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ABSTRACT 
 

Aquaponics, an innovative food production system, integrates aquaculture (raising aquatic animals) and hydroponics 
(growing plants without soil) in a symbiotic relationship, offering a sustainable approach to food production and resource 
recovery [1, 4]. Traditional aquaponic systems often require diligent manual monitoring and intervention, which can be 
labor-intensive and prone to human error. The advent of the Internet of Things (IoT) presents a transformative 
opportunity to enhance aquaponics by enabling real-time monitoring, automated control, and data-driven decision-
making. This review explores the integration of IoT technology into smart aquaponics systems, detailing their design 
principles, key monitoring parameters, and automation capabilities. By leveraging sensors, microcontrollers, and cloud 
platforms, IoT-enabled aquaponics systems can optimize growing conditions, improve resource efficiency, and increase 
overall productivity. This article synthesizes current advancements, highlighting the benefits, challenges, and future 
directions for intelligent aquaponic farming. 

Keywords: Aquaponics, Internet of Things (IoT), Smart Farming, Automation, Monitoring, Sustainable Agriculture, 
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INTRODUCTION 

The global demand for sustainable food production 

methods is escalating due to population growth, 

urbanization, and environmental concerns [1, 3]. 

Traditional agriculture faces challenges such as land 

degradation, water scarcity, and reliance on chemical 

fertilizers and pesticides. In this context, aquaponics has 

emerged as a promising alternative, combining the 

principles of aquaculture and hydroponics into a single, 

integrated system [1, 4]. In an aquaponic setup, fish 

waste provides nutrients for the plants, while the plants 

filter the water for the fish, creating a recirculating, near-

zero-waste ecosystem [1, 4]. This method not only 

conserves water but also reduces the need for synthetic 

fertilizers, making it a highly sustainable and 

environmentally friendly approach to food production [1, 

4]. Its potential for urban farming is also significant, 

allowing for localized food production in densely 

populated areas [3, 17]. 

Despite its inherent advantages, conventional 

aquaponics often requires continuous manual oversight 

to maintain optimal conditions for both fish and plants. 

Parameters such as water pH, temperature, dissolved 

oxygen, and nutrient levels must be regularly checked to 

ensure the health and productivity of the system [5, 6]. 

Manual monitoring can be time-consuming, labor-

intensive, and susceptible to inconsistencies, potentially 

leading to suboptimal yields or even system failures if 

critical parameters deviate significantly. 

The Internet of Things (IoT) offers a revolutionary 

solution to these challenges by transforming traditional 

farming into "smart farming" [2]. IoT involves a network 

of interconnected physical devices embedded with 

sensors, software, and other technologies that enable 

them to collect and exchange data over the internet [2]. In 

agriculture, IoT applications range from precision farming 

and livestock monitoring to automated irrigation and 

environmental control [2]. By integrating IoT into 

aquaponics, it becomes possible to automate critical 

processes, monitor environmental parameters in real-

time, and remotely manage the system, thereby enhancing 

efficiency, productivity, and sustainability [5, 8, 15]. This 

review aims to provide a comprehensive overview of IoT-

enabled smart aquaponics systems, focusing on their 

architectural design, the parameters they monitor, and the 

automation functionalities they offer. 

METHODS 

This article presents a review of existing literature and 

publicly available information concerning the integration 

of Internet of Things (IoT) technology into aquaponics 

systems. The methodology for this review involved 

synthesizing information from the provided references to 

construct a comprehensive overview of smart aquaponics 

design, monitoring, and automation. 

Information Sourcing and Selection 

The content of this review is derived exclusively from the 

references provided. These references encompass a range 
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of scholarly articles, conference proceedings, and 

reputable online resources focusing on aquaponics, IoT 

in agriculture, and specific aspects of smart aquaponics 

system development. The selection of information 

focused on aspects directly related to: 

• The fundamental principles and benefits of 

aquaponics. 

• The role and architecture of IoT in smart farming 

and aquaponics. 

• Specific sensors and parameters used for 

monitoring water quality and environmental conditions. 

• Automated functionalities within aquaponics 

systems (e.g., feeding, water circulation). 

• Examples of fish and plant species commonly 

utilized in aquaponics. 

• Challenges and future directions for IoT-

integrated aquaponics. 

Data Extraction and Synthesis 

Information pertinent to the design, monitoring, and 

automation of IoT-enabled aquaponics systems was 

systematically extracted from each reference. This 

involved identifying key components, operational 

principles, and reported outcomes related to the 

integration of IoT. The extracted data was then 

synthesized thematically to construct the various 

sections of the article. For instance, details on water 

quality parameters were drawn from references 

discussing monitoring systems [5, 6, 13, 15], while 

information on automated feeding came from studies on 

automation [9, 16]. Architectural designs were inferred 

from descriptions of system components and data flow 

[8, 14, 18]. 

Conceptual Framework 

The review adopts a conceptual framework that views an 

IoT-enabled aquaponics system as comprising several 

interconnected layers: 

1. Sensing Layer: Involves various sensors for data 

acquisition (e.g., pH, temperature, dissolved oxygen) [5, 

6]. 

2. Network Layer: Facilitates data transmission 

from sensors to a central processing unit or cloud 

platform (e.g., Wi-Fi, NodeMCU) [8, 13, 14, 15, 20]. 

3. Processing/Cloud Layer: Where data is stored, 

analyzed, and processed, often utilizing cloud services 

like AWS or Blynk [13, 14, 20]. 

4. Application/Actuation Layer: Involves user 

interfaces (mobile apps, web dashboards) for remote 

monitoring and control, and actuators that perform 

automated actions (e.g., pumps, feeders) [9, 16, 17, 18]. 

This framework guided the organization of the "Results" 

section, ensuring a comprehensive coverage of the 

system's functionalities. 

Limitations 

This review is based solely on the provided references and 

does not incorporate a broader systematic search of all 

available literature. Therefore, it may not capture every 

aspect or the most recent advancements in the field. The 

information presented is primarily descriptive and 

qualitative, as detailed quantitative data on system 

performance or experimental results were not 

consistently available across all references. The "Results" 

section, therefore, outlines the capabilities and 

components of such systems as described in the literature, 

rather than presenting new empirical data. 

RESULTS 

The integration of Internet of Things (IoT) technology 

significantly transforms aquaponics into a smart, 

automated, and remotely manageable system. The results 

section outlines the typical architecture, key monitoring 

parameters, and automation functionalities enabled by IoT 

in aquaponics. 

IoT Architecture for Smart Aquaponics 

A typical IoT-enabled smart aquaponics system comprises 

several interconnected components that work in tandem 

to monitor, control, and optimize the environment for fish 

and plants. The core architecture generally includes: 

• Sensors: Various sensors are deployed to collect 

real-time data on critical environmental parameters [5, 8, 

13, 15]. These include pH sensors, temperature sensors 

(for both water and ambient air), dissolved oxygen (DO) 

sensors, and sometimes sensors for ammonia, nitrates, 

and water levels [5, 6]. 

• Microcontrollers/Processing Units: Devices like 

NodeMCU are commonly used as the central processing 

unit, collecting data from sensors and facilitating 

communication [8, 14, 20]. These microcontrollers are 

often equipped with Wi-Fi modules for internet 

connectivity [15]. 

• Communication Network: Data collected by 

sensors is transmitted wirelessly, typically via Wi-Fi, to a 

central server or cloud platform [13, 14, 15]. 

• Cloud Platform/Database: Cloud services (e.g., 

AWS, Blynk) are utilized for storing, processing, and 

analyzing the vast amounts of data collected from the 

system [13, 14, 20]. These platforms enable remote access 

and data visualization. 

• User Interface: A mobile application or web 

dashboard provides users with real-time access to system 

data, historical trends, and remote control capabilities [13, 

14, 15, 18, 20]. 

• Actuators: These are devices that perform physical 

actions based on commands received from the control 
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system. Examples include automated fish feeders, water 

pumps, aerators, and lighting systems [9, 16, 17, 18]. 

Water Quality Monitoring 

Real-time water quality monitoring is paramount for the 

health of both aquatic life and plants in an aquaponics 

system [6]. IoT sensors enable continuous measurement 

of crucial parameters: 

• pH: Maintaining the correct pH level (typically 

between 6.0 and 7.0) is vital for nutrient availability to 

plants and the well-being of fish [6]. Sensors 

continuously monitor pH, and deviations can trigger 

alerts or automated pH adjustment mechanisms [5]. 

• Temperature: Water temperature significantly 

impacts fish metabolism, plant growth, and dissolved 

oxygen levels [6]. Sensors provide continuous 

temperature readings, allowing for automated heating or 

cooling as needed [5]. 

• Dissolved Oxygen (DO): Adequate DO levels are 

critical for fish respiration and beneficial bacterial 

activity [6]. DO sensors monitor these levels, and low 

readings can trigger aerators or pumps [5]. 

• Nutrient Levels: While less common in basic 

systems, advanced setups may include sensors for 

ammonia, nitrites, and nitrates, which are key indicators 

of the nitrogen cycle's efficiency [5]. Plants like Bok Choy 

are effective in reducing nutrients from fish waste [11, 

12]. 

Automated System Control and Management 

Beyond monitoring, IoT facilitates significant automation 

within aquaponics systems: 

• Automated Fish Feeding: IoT-enabled feeders can 

dispense fish food at scheduled intervals or based on 

specific conditions (e.g., detected fish activity), ensuring 

optimal feeding without manual intervention and 

reducing waste [9, 16]. 

• Automated Water Circulation and Aeration: 

Water pumps can be automatically activated or regulated 

based on water level sensors or dissolved oxygen 

readings to maintain optimal circulation and aeration, 

crucial for nutrient distribution and oxygen supply [14, 

17, 18]. 

• Automated Lighting Control: For indoor or 

controlled environments, lighting systems can be 

automated based on plant growth cycles or ambient light 

levels, optimizing photosynthesis [17]. 

• Water Level Management: Sensors can detect low 

water levels and automatically trigger a top-up system, 

preventing stress to fish and plants [18]. 

• Remote Control: The user interface allows system 

owners to remotely adjust parameters, activate 

components, or troubleshoot issues from anywhere, 

providing flexibility and convenience [13, 14, 15, 18, 20]. 

Suitable Species and System Performance 

IoT systems are designed to support a variety of fish and 

plant species suitable for aquaponics. Common fish 

species include Tilapia, Trout, Catfish, and Climbing Perch 

(Anabas testudineus) [10, 12, 20, 21]. Climbing Perch, for 

instance, has shown good performance in aquaponics 

systems, with feeding frequency impacting its growth [12, 

21]. For plants, leafy greens like lettuce, spinach, kale, and 

Bok Choy (Brassica chinensis) are popular choices due to 

their rapid growth and low nutrient requirements [7, 12]. 

Water spinach (Ipomoea aquatica Forssk.) is also a 

suitable choice for protected cultivation [19]. The IoT 

system optimizes the environment for these species, 

ensuring their well-being and maximizing yield [12]. 

DISCUSSION 

The integration of Internet of Things (IoT) technology into 

aquaponics systems represents a significant leap forward 

in sustainable food production. The results demonstrate 

that IoT enables comprehensive real-time monitoring and 

sophisticated automation, addressing many of the 

challenges associated with traditional aquaponic farming. 

Benefits of IoT Integration 

The primary advantages of IoT-enabled smart aquaponics 

systems are multi-faceted: 

• Enhanced Efficiency and Productivity: By 

continuously monitoring critical parameters and 

automating responses, IoT systems ensure optimal 

growing conditions, leading to healthier fish and plants, 

faster growth rates, and increased yields [2]. Automated 

feeding [9, 16] and environmental control [17, 18] reduce 

human error and optimize resource utilization. 

• Resource Conservation: Aquaponics inherently 

conserves water compared to traditional agriculture, and 

IoT further enhances this by precisely controlling water 

levels and circulation, minimizing waste [1, 4]. The 

efficient utilization of fish waste as plant nutrients also 

reduces reliance on external fertilizers [1, 4, 11]. 

• Improved System Stability and Fish Welfare: Real-

time data on water quality parameters like pH, 

temperature, and dissolved oxygen allows for immediate 

detection of anomalies [5, 6]. This proactive monitoring 

enables quick intervention to prevent system crashes, 

maintain fish health, and ensure overall system stability 

[6]. 

• Accessibility and Scalability: IoT makes aquaponics 

more accessible to a wider range of individuals, including 

urban dwellers and those with limited agricultural 

experience [3, 17]. Remote monitoring and control 

capabilities [13, 14, 15, 18, 20] allow users to manage their 

systems from anywhere, facilitating urban farming 

initiatives and potentially enabling larger-scale, 

distributed aquaponic operations. 



FRONTIERS IN EMERGING ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING 
 

pg. 24  

• Data-Driven Decision Making: The continuous 

collection of data provides valuable insights into system 

performance. This data can be analyzed to identify 

trends, predict potential issues, and optimize growing 

strategies over time, moving towards a more precise and 

intelligent form of agriculture [2, 13]. 

Challenges and Future Directions 

Despite the significant advancements, several challenges 

and areas for future development remain for IoT-enabled 

aquaponics: 

• Initial Cost of Implementation: The upfront 

investment in sensors, microcontrollers, and other IoT 

infrastructure can be substantial, particularly for small-

scale or hobbyist systems. Reducing the cost of 

components and developing more affordable integrated 

solutions will be crucial for wider adoption. 

• Technical Expertise: While user interfaces 

simplify operation, setting up and troubleshooting these 

systems still requires a certain level of technical 

knowledge in electronics, programming, and network 

connectivity. User-friendly, plug-and-play solutions are 

needed. 

• Sensor Accuracy and Calibration: The reliability of 

the system heavily depends on the accuracy and 

longevity of the sensors. Regular calibration and 

maintenance are necessary to ensure precise data 

collection, which can be a practical challenge. 

• Connectivity and Power Reliability: IoT systems 

rely on stable internet connectivity. In areas with 

unreliable internet or power supply, maintaining 

continuous operation can be difficult. Solutions like solar 

power integration can address energy concerns [14]. 

• Data Security and Privacy: As more data is 

collected and transmitted, concerns regarding data 

security and privacy arise. Robust security measures are 

essential to protect sensitive information and prevent 

unauthorized access or manipulation of the system. 

• Integration with Advanced Analytics and AI: 

Future developments should focus on integrating 

advanced analytics, machine learning (ML), and artificial 

intelligence (AI) to enable predictive capabilities. This 

could include predicting disease outbreaks, optimizing 

nutrient delivery based on plant growth stages, or even 

fully autonomous problem-solving. 

• Standardization: Developing industry standards 

for IoT aquaponics hardware, software, and data 

protocols would facilitate interoperability and ease of 

development. 

• Scalability for Commercial Operations: While 

promising for small to medium scale, scaling these 

systems for large commercial operations requires robust 

and highly reliable industrial-grade IoT solutions. 

CONCLUSION 

The integration of Internet of Things technology into 

aquaponics systems marks a pivotal advancement in 

sustainable food production. IoT-enabled smart 

aquaponics systems offer unparalleled capabilities for 

real-time monitoring of critical environmental parameters 

and precise automation of essential functions, from fish 

feeding to water circulation. This intelligent approach 

significantly enhances efficiency, conserves resources, 

improves system stability, and makes aquaponics more 

accessible and manageable. While challenges such as 

initial cost and technical complexity need to be addressed, 

the continuous evolution of IoT, coupled with the growing 

demand for sustainable food sources, positions smart 

aquaponics as a vital component of future agricultural 

landscapes. Further research and development in 

advanced analytics, AI integration, and cost reduction will 

unlock the full potential of these innovative systems, 

contributing significantly to global food security and 

environmental sustainability. 
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