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ABSTRACT

Aquaponics, the symbiotic integration of aquaculture and hydroponics, offers a sustainable solution for food production. However, maintaining optimal
conditions for both aquatic organisms and plants is crucial for its success. This paper proposes a Smart Aquaponic System (SAS) leveraging Internet of Things
(IoT) technologies to monitor and control key parameters in real-time. The system incorporates sensors to measure water quality, temperature, pH levels, and fish
behavior, transmitting data to a central hub for analysis. Through automated actuators, the SAS adjusts environmental parameters, such as nutrient levels and
water flow, ensuring optimal conditions for plant growth and fish health. Additionally, the SAS employs machine learning algorithms to predict system behavior,
detect anomalies, and provide actionable insights for improved efficiency and productivity. By integrating IoT capabilities, the proposed SAS offers a sustainable
and efficient approach to aquaponic farming, addressing the challenges of traditional methods while promoting environmental stewardship and food security.

INTRODUCTION

Aquaponics, the innovative combination of aquaculture and hydroponics, represents a promising approach to sustainable food production. By
harnessing the symbiotic relationship between fish and plants, aquaponic systems can efficiently utilize resources while minimizing environmental
impact. However, maintaining optimal conditions within these systems poses significant challenges, often requiring constant monitoring and
intervention. The integration of Internet of Things (IoT) technologies presents a transformative opportunity to enhance the efficiency and effectiveness
of aquaponic systems. By leveraging IoT sensors, actuators, and data analytics, a Smart Aquaponic System (SAS) can continuously monitor key
parameters such as water quality, temperature, pH levels, and fish behavior in real-time. This real-time monitoring capability enables proactive
management and precise control of environmental conditions, ensuring optimal growth conditions for both aquatic organisms and plants.

Through the implementation of a Smart Aquaponic System (SAS), we aim to address the inherent challenges of traditional aquaponic farming, such as
labor-intensive monitoring and suboptimal resource management. By providing real-time insights and automated control mechanisms, the SAS offers a
sustainable and efficient solution to enhance food production while minimizing environmental impact. Additionally, the integration of IoT technologies
paves the way for advancements in precision agriculture and promotes the adoption of innovative farming practices in the quest for global food security.

In this , we present the concept of a Smart Aquaponic System (SAS) and explore how IoT technologies can revolutionize aquaponic farming practices.
We discuss the components and functionalities of the SAS, including sensor networks, data transmission protocols, central monitoring systems, and
automated actuators. Furthermore, we examine the potential benefits of integrating machine learning algorithms into the SAS to analyze data patterns,
predict system behavior, and optimize resource utilization.

PROBLEM STATEMENT

Traditional aquaponic farming faces numerous challenges, including the need for constant monitoring, manual intervention, and suboptimal resource
management. These challenges can lead to inefficiencies, reduced productivity, and increased operational costs. Moreover, fluctuations in
environmental conditions can negatively impact the health and growth of both aquatic organisms and plants, ultimately affecting the overall
sustainability of the system.

The lack of real-time monitoring and automated control mechanisms further exacerbates these challenges, making it difficult for farmers to
maintain optimal conditions within aquaponic systems consistently. Additionally, the limited ability to detect and respond to anomalies or deviations
from ideal parameters can result in crop failure, fish mortality, and economic losses.
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Furthermore, as the global demand for sustainable food production continues to rise, there is a pressing need for innovative solutions that can
enhance the efficiency and effectiveness of aquaponic farming while minimizing environmental impact. Traditional methods alone may not suffice to
meet these demands, highlighting the necessity for technological advancements in the field of aquaponics.

Therefore, there is a critical need for the development of a Smart Aquaponic System (SAS) that leverages Internet of Things (IoT)
technologies to address these challenges. Such a system would enable real-time monitoring, automated control, and data-driven decision-making,
leading to improved efficiency, productivity, and sustainability in aquaponic farming practices. By integrating IoT capabilities into aquaponic systems,
the SAS has the potential to revolutionize the way food is produced, contributing to global food security and environmental stewardship.

LETRATURE REVIEW

The use of Raspberry Pi increases the project cost. On another work, implemented IoT based smart aquaponics to a water containing extra
food nutrients utilized by the designed technology as source of nutrition from agriculture ponds. In this system, data was retrieved by the sensors and
the internet assisted to access data transmitted by these sensors in real time with the help of Ubuntu IoT cloud server. The idea of designing and
implementing an intelligent aquaponics systems by and was to reduce electrical energy by integrating solar energy to make their system more
economical and safer, as they produce chemical-free crops. The system used an Arduino UNO, motor pump, relay, servo motor and 12v battery.
Arduino as the control unit, sends signal to LEDs, and if blue LED is ON water motor pump pumps water from fish tank into the aquarium tank but if
red LED is on, servo motor operates, and it enables outlet water flow from hydroponics and sends back clean water into aquarium tank. They found out
that to easily drain the system the solar panel have to rotate along with the sun or a high technology battery should be used to power up the pump. A
report by state that a solar panel was used to power an automated aquaponics system that was implemented by the sultanate of Oman to sustain farming.
It was an economical and environmentally system deployed for local communities of Oman. The units of the system were as follows: (i) a system that
moves water between aquaculture tank and hydroponics beds; (ii) sensors, actuators, and GSM module are connected to microcontroller known as
Arduino to form a system that controls and monitors aquaponics; and (iii) the sunlight was converted into electricity by solar panel to power the entire
system.

PROPOSED METHODOLOGY AND OPERATING PRINCIPLE

FIG 1: Flow chart of smart aquaponic system using IOT

WORKING PRINCIPLE

Aquaponics is a combination of aquaculture and hydroponic (soil-less plant culture) plant growth techniques. It doesn’t require soil or any chemicals to
produce a large amount of fish and vegetables in a small space. In aquaponics, the nutrient-rich water that results from raising fish provides a source
of nutrients (Urea) for the nitrogen-consuming bacteria, which helps to clean the water where the fish live in by breaking down these compounds into
nitrates, which then feed the plants and keeps them healthy.
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Aquaponic is a sustainable agriculture system in a symbolic environment combining aquaculture and hydroponics. An aquaponic system contains fish
in tanks, whose wastewater is pumped to vegetables in grow beds with filter with gravel. The roots take up the nitrates and grow like crazy. The water
returns to the tank, filtered clean. The organic vegetables and fish provides a complete diet, a good thing for an un certain world. This system consists
of arduino uno, Zigbee module, sensor module, LCD as a local display, Central monitoring station, 2-stage rack, pump, hydroponic plants, fishes and
bacteria. Arduino uno control module is composed of 14 digital pins leads out I/O ports.

FIG:2 Smart aquaponic system overview

RESULT AND DISCUSSION

The process starts with raspberry pi sending the commands to WSM and the camera module. After receiving commands, both modules retrieve
the required data and send it back to a raspberry pi. The data is comprised of sensor values and top and side view images of the lettuce crop. Upon
receiving the data, raspberry pi sends it directly to the Google cloud platform, where the first data is stored in a Google sheet, see in below figure.
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FIG 3:Aquaculture base

FIG 4: Water tank

CONCLUSION

In summary, the convergence of IoT technology with aquaponic systems holds immense promise for revolutionizing modern agriculture towards a
more efficient, resilient, and sustainable future. By harnessing the power of data-driven insights and remote management capabilities, smart aquaponic
systems have the potential to drive significant advancements in food production while minimizing environmental impact. Continued research and
innovation in this field are essential to unlock the full potential of IoT-enabled agriculture and ensure its widespread adoption and scalability.

FUTURE SCOPE

The future scope for smart aquaponic systems using IoT is promising, with several avenues for further research, innovation, and implementation.

Overall, integrating IoT into your aquaponic system can enhance productivity, reduce manual effort, and provide greater control and insight into
your operation.
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