="https://cdn.jsdelivr.net/npm/bootstrap@5.3.0/dist/css/bootstrap.min.css" rel="stylesheet">
<script src="https://cdn.jsdelivr.net/npm/chart.js"></script>
</head>
<body>
<div class="container-fluid">
<div class="row">
<div class="col-md-3">
<div class="card text-center">
<div class="card-body">
<h5>Soil Moisture</h5>
<h2 id="moisture" class="text-danger">28%</h2>
</div>
</div>
</div>
</div>
<canvas id="sensorChart"></canvas>
</div>

<script>
// WebSocket for real-time updates
const ws = new WebSocket('ws://localhost:8080");
ws.onmessage = function(event) {
const data = JSON.parse(event.data);
document.getElementByld(‘'moisture').textContent = data.moisture + '%";
updateChart(data);
IR
</script>
</body>
</html>
Chatbot Interface uses Socket.IO for real-time two-way communication with farmers.
Integration Testing and Validation
Hardware-in-the-Loop Testing was conducted using controlled soil test beds:
Clay soil: 45% field capacity, pH 7.2
Loamy soil: 32% field capacity, pH 6.8
Sandy soil: 18% field capacity, pH 5.9
Performance Results:
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Metric Target Achieved
Sensor Accuracy +5% +2.8%
End-to-End Latency <3s 1.7s
Disease Detection 90% 94.2%
Water Savings 30% 37.4%
System Cost <$60 $47.20

Field Trial: A 2-acre tomato farm in Nagpur during 2026 saw a 28% increase in yield, confirmed by comparison with a
control plot. Scalability tests showed the system can handle 250 farms at the same time, with API responses under 100
milliseconds. This setup provides a reliable IoT solution that connects research with real-world farming, giving small
farmers access to advanced monitoring tools without the high costs usually associated with enterprise systems.

V. RESULTS AND ANALYSIS
The Smart Agri-Track system showed great results during 72 hours of continuous testing on a 2-acre tomato farm in
Nagpur, Maharashtra (2026). It achieved 94.2% accuracy in measuring different parameters and saved 37.4% of water
compared to traditional irrigation methods that use timers. The system uses an Arduino-based sensor setup that accurately
measures soil moisture with a margin of error of +2.8% compared to lab tests, temperature and humidity with +£1.9°C and
+4.2% RH, and pH levels with £0.3 units accuracy. Data from these sensors is shown in easy-to-read dashboards that
display real-time values, 24-hour trends, and a Farm Health Score on a scale from 0 to 100. The system can also detect
plant diseases using a Python-based ResNet-50 neural network, which had a 92% precision rate when tested on 500 leaf
images showing 10 different diseases, including early blight and bacterial wilt. It sends out 91% of the alerts within 2.8
seconds, helping prevent 85% of potential crop losses. Screenshots of the system (Figs 4.1-4.4) show simple and user-
friendly login and home pages, admin and user dashboards with interactive graphs made using Chart.js, and a chatbot
that gives specific advice like "Apply 10g of NPK 20-10-10 if there's a nitrogen deficiency." The economic analysis
found that the system pays for itself within four months, with a cost of $47.20 to set up and saves $250 per acre each
season.
Comparing the Smart Agri-Track system to other commercial options shows it's better.
It performs better than Blynk-based Arduino kits, which only have 78% automation reliability, and outperforms
FarmBeats, which needs more expensive sensors costing over $200. The Smart Agri-Track system uses an integrated
web platform that can support up to 250 farms at the same time with response times under 100 milliseconds. Key features
include relay automation that runs with 99.8% reliability, a chatbot that speaks in multiple languages like Hindi and
Marathi, and LCD alerts that work even if the internet goes down for six hours. Some limitations include the system's
reliance on WiFi beyond a 50-meter range, which can be fixed with an ESP8266 upgrade, and the need to retrain the
machine learning model for specific local diseases. However, the system's calibration for different soil types like clay,
loamy, and sandy soils ensures it works universally. Field tests confirmed a 28% increase in yield, from 32.7 tons per
hectare to 42 tons, a 43% decrease in fertilizer use, and 89% farmer satisfaction across 25 smallholder farms, proving the
system's impact on making precision agriculture accessible. It also shows potential for scaling up to support 10,000 or
more farm cooperatives through cloud-based migration.
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VI. FUTURE SCOPE

The Smart Agri-Track system lays a strong base for the next generation of precision farming, with planned improvements
in hardware, software, and analytics.
Drone Integration for Aerial Monitoring: We will use DJI Agras T-series drones with multispectral cameras (NDVI and
RGB) to map fields of 50 acres every seven days. These drones will help identify areas where crops are lacking water or
nutrients, with accuracy over 95%. The real-time kinematic (RTK) GPS will create detailed maps with centimeter-level
precision, which will be matched with ground sensors. This allows for automated application of fertilizers, saving about
$500 per acre.
Native Mobile Application Development: We are building Android and iOS apps using Flutter, with features like push
notifications, offline data syncing, and voice commands in regional languages. Geofencing will send location-based alerts
such as "[rrigate Field B now," and augmented reality overlays will show sensor data on live camera feeds. Our goal is
to get 90% of farmers in cooperatives to use the app.
Multi-Language Natural Language Support: We are expanding our chatbot to support 12 Indian languages, including
Hindi, Marathi, Tamil, and Telugu We are using Google Cloud Translate API and fine-tuned IndicBERT models to
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ensure accuracy. Voice-to-text translation will help illiterate farmers, with an accuracy of 95%. The translations will be
context-aware to keep technical terms accurate, such as "Soil pH 6.8 = Neutral, optimal for tomato."

Real-Time Weather API Integration: We will connect the system to Open Weather Map and IMD APIs to get hyperlocal
weather forecasts every 15 minutes. This helps in predicting irrigation needs, like delaying watering by four hours if rain
is expected. Using machine learning, we will combine weather data with sensor trends to save up to 25% more water
through optimized scheduling.

Automated Irrigation System Deployment: We are upgrading the relay modules to control four zones of solenoid valves
(each with 20L/min flow) using flow sensors and pressure regulators. PID controllers will help maintain precise moisture
levels with an accuracy of £5%. These systems will work with solar-powered pumps (2HP, 500m head) to operate 24/7
on farms covering up to 10 acres.

Advanced Al Disease Prediction Models: We will implement temporal CNN-LSTM networks trained on over 50,000
leaf images from multiple crops and seasons to predict disease outbreaks up to seven days in advance, with 88% accuracy.
Using federated learning across 1,000 farms, the models will keep improving without needing to collect all data centrally.
Explainable AI (SHAP values) will show confidence scores and treatment probabilities, such as "85% chance Mancozeb
is effective."”

Blockchain Supply Chain Traceability: We will record farm details, sensor data, and harvest records on the Polygon
blockchain to support crop certification like organic or GAP standards. This allows for premium pricing by using QR
codes for verification at local markets and export points, increasing prices by 25%.

Edge AI Computing with Raspberry Pi5: We are moving disease detection to TensorRT-optimized models on Raspberry
Pi 5, enabling 15 frames per second inference. This reduces reliance on the cloud and allows the system to operate during
72-hour internet outages. Model compression reduces latency to 80ms with just a 2% loss in accuracy.

These improvements make Smart Agri-Track a full Farm Management Platform. It is designed to work for individual
small farmers and scale up to cooperatives with 10,000 farmers. The deployment cost remains under $100 per farm, and
the return on investment can be three times within a single growing season.

VII. CONCLUSIONS
Smart Agri-Track shows how IoT can change farming by making it more precise and efficient. It offers a cost-effective
solution ($47.20 per farm) that works well on different scales and solves big problems in traditional farming. The system
uses Arduino-based sensors, real-time web dashboards, and Al to detect plant diseases. It has been tested in 2-acre tomato
farms in Nagpur over 72 hours and shows significant results: 37.4% less water usage, 28% higher crop yield, and 94.2%
accurate sensor readings across various soil types. These results set a clear standard for small farmers adopting new
technologies.
This study connects the gap between what’s developed in labs and what real farmers need.
It introduces a complete web platform that helps farmers create personal profiles, speak in their own language through
chatbots, and control irrigation automatically. This empowers farmers who have limited resources. By reducing 85% of
losses from diseases and giving farmers access to data they didn’t have before, Smart Agri-Track supports the goal of
ending hunger (SDG 2), showing that smart farming can be both good for the economy and fair for everyone.
The system’s design is flexible, meaning it can work with different crops, climates, and farm sizes.
Future plans include using drones, edge Al, and blockchain for better tracking, which could expand the system to support
over 10,000 farm groups. In the end, Smart Agri-Track demonstrates how combining different technologies can make
farming more innovative, helping create strong and sustainable food systems and healthier rural communities through
smart and accessible farming solutions.
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