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Abstract. The aquaponics system integrates aquaculture and hydroponics in a closed-loop sys-

tem, which is crucial for sustainable agriculture. Precise control of water quality, particularly 

Total Dissolved Solids (TDS) levels, is essential for optimal growth of both fish and plants. Tra-
ditional monitoring methods are manual and prone to errors. This paper presents an intelligent 

aquaponics system that continuously monitors and automatically regulates TDS levels. The sys-

tem incorporates advanced IoT technology for real-time data collection, analysis, and control, 

addressing existing methods' limitations and offering significant efficiency and sustainability im-
provements. 
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1 INTRODUCTION 

Aquaponics combines fish farming and plant cultivation in a symbiotic environment. 

This method leverages the waste produced by fish as a nutrient source for plants, while 

plants help filter and purify the water for fish. Maintaining optimal water quality is 

critical for the health of aquatic life and plant growth. Fluctuations in TDS levels can 

negatively impact both system components, leading to reduced productivity and poten-

tial system failures [1]. Traditional methods of TDS monitoring and adjustment are 

manual and error-prone, necessitating a more reliable solution. The integration of fish 

farming and plant cultivation in aquaponics creates a delicate balance that is essential 

for the health of both components [2]. Maintaining optimal water quality is paramount, 

as fluctuations in Total Dissolved Solids (TDS) can adversely affect fish and plants 

alike. High TDS levels can lead to reduced oxygen availability, which is critical for 

aquatic life, while low levels may hinder nutrient absorption by plants. Therefore, con-

sistent monitoring and management of water quality parameters are necessary to ensure 

the success of the system. Traditional methods of TDS measurement often rely on man-

ual processes, which can be prone to errors and inconsistencies, highlighting the need 

for more advanced solutions. To address these challenges, the implementation of auto-

mated water quality monitoring systems using Internet of Things (IoT) technology has 

gained traction [3]. These systems utilize various sensors to continuously measure key 

parameters such as pH, temperature, and TDS levels, providing real-time data that can 

be accessed remotely. By automating the monitoring process, farmers can receive im-
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mediate alerts when parameters deviate from optimal ranges, allowing for timely inter-

ventions. This technological advancement not only enhances the reliability of water 

quality management but also improves overall productivity and sustainability in aqua-

ponics systems, making them more resilient against potential failures. 

2 PROBLEM STATEMENT   

The aquaponics system operates as a closed-loop setup, where water is continuously 

recirculated throughout the entire system. This design minimizes waste and decreases 

the reliance on external resources. By doing so, it significantly lowers the environmen-

tal footprint associated with conventional farming practices and fosters sustainable food 
production methods [4]. Current aquaponics systems encounter significant challenges 

related to the manual monitoring and regulation of Total Dissolved Solids (TDS) levels. 

These fluctuations in water quality can have detrimental effects on both plant growth 

and fish health, resulting in inefficiencies that compromise the overall productivity of 

the system. When TDS levels are not properly managed, plants may struggle to absorb 

essential nutrients, while fish can experience stress or even health issues due to subop-

timal conditions. This imbalance can lead to reduced yields and, in severe cases, system 

failures that threaten the viability of the aquaponics operation.  

Given these challenges, there is a clear need for more automated and precise solutions 

to ensure consistent water quality and optimal system performance. Traditional manual 

methods of monitoring TDS are often time-consuming and prone to human error, which 

can exacerbate the risks associated with fluctuating water conditions [5]. Implementing 

advanced technologies, such as automated sensors and real-time data analytics, can pro-

vide continuous monitoring of critical water quality parameters. These systems can 

promptly detect deviations from established norms and make necessary adjustments 

automatically, thereby maintaining the delicate equilibrium required for healthy plant 

and fish growth. Without such innovations, aquaponics systems may find it increasingly 
difficult to sustain the ideal conditions that support thriving ecosystems, ultimately hin-

dering their effectiveness as a sustainable food production method [6]. 
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3 PROPOSED SOLUTION  

Our solution involves an intelligent aquaponics system that integrates real-time moni-

toring and automated regulation of TDS levels. The system uses advanced IoT technol-

ogy to continuously track TDS levels and make necessary adjustments automatically. 

This approach reduces manual intervention, minimizes human error, and maintains op-

timal water quality. 

 

 

 

 
Fig. 1. Block Diagram of Aquaponic System 

3.1 Hardware System Overview: 

The intelligent aquaponics system is composed of several key components, including 

sensors, a central control unit, automated motors, and a user interface. The central con-

trol unit consists of ESP 32, Transformers, Voltage, Relays and sensors. Each of these 

elements plays a crucial role in creating an efficient and responsive environment for 

both fish and plants. Sensors continuously monitor critical water quality parameters 

such as Total Dissolved Solids (TDS) and Water level. This real-time data is shown the 

Blynk App, simultaneously the central control unit determines whether any adjustments 

are necessary. Automated motors are integrated into the system to facilitate immediate 

responses to fluctuations in water quality. For instance, if TDS levels exceed the desired 
range, the control unit can activate motors to dilute the water or adjust the nutrient 

supply accordingly. The user interface provides farmers with easy access to system data 

and alerts, allowing them to monitor conditions remotely and make informed decisions. 

This seamless integration of components not only enhances communication and control 

within the aquaponics system but also ensures that water quality remains stable, pro-

moting optimal growth conditions for both aquatic life and plants. By automating these 

processes, intelligent aquaponics systems significantly reduce the risk of human error 

and improve overall operational efficiency. 
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3.2   Software System Overview: 

 
The Arduino Integrated Development Environment (IDE) connects to the Arduino 

boards to upload programs and communicate with them. The microcontroller can be 

programmed by providing it with a set of instructions, and this is accomplished using 

the Arduino programming language and the Arduino (IDE). 

4 SYSTEM DESIGN AND COMPONENTS: 

 

 

                                Fig. 2. Circuit connections of Aquaponic System 

 

4.1 Sensors and Monitoring: 

The system utilizes sensors to monitor TDS levels in real time. These sensors are stra-

tegically placed in the aquaponics system to provide accurate readings. Data from these 

sensors is transmitted to a central control unit via IoT protocols, enabling real-time 

analysis and decision-making. TDS Sensors measure the concentration of dissolved 

solids in the water, providing critical data for maintaining water quality. The TDS      

sensor operates by measuring the conductivity of the water, which correlates to the 

concentration of dissolved solids. This sensor is essential for ensuring that the TDS 
levels remain within the optimal range for both fish and plants. 

4.2 Automated Regulation: 

The system features automated controls that adjust TDS levels based on real-time data. 

These adjustments are made through a feedback mechanism that ensures water quality 

remains within the desired range. Automated pumps and valves can be controlled to 

dilute or concentrate TDS levels by adding fresh water or removing excess nutrients. 

For instance, if TDS levels exceed the desired threshold, the system can automatically 

activate a dilution process by introducing fresh water from a designated reservoir. 
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4.3 User Interface: 

A user-friendly interface allows operators to view real-time data, set parameters, and 

receive alerts. The interface can be accessed via a web application or mobile app, 

providing flexibility and ease of use.  

Real-Time Data Visualization: Users can monitor TDS levels, pH, temperature, and 

other parameters in real time. This visualization is essential for operators to make in-

formed decisions about system management and to quickly respond to any anomalies.  

Alerts and Notifications: The system can send alerts via SMS or push notifications if 

any parameters fall outside the acceptable range. This feature enhances the reliability 

of the system by ensuring that operators are immediately informed of any issues that 

may arise. 

 

                                                                

 

                      

                         Fig. 3. Results of Aquaponic System for Real-Time Monitoring 
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5 ENVIRONMENTAL SUSTAINABILITY  

Aquaponics systems significantly reduce water usage compared to traditional farming. 

By recycling water and nutrients, the system minimizes waste and avoids chemical   

fertilizers. The closed-loop system uses significantly less water than conventional ag-

riculture, making it an ideal solution in regions facing water scarcity. This conservation 

is critical in the context of global water shortages and increasing demand for sustainable 

practices. 

The integration of fish and plants allows for natural nutrient cycling, reducing the need 

for synthetic fertilizers. This not only lowers costs but also minimizes environmental 

impact; by minimizing transportation needs and utilizing local resources, aquaponics 

can contribute to a lower carbon footprint in food production. This sustainability aspect 

aligns with global efforts to combat climate change and promote environmentally 

friendly practices. 

6 CONCLUSION AND FUTURE SCOPE: 

The project has successfully developed and tested a demonstration unit that focuses on 

monitoring Total Dissolved Solids (TDS) and controlling the pumping motor to manage 

PPM levels. Future enhancements will aim to include real-time monitoring of additional 

parameters such as pH, turbidity, and temperature, thereby improving the purification 

processes. By embedding sensor devices within the environment, the system will          

facilitate data collection and analysis, promoting a smart ecosystem that allows for in-

teraction with other connected devices via network capabilities. To ensure users have 

access to valuable insights, the setup will utilize Wi-Fi connectivity for data transmis-

sion. A critical aspect of this initiative is the creation of software designed to effectively 

manage diverse inputs. The overall performance of the system relies heavily on the 

software algorithms implemented within the controller. While current technology is 

adequate for the prototype phase, subsequent efforts will concentrate on refining the 

system into a fully operational model, enhancing its reliability and functionality for 

real-world applications. 
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