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Abstract: Farm Expert: Integrated Platform for Crop and its Health Management

"Farm Expert" is a platform designed to assist farmers in crop management and agricultural productivity optimization. Using
machine learning algorithms like Random Forest, SVM, and deep learning, it provides real-time recommendations for crop
selection, fertilizer application, and early disease detection. The platform integrates soil quality data, crop images, and
environmental conditions to offer personalized insights tailored to individual farms. Addressing key challenges like inefficient crop
monitoring, delayed disease detection, and improper fertilizer use, "Farm Expert" helps farmers make data-driven decisions to
improve yields and sustainability. The system’s web-based interface ensures ease of access and scalability for different agricultural
environments. By analyzing data patterns, it predicts crop diseases, recommends optimal fertilizer usage, and forecasts yield
potential.

Index Terms - Machine learning, Real-time recommendations, Disease detection, Sustainability

I. INTRODUCTION

Start by introducing the concept of smart farming and its relevance in modern agriculture.

Discuss how technologies like 10T, Al, and machine learning are revolutionizing farming practices.

Crop Prediction:

Review existing literature on crop yield prediction models using machine learning and Al.

Explore different approaches such as satellite imagery analysis, weather data integration, and soil quality assessment.
Highlight successful implementations and their impact on agricultural productivity.

Crop Disease Prediction:

Examine studies focusing on disease detection in crops using image processing and deep learning techniques.

Discuss the use of sensor networks for real-time disease monitoring and early detection systems.

Summarize the effectiveness of Al-driven solutions in minimizing crop losses due to diseases.

Fertilizer Recommendation:

Investigate research on precision agriculture for optimizing fertilizer usage.

Evaluate methodologies for soil nutrient analysis, including spectroscopy and loT-based soil sensors.

Discuss how Al algorithms can interpret data to recommend personalized fertilizer plans based on crop and soil conditions.
Integration and Challenges:

Address the integration challenges of combining crop prediction, disease prediction, and fertilizer recommendation systems
into a cohesive smart farming solution.

Identify gaps in current research and propose potential areas for further exploration

Discuss how Al algorithms can interpret data to agricultural productivity while minimizing resource wastage.
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Il. PROPOSED APPROACH

The Farm Expert Project aims to enhance agricultural productivity by developing machine learning-based crop prediction
models that analyse soil data, weather patterns, and climate forecasts to recommend the best crops for a given region. A
personalized crop recommendation system will provide tailored advice on crop selection, fertilizers, irrigation, and planting
schedules, ensuring long-term sustainability. Additionally, the platform will integrate educational content to promote
sustainable farming, soil conservation, and efficient water usage, empowering farmers with essential knowledge. By combining
Al-driven insights and farmer education, the project seeks to improve decision-making and resilience in modern agriculture.

I1l. REQUIREMENTS
I. User Requirements

1.1 For Crop Prediction

e Nitrogen value (N)

Potassium value(P)
Phosphorous value(K)
Rainfall in mm

PH value

Humidity
Temperature

I.Il For Fertilizer Prediction

Nitrogen value (N)
Potassium value(P)
Phosphorous value(K)
Crop name

Humidity
Temperature
Moisture
Soil Type

LIl For Plant Disease detection
e Image of the leaf.

II.REQUIREMENTS FOR SOFTWARE AND HARDWARE
Windows 7 and later operating systems.
Python 2.7 and later is the required programming language.
Anaconda Jupyter Notebook is the platform.
Tensorflow, OpenCV, PIL, tkinter, OS, SKlearn and TorchVision are supporting libraries.
A processor running at 2.5 GHz or above.
4 GB more than Memory is recommended.

IV. ALGORITHMS AND FLOWCHART

e SVM, or supervised machine learning, is a technique that may be used to solve classification and regression issues.

e When there are multiple explanatory factors, logistic regression is used to calculate the odds ratio.

e Inadecision tree, each internal node represents a "test" on such a characteristic, and each branch represents the test's outcome,
so each leaf node represents a class label. The structure mimics a flowchart.

e Random forest is a well-liked supervised machine learning method for addressing classification and regression problems. It
constructs decision trees from the range of samples that use the averages the averages for regression as well as the simple
majority for classification. Computation and enhance the effectiveness of models used for machine learning.

e ResNet is a neural network convolution (CNN) design that overcomes the "vanishing gradient" issue to produce networks
with dozens of convolution layers that outperform shallower networks.
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Fig 4.1 Flowchart

The Farm Expert: Integrated Platform for Crop and Health Management streamlines three key agricultural functions: Crop Disease
Detection, Crop Recommendation, and Fertilizer Recommendation. It starts at the Home Page, where users choose the desired
functionality, leveraging Al and machine learning for smart farming decisions. In the Crop Disease Detection Module, farmers
upload a plant leaf image, which is analysed by a CNN model trained to identify diseases. Upon clicking "Predict", the system
provides the disease name, severity, and treatment suggestions, helping farmers take timely action. The Crop Recommendation
Module allows users to enter soil and environmental parameters such as NPK levels, pH, rainfall, and location. A machine learning
model then suggests the most suitable crops for the given conditions, ensuring optimal yield and resource efficiency. In the Fertilizer
Recommendation Module, farmers input NPK values and the intended crop, and the system calculates the ideal fertilizer mix to
enhance soil health and productivity. With Al-powered insights, Farm Expert empowers farmers to make informed decisions,
improve productivity, and promote sustainable agriculture.

Pre- Processing Training System

Fig 4.2 Activity Diagram

The activity diagram outlines how the crop prediction and fertilizer recommendation system works, breaking it down into three
main phases: Pre-Processing, Training, and System Deployment. Using machine learning—specifically the Random Forest
Classifier—the system helps farmers make smarter, data-driven decisions. In the Pre-Processing phase, the system prepares
agricultural data for training. The dataset, which includes key soil and environmental attributes, is first split into training and testing
sets to ensure the model performs well on new data. Feature selection is then applied to identify the most important factors affecting
crop yield and soil fertility, improving efficiency by removing unnecessary data. Next, in the Training phase, the refined dataset is
fed into a Random Forest Classifier, a powerful machine learning algorithm known for its high accuracy. The model learns patterns
from historical agricultural data, linking input conditions to expected outcomes. Once trained, the model is saved so it can be used
later without needing to be retrained. Finally, in the System Deployment phase, users interact with the model through a web or
mobile application. They select whether they want to predict crops or get fertilizer recommendations, then enter key agricultural
parameters like soil nutrients, environmental conditions, and crop details. The system processes the input using the trained model
and provides actionable insights on the best crops to grow or the most suitable fertilizer to use. By combining machine learning
with a user-friendly interface, this system makes precision agriculture accessible and efficient, helping farmers improve productivity
and make informed decisions with confidence real-time Al-powered insights promote sustainable farming, efficient resource use,
and improved crop productivity, making modern precision agriculture more accessible and effective.
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Fig. 4.3 Sequence Diagram

The sequence diagram outlines how users interact with the Farm Expert: Integrated Platform for Crop and Health Management,
detailing the step-by-step process for its three core features: Crop Prediction, Fertilizer Recommendation, and Disease Detection.
These functionalities use machine learning and deep learning models to provide accurate and useful insights for farmers. The process
starts when a user visits the website (Step 1) and selects the Crop Prediction feature (Step 2). They then enter key soil parameters
such as Nitrogen (N), Phosphorus (P), Potassium (K), pH level, temperature, humidity, and rainfall (Step 3). The system processes
this data and passes it to the crop prediction model (Step 4), which has been trained on vast agricultural datasets. The model analyses
the input and suggests the best crop for the given soil conditions (Step 5). The recommendation is then displayed to the user (Step
6), allowing them to make informed decisions about what to plant. If the user needs fertilizer recommendations, they proceed to the
Fertilizer Prediction module (Step 7). Here, they enter soil details along with the selected crop (Step 8). The system processes this
information and sends it to the fertilizer recommendation model (Step 9). Based on the crop’s nutrient requirements and soil
composition, the model determines the most suitable fertilizer type and quantity (Step 10). The recommendation is then shown to
the user (Step 11), helping optimize soil fertility and crop yield. For Disease Detection, the user uploads an image of a plant leaf
that they suspect has a disease (Step 13). The system sends this image to a Convolutional Neural Network (CNN)-based model
trained on a large dataset of plant disease images (Step 14). The deep learning model examines the leaf, identifies potential diseases,
and returns results with the disease name, severity level, and possible treatment strategies (Step 15). The system then displays this
information (Step 16), enabling farmers to take prompt action and prevent crop damage. By integrating machine learning for crop
and fertilizer prediction and deep learning for disease detection, this system ensures high accuracy and reliability in agricultural
decision-making. Its Support Vector Machine (SVM), Logistic Regression, and Random Forest, to analyse soil-and environmental
conditions and recommend the most suitable crops for a given region. The Fertilizer Recommendation module is trained on a dataset
of 100 instances with eight attributes—Temperature, Humidity, Moisture, Nitrogen, Phosphorus, Potassium, Soil Type, and Crop.
This module employs Decision Tree, Naive Bayes, SVM, Logistic Regression, Random Forest, K-Nearest Neighbors (KNN), and
Random Boosting algorithms to determine the optimal type and quantity of fertilizer needed for a-specific crop, ensuring balanced
soil nutrition and improved productivity. The Crop Disease Prediction module leverages TorchVision, a deep learning framework,
to analyse images of crop leaves and accurately detect diseases. By processing visual patterns and symptoms using convolutional
neural networks (CNNs), the model identifies diseases, assesses severity, and provides treatment recommendations, allowing
farmers to take timely preventive or corrective measures. This Al-powered platform brings precision agriculture to farmers, enabling
data-driven decision-making to enhance crop productivity, optimize fertilizer use, and reduce losses due to plant diseases. By
integrating machine learning and deep learning technologies, the system ensures higher efficiency, sustainability, and improved
agricultural outcomes.

V. EXPERIMENTAL SETUP DESIGN

In this project we have developed a smart farming web application designed to assist farmers in making informed agricultural
decisions through three key modules: Crop Recommendation, Fertilizer Recommendation, and Crop Disease Prediction. The Crop
Recommendation module utilizes a dataset with 2,201 instances and 7 attributes—Nitrogen, Phosphorus, Potassium, pH value,
Temperature, Rainfall, and Humidity—to analyse soil and environmental conditions and suggest the most suitable crops for optimal
yield. The Fertilizer Recommendation module is built on a dataset of 100 instances and 8 attributes, including soil nutrients,
moisture levels, and crop type, to recommend the appropriate fertilizer composition for improved soil fertility. Meanwhile, the Crop
Disease Prediction module leverages Torch Vision to process plant leaf images, accurately detecting diseases and providing
treatment recommendations. By integrating machine learning and deep learning, the system offers farmers data-driven insights,
enabling them to enhance productivity, optimize resource use, and ensure sustainable farming practices.
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MODEL DESIGN

The models we developed are deployed using pickle in python and these pickle files are used in the website. For designing the user
interface of the project we used html, css, and javascript. The website is deployed using python, it is run in the local host of the
system.

Crop
ccﬁ:gim DataPre- 1 ) piing | Predicion
Processing e Model
Fertilizer
Data ;::2:’; i Training —| Prediction Website
Collection ¢ Model
b s
Data e L Training f— Disease
Collection Processing Detection

Fig. 5.1 Proposed Model Design

VI. RESULT

Recommendzd Crop: cofiee

Fig 6.1 Crop Prediction

IMPLEMENTATION

The Crop Recommendation module is built on a dataset with 2,201 instances and seven key attributes—Nitrogen, Phosphorus,
Potassium, pH, Temperature, Rainfall, and Humidity. It uses multiple Al models, including Decision Tree, Naive Bayes,

Ptk
Recommended Fertifer: Urea

Fig 6.2 Fertilizer Recommendation
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Fig 6.3 Crop Disease Prediction

Sr. No. | Methodology Accuracy
1 Random Forest 99.09%
2 Naive Bayes 99.09%
3 SVM 97.95%
4 Logistic Regression 95.22%
5 Decision Tree 90%

Table 6.1 Crop Prediction

Sr. No. | Methodology Accuracy
1 Decision Tree 100%

2 Naive Bayes 100%

3 Logistic Regression 100%

4 Random Forest 95%

5 Gradient Boosting 90%

6 K-Nearest Neighbours | 85%

7 SVM 60%

Table 6.2 Fertilizer Recommendation

VIl. CONCLUSION

Farm Expert is an Al-powered agricultural platform designed to revolutionize farming by providing data-driven insights for better
crop management. By integrating machine learning and real-time data processing, it helps farmers make quick, informed decisions
to enhance productivity and sustainability. The platform detects critical farm conditions such as pest infestations, nutrient
deficiencies, and soil imbalances, generating timely alerts that enable proactive measures to prevent crop damage. It also
recommends optimal actions, such as precise fertilizer usage and pest control strategies, reducing reliance on guesswork.
Additionally, Farm Expert promotes sustainable agriculture by optimizing resource utilization, minimizing waste, and improving
long-term soil health, leading to higher yields and lower costs. By bridging the gap between traditional farming practices and
modern Al-driven precision agriculture, it empowers farmers to adapt to changing challenges, maximize productivity, and
contribute to a more resilient and food-secure future.
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