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ABSTRACT :

The software of creative farming methods enhancing resource performance and maximizing crop output has been driven by the increasing need for sustainable
agriculture. This mission offers an efficient and sustainable agricultural version of an loT-included hybrid photovoltaic (PV) operated hello-tech soil-unfastened
farming system combining hydroponics/aeroponics, renewable energy, and smart automation. Running on solar energy decreases reliance on grid power and
makes the device appropriate for urban, greenhouse, and remote farming initiatives. Key environmental factors such pH levels, electrical conductivity (EC),
temperature, humidity, water levels, and mild intensity are continuously tracked by loT-based totally sensors. Real-time processing of this data by a
microcontroller unit (ESP32/Arduino) provides automatic control of LED grow lighting fixtures, air flow, nutrient dispensers, water pumps, and other variables to
maximize plant growth. A cloud-based totally dashboard receives the gathered data, therefore allowing remote monitoring and modifications, so reducing manual
intervention and guaranteeing efficient farm control. This approach increases crop production and significantly reduces environmental impact by delaying soil
dependency, reducing water waste, and maintaining most favorable developing conditions. By means of ensuring continuous operation, the hybrid PV system
reduces running costs and reliance on non-renewable power sources. For the future of certain and sustainable agriculture, this work provides a scalable, energy-
efficient, environmentally friendly solution.
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1. Introduction :

Traditional farming practices, which struggle with issues including soil degradation, climate change, water scarcity, and inefficient land use, have come
under remarkable strain from the growing global population and rising meal demand. Though extremely sensitive to environmental changes, traditional
agriculture requires large amounts of water and fertile land, which results in uneven crop production and food insecurity. Soil-unfastened farming
methods combined with hydroponics and aeroponics have emerged as efficient and sustainable ways to get around those constraints, allowing plants to
grow with out soil by way of without delay providing needed nutrients thru a controlled water or mist system. These innovative farming methods
reduce water use significantly, eradicate soil-borne diseases, improve nutrient absorption, and accelerate plant growth. On the other hand, traditional
hydroponic and aeroponic systems are as a replacement reliant on grid power, which will raise running costs and compromise their viability in off-grid
and far-flung areas. A hybrid photovoltaic (PV) solar-powered loT-integrated soil-unfastening farming system meant to be self-sustaining, power-
efficient, and surprisingly automated is one approach to this. The device is cheaper and environmentally friendly since it runs on solar power as a
renewable energy source, so significantly reducing dependence on traditional energy. loT-based automation also provides real-time monitoring and
unique control of vital agricultural parameters including pH levels, electric conductivity (EC), temperature, humidity, water degrees, and light depth by
means of sensors, microcontrollers (ESP32/Arduino/Raspberry Pi), and cloud-based total monitoring. This smart tracking and automation guarantees
ideal plant boom conditions and reduces human involvement, so lowering hard work charges and enhancing output. The device's capacity to automate
nutrient shipping, water stream, and weather control exceptionally serves urban farming, greenhouses, and distant agricultural operations. This work
aims to alternate present farming with the help of including a scalable, bendy, and really green agricultural model able to deal with the concerns of food
protection and sustainability in the twenty first century by including renewable electricity, loT-driven automation, and precision agriculture..

2. Review of Literature :

Soil-free farming, including hydroponics, aeroponics, and aquaponics, has gained significant attention as a sustainable agricultural technique. These
methods eliminate soil dependence, optimize water usage, and enhance crop yield. loT-based automation in agriculture further improves efficiency by
enabling remote monitoring and control. Research has shown that integrating loT with precision farming techniques enhances productivity, reduces
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resource wastage, and ensures optimal environmental conditions for plant growth. Additionally, hybrid photovoltaic (PV) systems provide a renewable
energy source to power these farming setups, making them more sustainable and reducing reliance on conventional electricity grids. Studies highlight
that solar-powered agricultural solutions help mitigate energy costs, making smart farming more viable in regions with unreliable electricity supply.
The application of 0T in agriculture includes sensors for temperature, humidity, light intensity, pH levels, and nutrient concentrations. These sensors
facilitate real-time monitoring and data-driven decision-making. Various studies have demonstrated that automated nutrient delivery in hydroponics and
aeroponics significantly boosts plant growth compared to traditional methods. Machine learning algorithms and Al-driven analytics are being
incorporated to predict crop health, detect diseases, and automate irrigation. Furthermore, integrating loT with cloud computing enables remote data
storage and analytics, ensuring that farmers can access real-time insights from any location. However, challenges such as sensor calibration, data
security, and energy efficiency remain areas of ongoing research and development.

3. Framework and Methodology :

The development of this loT-integrated hybrid PV-operated soil-free farming system begins with the selection and design of an appropriate soil-free
cultivation method, such as hydroponics or aeroponics. Hydroponic systems use nutrient-rich water to nourish plants, while aeroponic systems mist the
roots with nutrient solutions, both eliminating the need for soil. The choice of system depends on the type of crops being grown, environmental
conditions, and scalability requirements. A modular farming structure is designed, allowing for easy expansion and adaptation to different crop types.
This structure includes plant support trays, water circulation channels, misting nozzles (for aeroponics), and a controlled nutrient delivery system. A
water reservoir with automated refilling capabilities is set up, ensuring a continuous and controlled supply of water mixed with essential nutrients.
Furthermore, a smart irrigation system is implemented to regulate water flow based on real-time plant needs, preventing wastage and optimizing
growth.

The 10T integration phase involves the deployment of multiple sensors to monitor critical farming parameters such as temperature, humidity, light
intensity, pH levels, electrical conductivity (EC), dissolved oxygen, and carbon dioxide levels. These sensors provide real-time data, which is collected
by microcontrollers such as Arduino, Raspberry Pi, or ESP32. The microcontroller processes and transmits the data wirelessly to a cloud-based
platform using Wi-Fi, Bluetooth, or LoRaWAN communication protocols. The cloud-based platform serves as a centralized database where all
environmental and plant health data is stored, analyzed, and visualized. Farmers and operators can access this data remotely via a mobile application or
web dashboard, allowing them to monitor farm conditions in real-time, receive alerts for critical changes, and adjust parameters as needed.
Additionally, advanced data analytics and artificial intelligence (Al) algorithms analyze trends and provide predictive insights on crop growth, potential
diseases, and resource optimization.

The hybrid photovoltaic (PV) energy system is a key component of this farming setup, providing a sustainable power source for the entire operation. A
set of solar panels is installed to harness sunlight and generate electricity, which is used to power the sensors, microcontrollers, water pumps, misting
systems, and lighting units. To ensure continuous operation during nighttime or cloudy conditions, a battery storage system is integrated to store excess
solar energy. The energy management system regulates power distribution, ensuring that high-priority components receive sufficient power while
minimizing energy wastage. Smart algorithms are employed to optimize energy consumption by adjusting power usage based on available solar input
and farm demand. In cases where additional energy is needed, a backup power source, such as a wind turbine or grid connection, can be incorporated to
maintain uninterrupted operation.

The automation and control system plays a crucial role in optimizing farming efficiency and reducing manual intervention. Using loT and Al-based
automation, the system dynamically adjusts key parameters such as nutrient concentration, irrigation schedules, and environmental conditions.
Actuators and solenoid valves control the flow of nutrient solutions based on sensor readings, ensuring precise nutrient delivery without overuse or
underuse. Al-driven algorithms analyze historical data to predict optimal growing conditions and adjust climate control settings such as ventilation,
misting frequency, and artificial lighting intensity. Automated pest detection and disease monitoring are also integrated using computer vision and
infrared sensors, allowing the system to identify issues early and trigger preventive actions such as controlled pesticide release or UV sterilization. This
level of automation significantly reduces labor costs, minimizes human error, and maximizes crop yield.

The final phase of the methodology involves extensive testing, validation, and performance optimization of the entire system. The farming setup
undergoes multiple experimental trials to assess its efficiency in terms of plant growth rate, resource utilization, and energy consumption. Comparative
analysis is conducted against conventional farming methods to measure improvements in crop yield, water savings, and operational efficiency. Data
from these trials is used to refine the system, improving its accuracy, scalability, and overall effectiveness. Cost-benefit analysis is also performed to
determine the economic feasibility of large-scale implementation, considering factors such as installation costs, maintenance expenses, and return on
investment. The final optimized system represents a highly efficient, sustainable, and technologically advanced solution for modern agriculture, paving
the way for smart farming in urban and resource-constrained environments.

4.Summary :

The rapid advancements in the Internet of Things (IoT) and renewable energy have paved the way for innovative solutions in modern agriculture. This
paper presents the design and implementation of an loT-integrated hybrid photovoltaic (PV) system for high-tech soil-free farming, focusing on
optimizing resource utilization and enhancing crop yield. The system integrates solar energy with loT-based automation to create a self-sustaining,
energy-efficient, and environment-friendly farming model. Utilizing hydroponic and aeroponic techniques, the setup eliminates the dependency on
traditional soil-based agriculture while ensuring precise nutrient delivery, water conservation, and real-time monitoring of environmental conditions.
Smart sensors and cloud-based analytics facilitate data-driven decision-making, automating irrigation, nutrient dosing, and climate control for optimal
plant growth. The hybrid PV system ensures uninterrupted power supply, overcoming the limitations of grid dependency and making sustainable
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farming feasible even in remote locations. This study highlights the efficiency, reliability, and economic feasibility of integrating 10T with renewable
energy in modern agriculture, demonstrating its potential to revolutionize food production by making it more resilient, scalable, and sustainable. The
results indicate significant improvements in crop health, reduced water consumption, and enhanced energy efficiency, making this technology a
promising solution for future farming challenges.
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