¢2f “2x,
8 R
@ﬁy International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Smart Aquaponics and Hydroponics Monitoring System Using
IoT

N.P.V.L.R.C.Sekhar,N.Bhagya Sri,T.Laharika,V.Nitheesh,V.Venu Gopal

Department of Electrical & Electronics Engineering

Sheshadri Rao Gudlavalleru Engineering college, Gudlavalleru, Krishna District,

Pin code-521356, AP.

Keywords ABSTRACT

IoT With the rapid growth in global population and the
Smart Agriculture increasing pressure on agricultural resources, there is a
Aquaponics strong need for ‘ efficient and sustainable‘ farming
Hydroponics solutions. Techniques such as aquaponics and

hydroponics have gained attention as they enable
cultivation without soil while using significantly less
water. However, maintaining stable environmental and

Real-Time Monitoring
Water Quality Sensors

pH Sensor water conditions in these systems requires continuous
TDS Sensor monitoring and precise control.
Turbidity Sensor

DHT11 Sensor
Ultrasonic Sensor
LDR Sensor
Arduino

NodeMCU

Cloud Computing
Automation
Sustainable Farming

© 2026, I)SREM | https://ijsrem.com

This paper presents an IoT-based smart monitoring
system designed to enhance the performance of
aquaponics and hydroponics setups through real-time
sensing and automation. The system employs multiple
sensors, including pH, temperature and humidity
(DHT11), TDS, turbidity, light intensity (LDR),
ultrasonic, and water temperature sensors, to track critical
parameters affecting both plant growth and aquatic
health. The collected data is processed by a
microcontroller and transmitted to a cloud platform for
visualization and remote access.

An automated control strategy is implemented using
predefined threshold values, enabling timely corrective
actions and reducing human intervention. This approach
improves system reliability, minimizes resource wastage,
and ensures optimal growing conditions. Furthermore,
the integration of IoT supports continuous monitoring
and data-driven decision-making, leading to better
productivity and sustainability.The proposed system
offers a cost-effective, scalable, and environmentally
friendly solution, making it suitable for modern
agriculture, particularly in urban and resource-limited
environments.
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INTRODUCTION

Agriculture is undergoing a significant transformation due to rapid population growth,
urbanization, and increasing pressure on natural resources. Traditional farming methods,
which largely depend on soil, large land areas, and abundant water supply, are gradually
becoming insufficient to meet the rising global food demand. Issues such as water scarcity,
soil degradation, climate variability, and limited arable land have made it necessary to
explore alternative and more sustainable agricultural practices. In this context, modern
techniques like aquaponics and hydroponics have emerged as efficient and eco-friendly

solutions for food production.

Aquaponics and hydroponics are soil-less cultivation methods that allow plants to grow
using nutrient-rich water instead of soil. In hydroponics, plants are supplied with essential
nutrients directly through water, while aquaponics combines hydroponics with aquaculture,
where fish waste provides natural nutrients for plant growth. These systems are highly
efficient in terms of water usage, require less space, and can be implemented in urban
environments such as rooftops, greenhouses, and indoor farms. As a result, they are
increasingly being adopted as part of smart agriculture practices aimed at improving

productivity and sustainability.

Despite their advantages, aquaponics and hydroponics systems require precise monitoring
and control of several environmental and water quality parameters. Factors such as
temperature, humidity, pH level, nutrient concentration, water level, and light intensity
play a crucial role in maintaining a balanced ecosystem. Even small deviations in these
parameters can adversely affect plant growth and fish health, leading to reduced yield and
system instability. Traditionally, farmers rely on manual observation and periodic
measurements to maintain these conditions, which can be time-consuming, labor-intensive,

and prone to human error.

To overcome these challenges, the integration of Internet of Things (IoT) technology into
agriculture has gained considerable attention in recent years. 10T enables the connection of
physical devices such as sensors, controllers, and communication modules to collect and
exchange data in real time. By incorporating IoT into aquaponics and hydroponics systems,

it becomes possible to continuously monitor critical parameters and respond promptly to
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any variations. This not only improves system efficiency but also reduces the need for

constant human supervision.

The proposed Smart Aquaponics and Hydroponics Monitoring System utilizes IoT
technology to provide an automated and intelligent solution for managing soilless farming
environments. The system employs a range of sensors to measure important parameters,
including temperature, humidity, pH, turbidity, total dissolved solids (TDS), water level,
and light intensity. These sensors collect real-time data, which is processed by a
microcontroller and transmitted to a cloud-based platform through a wireless
communication module. This enables users to monitor system conditions remotely using a

mobile device or computer.

In addition to monitoring, the system also incorporates automation features that enhance its
functionality. Based on predefined threshold values, the system can automatically control
devices such as water pumps, aerators, and lighting systems. For example, if the water
level drops below a certain limit, the pump can be activated to maintain the required level.
Similarly, if the pH value deviates from the optimal range, corrective actions can be
initiated. This automation ensures that the system maintains stable conditions at all times,

thereby improving plant growth and aquatic life sustainability.

Another important aspect of the proposed system is its ability to provide real-time alerts
and data visualization. The collected data is stored and displayed on a cloud platform,
allowing users to analyze trends and identify potential issues. Notifications can be sent to
the user when any parameter exceeds its safe limit, enabling timely intervention. This data-
driven approach supports better decision-making and helps in optimizing resource

utilization, including water, energy, and nutrients.

The integration of IoT in aquaponics and hydroponics also contributes to sustainable and
eco-friendly farming practices. These systems use significantly less water compared to
conventional agriculture, as water is continuously recycled within the system. Moreover,
the controlled environment reduces the need for chemical fertilizers and pesticides, leading
to safer and healthier food production. By minimizing waste and improving efficiency, the

proposed system supports the development of smart and sustainable agriculture.
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Furthermore, the scalability and flexibility of the system make it suitable for a wide range
of applications. It can be implemented in small-scale home gardens as well as large
commercial farming setups. The use of cost-effective components such as Arduino,
NodeMCU, and commonly available sensors ensures that the system remains affordable
and accessible to a broad range of users. This makes it particularly beneficial for urban

farmers, researchers, and agricultural startups looking to adopt modern farming techniques.

In conclusion, the adoption of IoT-based monitoring and automation in aquaponics and
hydroponics represents a significant step towards the future of agriculture. By combining
real-time data acquisition, intelligent control, and remote monitoring, the proposed system
addresses the limitations of traditional farming methods and provides an efficient solution
for sustainable food production. This work not only enhances productivity and resource
management but also contributes to environmental conservation and food security in the

long term.
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2. LITERATURE SURVEY

In recent years, the integration of smart technologies in agriculture has gained significant
attention, particularly with the adoption of the Internet of Things (IoT). IoT-based systems
have enabled continuous monitoring, automation, and data-driven decision-making in
modern farming practices. Several research works have focused on applying I[oT in
aquaponics and hydroponics systems to improve efficiency, reduce manual effort, and

ensure optimal environmental conditions.

A number of studies highlight the importance of real-time monitoring in hydroponic
systems. Researchers have developed IoT-based platforms where multiple sensors are used
to measure parameters such as temperature, humidity, pH, and light intensity. These
systems transmit data to cloud platforms, allowing users to monitor conditions remotely
and control devices accordingly. Such implementations have demonstrated improved plant
growth and reduced human intervention by automating essential processes like irrigation

and lighting .

Recent advancements have further enhanced these systems by integrating wireless
communication and mobile applications. For instance, modern hydroponic monitoring
systems combine sensor networks with mobile interfaces and cloud services, enabling
users to track plant conditions in real time and respond quickly to environmental changes.
These systems are particularly beneficial for urban farming, where space is limited and

efficient resource utilization is essential .

In aquaponics systems, maintaining water quality is a critical factor for both plant and fish
health. Research has shown that loT-enabled monitoring systems can continuously track
parameters such as pH, temperature, dissolved oxygen, and nutrient levels. These systems
not only monitor conditions but also automate corrective actions, such as adjusting water

flow or oxygen levels, ensuring system stability and improving productivity .

Furthermore, comprehensive review studies indicate that sensor-based monitoring plays a
vital role in smart agriculture. Advanced sensors are capable of measuring
physicochemical properties of water and environmental conditions with high accuracy.
These technologies support precision farming by enabling efficient management of water,

nutrients, and energy resources .
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Another important development in this field is the use of automation and intelligent control
systems. Researchers have proposed systems where microcontrollers such as Arduino or
ESP32 are used to process sensor data and trigger actions automatically. These systems use
predefined thresholds to control devices like pumps, fans, and lights, reducing dependency
on manual supervision. Experimental results from such studies show improved efficiency,

reduced operational costs, and better consistency in system performance .

Recent studies also emphasize the integration of advanced technologies such as image
processing, machine learning, and edge computing in IoT-based farming systems. These
technologies enable predictive analysis, anomaly detection, and improved decision-
making. For example, image-based monitoring systems can assess plant health, while
machine learning algorithms can predict environmental variations and optimize system

performance .

In addition, research on hydroponic systems indicates that maintaining nutrient balance and
pH levels is essential for plant growth. Fluctuations in these parameters can affect nutrient
absorption and overall productivity. Advanced sensing technologies and control
mechanisms have been developed to address these challenges, ensuring stable and

optimized conditions for plant development .

Despite these advancements, several challenges still exist in the implementation of IoT-
based aquaponics and hydroponics systems. High initial cost, system complexity, and
dependency on internet connectivity are some of the common limitations identified in
previous studies. Moreover, many existing systems focus either on monitoring or control,
but not both in an integrated manner. There is also a need for scalable and cost-effective

solutions that can be easily adopted by small-scale farmers and urban growers.

Overall, the literature clearly indicates that loT-based monitoring and automation systems
have the potential to significantly improve the efficiency and sustainability of aquaponics
and hydroponics farming. However, there is still scope for developing systems that are
more reliable, affordable, and capable of providing complete real-time monitoring along

with automated control.

The proposed work aims to address these gaps by developing a smart, integrated system

that combines multiple sensors, cloud connectivity, and automated control mechanisms.
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This approach ensures continuous monitoring, efficient resource utilization, and improved

system performance, making it suitable for modern sustainable agriculture.

3.1 PROBLEM IDENTIFICATION

Aquaponics and hydroponics systems offer efficient alternatives to conventional farming,
but their performance heavily depends on maintaining stable environmental and water
quality conditions. Parameters such as pH level, temperature, humidity, nutrient
concentration, and water level must remain within specific limits to ensure healthy plant
growth and proper aquatic balance. However, achieving this consistency through
traditional methods is challenging.

In most existing setups, monitoring is carried out manually or at fixed intervals. This
approach is not only labor-intensive but also lacks real-time responsiveness. Sudden
changes in environmental conditions often go unnoticed, leading to delayed corrective
actions. As a result, plants may experience nutrient deficiencies, and aquatic life may be
exposed to harmful conditions, ultimately affecting overall productivity.

Another major issue is the absence of integrated monitoring and control systems. Many
systems either focus only on data collection or provide limited automation without
intelligent decision-making. This lack of coordination reduces system efficiency and
increases dependency on human intervention. Additionally, improper resource
management, such as excessive water usage or inefficient nutrient supply, leads to wastage
and higher operational costs.

Furthermore, small-scale farmers and urban growers often face difficulties in adopting
advanced technologies due to high costs and system complexity. There is a need for a
solution that is not only efficient but also affordable and easy to implement.

Therefore, the key problem identified is the lack of a reliable, real-time, and automated
monitoring system that can continuously track critical parameters, provide timely alerts,
and perform necessary control actions to maintain optimal conditions in aquaponics and
hydroponics systems. Addressing this problem is essential for improving productivity,
ensuring sustainability, and reducing manual effort in modern farming practices.

3.2 SCOPE OF THE PROJECT

The scope of this project focuses on the design and implementation of an IoT-based smart
monitoring system for aquaponics and hydroponics environments. The system aims to
continuously observe and manage critical parameters such as temperature, humidity, pH
level, water level, turbidity, nutrient concentration, and light intensity, which directly

influence plant growth and aquatic health.
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This project covers the integration of multiple sensors with a microcontroller and a
wireless communication module to enable real-time data collection and transmission to a
cloud platform. The system provides remote monitoring capabilities, allowing users to
access system data from anywhere through a mobile or web interface. Additionally,
automated control mechanisms are implemented to regulate devices such as water pumps

and lighting systems based on predefined threshold values.

The proposed system is designed to be cost-effective, scalable, and adaptable for various
applications, including small-scale home gardening, urban farming, greenhouses, and
commercial aquaponics setups. It emphasizes efficient resource utilization by reducing

water wastage, optimizing nutrient supply, and minimizing manual intervention.

Furthermore, the project lays a foundation for future enhancements such as integration of
artificial intelligence for predictive analysis, advanced automation for nutrient dosing, and
solar-powered operation for energy efficiency. The system can also be extended to support

larger agricultural networks with centralized monitoring and control.

Overall, the scope of this project is to develop a reliable, user-friendly, and sustainable
solution that supports modern smart agriculture practices and contributes to improved

productivity and environmental conservation.

4. METHODOLOGY & MODELLING

In the current study, the following hardware & software components are used to implement
the actions .

Hardware components
Arduino Mega 2560
NodeMCU (ESP8266)
pH Sensor
TDS Sensor
Turbidity Sensor
DHTI11 Sensor (Temperature & Humidity)
Ultrasonic Sensor (HC-SR04)
LDR Sensor (Light Intensity)
Water Temperature Sensor (DS18B20)

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJ]SREM60887 | Page 8



https://ijsrem.com/

 ay
: IJ?&@ International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Relay Module
16x2 LCD Display
GSM Module
Water Pump Motor
Power Supply Unit

Software components

Arduino uno

Arduino uno IDE

Embedded C Programming
ThingSpeak Cloud Platform
Wi-Fi Communication (ESP8266)
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Fig 2: Block diagram of Smart Aquaponics and Hydroponics Monitoring Using [oT

The proposed Smart Aquaponics and Hydroponics Monitoring System is developed to
provide a reliable and intelligent solution for maintaining optimal conditions in soilless
farming environments. The methodology is structured around continuous sensing, real-
time data processing, wireless communication, and automated control. By integrating these
elements, the system ensures efficient monitoring and management of critical parameters

that directly influence plant growth and aquatic life.

The operation of the system begins with the deployment of multiple sensors within the
aquaponics and hydroponics setup. These sensors are strategically placed to measure
essential environmental and water quality parameters. Temperature and humidity are
monitored using a DHT11 sensor, while the pH sensor is used to determine the acidity or
alkalinity of the water. A TDS sensor measures the concentration of dissolved nutrients,
which is crucial for plant growth. In addition, a turbidity sensor evaluates the clarity of
water, indicating the presence of suspended particles. The ultrasonic sensor is used to
measure the water level in the tank, ensuring that sufficient water is maintained for proper
system functioning. Light intensity is monitored using an LDR sensor, and a water
temperature sensor is employed to track the thermal condition of the aquatic environment.

Together, these sensors provide a comprehensive view of the system’s operational state.

All sensor data is continuously collected and transmitted to the central processing unit,
which is the Arduino Mega microcontroller. The microcontroller plays a vital role in
converting raw sensor signals into meaningful digital values. It performs analog-to-digital
conversion where required and processes the incoming data using programmed logic. Each
parameter is compared against predefined threshold values that represent optimal operating
conditions. This comparison allows the system to detect any deviations in real time. The
ability to analyze data instantly ensures that the system can respond quickly to changes,

preventing potential damage to plants or aquatic organisms.
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To enable remote monitoring and enhance system accessibility, the processed data is
transmitted to a cloud platform using a NodeMCU (ESP8266) module. This module
provides wireless connectivity through Wi-Fi and acts as a communication bridge between
the microcontroller and the cloud. The cloud platform, such as ThingSpeak, stores the
received data and presents it in a graphical and user-friendly format. Users can access this
information through mobile devices or web interfaces, allowing them to monitor system
conditions from any location. This remote monitoring capability eliminates the need for

constant physical presence and supports efficient system management.

In addition to monitoring, the system incorporates an automated control mechanism to
maintain stability. A relay module is used to control external devices such as water pumps
based on sensor readings. For example, when the water level falls below a predefined
threshold, the system automatically activates the pump to refill the tank. Similarly, if other
parameters such as temperature or pH move outside the acceptable range, appropriate
actions can be triggered. This automation ensures that corrective measures are
implemented without delay, reducing human intervention and improving system reliability.
The use of threshold-based control provides a simple yet effective approach to maintaining

optimal conditions.

The modelling of the system highlights the transition from conventional methods to a more
advanced loT-based approach. In traditional aquaponics and hydroponics systems,
monitoring is typically performed manually or with minimal automation. This approach
often results in delayed detection of issues and inefficient use of resources. Manual
monitoring is not only time-consuming but also prone to errors, which can negatively
affect system performance. Furthermore, the lack of real-time feedback makes it difficult

to maintain consistent environmental conditions.

In contrast, the proposed model introduces a fully integrated system that combines sensing,
processing, communication, and control within a single framework. The system follows a
continuous operational cycle. Initially, sensors collect real-time data from the environment
and water. This data is then processed by the microcontroller, where it is analyzed and
compared with predefined limits. The processed information is transmitted to the cloud for
visualization and storage. If any parameter exceeds its acceptable range, the system
automatically initiates corrective actions through the relay module. This closed-loop

operation ensures that the system remains stable and responsive at all times.
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Another important aspect of the proposed modelling is its scalability and adaptability. The
system is designed in such a way that additional sensors or control devices can be easily
integrated without major modifications. This flexibility allows the system to be expanded
for larger applications, such as commercial farming or greenhouse management. Moreover,
the use of cost-effective components ensures that the system remains affordable, making it

accessible to a wide range of users, including small-scale farmers and urban gardeners.

The proposed methodology also emphasizes efficient resource utilization. By continuously
monitoring water quality and environmental conditions, the system minimizes unnecessary
usage of water, energy, and nutrients. Automated control prevents overuse of resources and
ensures that only the required amount is utilized. This not only reduces operational costs
but also supports sustainable farming practices. Additionally, the data collected over time
can be used for further analysis, helping users identify patterns and optimize system

performance.

Overall, the methodology and modelling of the proposed system provide a comprehensive
solution for modern aquaponics and hydroponics farming. The integration of IoT
technology enables real-time monitoring, intelligent control, and remote accessibility,
addressing the limitations of conventional systems. By ensuring stable environmental
conditions and efficient resource management, the system enhances productivity and
reliability. This approach represents a significant advancement in smart agriculture and

offers a practical solution for sustainable food production in both urban and rural settings.

pH: 6.8 TDS: 233 ppm
Temp: 24,6 C Humidity: 70%

Fig3:LCD Display Showing Real-Time Water Quality Parameters
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Hardware Setup

Fig 4:Hardware Setup

Result

The performance of the proposed Smart Aquaponics and Hydroponics Monitoring System
was evaluated by observing real-time sensor data and system response under different
environmental conditions. The system was tested for its ability to accurately monitor
parameters such as temperature, humidity, pH level, turbidity, total dissolved solids (TDS),
water level, and light intensity. The results demonstrate that the system operates reliably

and provides continuous monitoring with minimal delay.

In the initial observations, all sensors were able to capture and transmit data accurately to

the microcontroller. The Arduino Mega successfully processed the sensor inputs and
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displayed real-time values on the LCD screen. Simultaneously, the Node MCU module
transmitted the data to the cloud platform, where it was visualized in the form of graphs.
The cloud interface allowed easy tracking of parameter variations over time, making it

possible to analyze system behavior effectively.

The system was further tested under varying conditions to evaluate its responsiveness.
When the water level dropped below the predefined threshold, the relay module was
activated, and the water pump automatically turned on. Once the desired water level was
restored, the pump was switched off. This confirmed the proper functioning of the
automation mechanism. Similarly, variations in temperature, humidity, and pH levels were
detected promptly, and the system generated alerts when values exceeded the acceptable

range.

The collected data showed stable system performance with minimal fluctuations under
normal operating conditions. The use of IoT technology enabled real-time monitoring and
reduced the need for manual supervision. The system also demonstrated efficient resource
utilization by preventing unnecessary operation of devices such as pumps and reducing

water wastage.

To better understand the effectiveness of the proposed system, a comparison was made

between the conventional monitoring approach and the IoT-based system.

Parameter Conventional System Proposed IoT System
Monitoring Method Manual Automatic (Real-Time)
Accuracy Moderate High
Response Time Delayed Immediate
Resource Usage Inefficient Optimized
Data Accessibility Limited Remote (Cloud-Based)
System Control Manual Automated
Reliability Moderate High

Table 1:Comparative Analysis

5. CONCLUSION
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The Smart Aquaponics and Hydroponics Monitoring System using IoT presents an
efficient and reliable approach for managing soilless farming environments. The system
successfully integrates multiple sensors, a microcontroller, and cloud-based
communication to continuously monitor critical environmental and water quality
parameters. By providing real-time data and automated control, the system ensures that

optimal conditions are maintained for both plant growth and aquatic life.

The implementation of IoT technology enables remote monitoring and reduces the
dependency on manual supervision. The automated control mechanism, based on
predefined threshold values, allows timely corrective actions, thereby improving system
stability and minimizing resource wastage. The results obtained demonstrate that the
proposed system offers higher accuracy, faster response, and better efficiency compared to
conventional methods.In addition to improving productivity, the system promotes
sustainable agricultural practices by optimizing the use of water, nutrients, and energy. Its
cost-effective and scalable design makes it suitable for a wide range of applications,

including urban farming, greenhouses, and small-scale agricultural setups.

Overall, the proposed work provides a practical solution for modern smart agriculture.
Future enhancements may include the integration of artificial intelligence for predictive
analysis, advanced automation for nutrient management, and the use of renewable energy

sources to further improve system performance and sustainability.
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