ABSTRACT

Modermn agriculture faces the dual challenge of increasing food production
while conserving water and protecting crops against environmental and wildlife
threats. This project proposes a centralized smart agriculture system that
integrates Internet of Things (IoT) components, sensor networks, and automation
to optimize irrigation and enhance field monitoring. At its core, the system
utilizes soil moisture sensors, temperature sensors (DS18B20, DHTI11), and
voltage sensors to continuously monitor criticél environmental parameters. These
sensors send real-time data to microcontrollers—such as the ATmega328P,
ESP8266, or ESP32—which then execute intel;]\i"g‘cnt irrigation control by
comparing sensor data against preset thresholds. When soil moisture drops below
optimal levels, the system autonomously activates the water pump and only
ceases irrigation once adequate moisture is restored, effectively addressing issues

like over-irrigation, waterlogging, and inefficient water usage.

In addition to automated irrigation, the system integrates ultrasonic and
PIR sensors to detect animal and bird intrusions. Upon detection, an APR96C0
voice module is triggered to emit deterrent sounds, thereby protecting the crops
without the need for constant human surveillance. Complementing these features,
the ESP32-CAM module provides real-time video streaming of the field, enabling
remote monitoring via mobile or web-based dashboards. This surveillance,
combined with integrated weather forecasting (incorporating APIs or local
predictive models), allows the system to adjust irrigation schedules based on
imminent rainfall or climatic changes. By doing so, the system not only enhances

water conservation but also mitigates unnecessary irrigation operations.

The hardware and sofiware architectures have been designed with
cconomic constraints and ease-of-deployment in mind. The system leverages

affordable, widely available components such as Arduino Uno modules and relies



on open-source tools—including the Arduino IDE and ATMEL Studio—for
programming and system integration. The modular design supports scalability for
varied farming environments, from urban gardens to large-scale agricultural

fields, thus aligning with the broader goals of sustainable agriculture and climate-

resilient resource management.

Ultimately, this smart agriculture system presents a comprehensive
solution for the challenges of modern farming. It optimizes water usage, improves
crop protection, minimizes labor-intensive tasks through remote monitoring and
automated processes, and promotes data-driven decision making. By merging
real-time environmental data with intelligent control logic and remote interface
capabilities, the proposed framework marks a . significant step towards

sustainable, efficient, and resilient farming practices.



