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Abstract— Agriculture is vital for food security, and technology can greatly improve farming
efficiency. This project introduces a Smart Farming System integrating Machine Learning-
based crop recommendation, fertilizer recommendation, and crop yield prediction with
automated timer-based cattle feeding system. The crop recommendation model identifies the
best crop using soil macronutrients (N, P, K), rainfall, temperature, and humidity, while the
fertilizer recommendation system suggests optimal fertilizers to enhance yield. The crop yield
prediction model estimates production based on environmental parameters, and all insights are
delivered through a Flask web application where farmers input their soil and weather data.

The cattle feeding system, integrated into the same web platform, enables farmers to schedule
feeding times for food and water. When the set time is reached, commands are sent via
Bluetooth to an ESP32 microcontroller, which activates the food dispenser or water pump. A
moisture sensor checks the water level, ensuring the pump runs only when needed to prevent
wastage. Each feeding event logs data and sends an SMS notification to the farmer, confirming
that livestock has been fed successfully.

Indexed Terms— Smart Farming, Crop Recommendation, Fertilizer Recommendation, IoT,
Machine Learning, Cattle Feeding Automation.

1. INTRODUCTION

Agriculture forms the economic backbone of many nations and advancements in technology have reshaped
conventional farming into a more data-driven and efficient process efficient and data-driven industry. Farmers
often face challenges in selecting the right crops, fertilizers, and predicting yield due to varying soil conditions,
climate factors, and resource availability. Additionally, livestock management, particularly timely feeding and
water supply, is crucial for maintaining animal health and improving productivity. This project introduces a
Smart Farming System that integrates Machine Learning-based Crop and Fertilizer Recommendations, Crop
Yield Prediction, and an Automated Cattle Feeding System using [oT (ESP32 & Bluetooth).

The system provides intelligent insights for better decision-making in crop cultivation while automating the food
and water feeding process for livestock. The crop recommendation model suggests the most suitable crop based
on soil macronutrients (N, P, K), temperature, humidity, and rainfall levels. The fertilizer recommendation
system advises optimal fertilizers to enhance yield, while the crop yield prediction model estimates expected
production.
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The implemented ML algorithms are accessible through a Flask-based web application, where farmers can input
environmental parameters and receive precise recommendations.

Additionally, the automated cattle feeding system allows farmers to schedule feeding times for food and water
through the web interface. The system communicates feeding commands via Bluetooth to an ESP32
microcontroller, which then triggers the respective feeding mechanism. A moisture sensor monitors the water
level in the feeding bucket, ensuring the pump operates only when needed to prevent wastage.

A. Motivation

Traditional farming often depends on farmer instincts, leading to possible errors in crop and fertilizer selection,
poor soil health, and reduced yields. Manual livestock feeding is time-consuming, inconsistent, and costly,
especially on large farms. This project proposes an integrated system using Machine Learning for data-driven
decisions and IoT automation for tasks like feeding and water monitoring, bridging the gap between traditional
and digital agriculture for improved efficiency and sustainability.

B. Problem Statement

Farmers face challenges in selecting the right crops and fertilizers due to varying soil and climate conditions.
Traditional methods lack precision and often result in resource wastage. Manual livestock feeding requires
constant supervision and may lead to inconsistent feeding schedules. Furthermore, farmers lack real-time
systems to monitor and automate these processes. This project aims to solve these issues by developing an
integrated smart farming system that integrates machine learning techniques and IoT technologies to assist in
both crop management and livestock feeding.

C. Objectives

» Develop an Intelligent Crop and Fertilizer Recommendation System: Design intelligent models leveraging
machine learning techniques to utilize values like NPK values, temperature, humidity, and rainfall data to
recommend the most suitable crops and fertilizers. These recommendations aim to improve productivity
while preserving soil health.

» Build a Crop Yield Prediction Model: Create a regression-based model that predicts crop yield based on
environmental parameters. This feature assists in better planning for harvesting, storage, and market
logistics, reducing post-harvest losses.

» Implement an Automated Cattle Feeding Mechanism: Design a system where food and water are dispensed
at scheduled intervals via ESP32 microcontroller. It reduces human effort and ensures timely nourishment of
livestock.

» Integrate Moisture Sensor-Based Water Monitoring: Ensure that water is dispensed only when the bucket is
empty by using a moisture sensor. This avoids unnecessary water wastage and guarantees water availability
to livestock.

» Enable Real-Time Communication and Alerts: Implement Bluetooth and GSM modules to communicate
feeding schedules and trigger SMS notifications, enabling remote monitoring and better control over farm
operations.

II. LITERATURE SURVEY

Smart farming systems have evolved rapidly with the integration of IoT, Machine Learning, and automation,
addressing challenges in crop recommendation, fertilizer optimization, yield prediction, and livestock feeding.
Traditional agricultural methods often rely on farmers’ experience, lacking real-time data analysis, adaptive
decision-making, and automation for both crops and livestock. Furthermore, many existing solutions focus on
either crop management or livestock care, but rarely integrate both in a single, intelligent framework.

Durai and Shamili [3] combined machine learning and deep learning to provide crop recommendations and soil
analysis, though high computational requirements limited small-scale adoption. Bachhav et al. [1] designed IoT-
based cattle feeding system with scheduled feed distribution, reducing labour but relying heavily on
uninterrupted power and connectivity. Rajpoot and Avtar [2] proposed a crop, irrigation, and fertilizer
optimization model using IoT and ML, but dataset limitations hindered its adaptability to diverse regions.
Mohamed et al. [4] discussed the role of 0T, drones, and 5G in precision farming for irrigation and pest control,
yet faced infrastructure and regulatory constraints. Dineshwar et al. [5] developed an IoT-based monitoring and
crop prediction system, improving water management but depending on sensor accuracy. Grell et al. [6]
introduced a low-cost soil nitrogen sensor with ML prediction models, although it required prior soil and climate
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data for optimal performance. Monteiro et al. [7] reviewed precision agriculture techniques for crop and
livestock, noting challenges in cost and farmer training.

Musanase et al. [8] built a data-driven crop and fertilizer recommendation system achieving high accuracy, but
without considering environmental factors like rainfall and humidity. Mohyuddin et al. [9] evaluated ML
approaches for precision farming, emphasizing the importance of quality datasets for model performance.
Dhanaraju et al. [10] highlighted IoT-enabled sustainable agriculture, but implementation required stable
network infrastructure.

From this survey, it is clear that while many smart farming solutions exist, most address either crop
recommendation and monitoring or livestock feeding rarely both in an integrated and intelligent platform. This
gap motivates the development of the proposed Smart Farming System, which combines ML-based crop and
fertilizer recommendation, yield prediction, and automated cattle feeding using IoT, ensuring both crop
productivity and livestock care in a unified framework.

III. METHODOLOGY
The project methodology is divided into five main phases:

A. Data Collection and Preprocessing:

Agricultural datasets were sourced containing soil nutrient values (NPK), temperature, humidity, rainfall, and
historical crop yields. The datasets were cleaned to handle missing values and normalized to standardize the
inputs. Distinct datasets were employed for crop recommendation, fertilizer recommendation, and yield
prediction.

B. Machine Learning Model Development:

For crop and fertilizer recommendation, classification algorithms such as Random Forest, K-Nearest Neighbours
(KNN), and Decision Trees were implemented. The models were trained to identify the best crop and fertilizer
combinations derived from the input parameters. For yield prediction, regression techniques such as Linear and
Random Forest Regression were applied.

C. Flask-Based Web Application Development:

A user-friendly web interface was developed through the use of Flask. Farmers can enter NPK values, rainfall,
temperature, and humidity to get real-time crop and fertilizer suggestions. The app also allows scheduling cattle
feeding times, managing user profiles, and monitoring system status.

D. IoT-Based Cattle Feeding Automation:

An ESP32 microcontroller was integrated with a Bluetooth module to receive feeding commands from the web
application. A moisture sensor was used to monitor water levels in the feeding bucket. A relay-controlled servo
motor and water pump managed food and water dispensing. Feeding schedules trigger the system to send
commands to ESP32 at set intervals.

E. Real-Time Alerts and Notifications:

The system uses GSM modules or Twilio API to send SMS notifications to farmers after each feeding event.
These alerts confirm successful operation and update the user on system status. Error messages are also
generated if feeding fails or the water bucket is already full.
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IV. EXPERIMENTAL RESULTS

Both hardware and software systems were integrated for successful implementation. Crop and fertilizer
recommendation, algorithms were trained using machine learning techniques on scikit-learn and trained on
agricultural datasets containing NPK, temperature, humidity, and rainfall. The models were integrated into a
Flask web application designed to allow farmers to input field data and view real-time predictions. An ESP32
microcontroller was employed to cattle feeding automation, receiving commands  from the web app via
Bluetooth. A servo motor controlled the food dispenser, while a moisture sensor monitored water levels,
triggering a pump through a relay module. GSM module was employed for SMS alerts to farmers.

The entire setup was tested on a prototype using the Arduino IDE and connected to servos, pumps, and sensors.
The system’s backend data management was handled using MySQL. The system demonstrated accurate
predictions, smooth automation, and reliable notifications.
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Fig 6: Hardware Setup

The figures collectively illustrate the integrated functionalities of the smart farming system. Fig. 2 shows the
crop recommendation interface, where farmers input soil nutrients (N, P, K), rainfall, temperature, and humidity
to receive suggestions for the most suitable crop, highlighting a data-driven approach to crop selection. Fig. 3
depicts the crop yield prediction model, using regression algorithms to estimate expected yields based on
environmental and soil parameters, aiding in harvest and storage planning. Fig. 4 presents the fertilizer
recommendation interface, which suggests the optimal type and amount of fertilizer for the chosen crop,
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promoting productivity while maintaining soil health. Fig. 5 illustrates the automated cattle feeding mechanism,
integrating an ESP32 microcontroller, Bluetooth connectivity, servo motor for feed dispensing, moisture sensor,
and relay-controlled water pump to execute and monitor feeding commands. Finally, Fig. 6 displays the
hardware setup of the prototype, showing the assembly of all components—including ESP32, sensors, motors,
water pump, relay module, and GSM module—confirming the practical implementation of the proposed system.

V. CONCLUSION

The proposed Smart Farming System represents a significant leap toward achieving technology-driven precision
agriculture. By incorporating machine learning approaches alongside IoT devices, the system addresses core
challenges in crop planning, fertilizer usage, yield prediction, and livestock feeding. The ML models provide
accurate recommendations and predictions, empowering farmers to make data-informed decisions. The
automated cattle feeding Along with reducing manual labour, the system also improves. ensures timely and
efficient animal care. The real-time SMS alerts allow remote monitoring, making it ideal for farmers managing
large farms or staying off-site.

This project proves the feasibility and practicality of a unified agricultural automation platform. Its modularity
and web-based interface make it scalable and adaptable to different farm sizes and types. The architecture
promotes sustainability by reducing resource wastage and labour dependency. The combination of Al-powered
analytics and hardware automation bridges a critical gap in modern agriculture. It paves the way for increased
adoption of smart farming practices in rural and semi-urban areas where technological penetration is still limited.
Future Outlook: In the future, the system can be enhanced by integrating weather forecast APIs for dynamic
yield prediction, drone-based crop surveillance, and AI models for pest detection and control. A mobile
application version could further improve accessibility. Additionally, real-time analytics dashboards can be
developed to visualize long-term farm performance trends. By expanding sensor integration and optimizing ML
model training with real-time feedback, the system can evolve into a more adaptive and intelligent farming
assistant. Ultimately, such innovations ensuring sustainable and profitable agriculture for the next generation of
farmers.
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