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Abstract — Aquaculture plays a significant role in
satisfying the growing global demand for seafood
products. However, maintaining optimal water quality
and ensuring the health of aquatic organisms remain
major challenges for fish farmers. Factors such as
temperature fluctuations, dissolved oxygen levels, pH
imbalance, and water contamination can significantly
affect fish growth and lead to economic losses if not
monitored properly.

Traditionally, aquaculture management relies on manual
monitoring and periodic testing of water quality
parameters. These methods are time-consuming, less
accurate, and often fail to provide real-time insights,
making it difficult to respond quickly to unfavorable
conditions. As a result, there is a need for an automated,
efficient, and reliable system to manage aquaculture
environments.

To address these issues, this project proposes an loT
Enabled Aquaculture Management System that provides
continuous monitoring and intelligent control of water
quality parameters. The system utilizes various sensors to
measure key factors such as temperature, pH, turbidity,
and dissolved oxygen in real time. The collected data is
processed using a microcontroller and transmitted to a
cloud platform through IoT technology.

Based on the sensor data, the system can automatically
control devices such as aerators, water pumps, and
feeding mechanisms to maintain optimal conditions for
aquatic life. In addition, farmers can monitor real-time
data and receive alerts through a mobile application,
enabling remote supervision and timely intervention
when abnormal conditions are detected.

Overall, the proposed system improves -efficiency,
reduces manual effort, enables real-time monitoring, and
enhances productivity in aquaculture operations. By
integrating IoT technology with smart automation, the
proposed solution aims to ensure sustainable fish farming
and maximize yield while minimizing resource wastage.

Key Words: IoT, Aquaculture, Water Quality
Monitoring, ESP32, Smart Fish Feeder, Firebase,
Automation

1.INTRODUCTION

Aquaculture has emerged as one of the fastest-growing
sectors in food production, playing a critical role in
meeting the increasing global demand for fish and other
aquatic products. In countries like India, aquaculture
serves as a major source of livelihood for rural
communities, contributing significantly to food security,
employment generation, and economic development.
With the steady rise in population and declining capture
fisheries, the importance of efficient and sustainable
aquaculture practices has become more prominent than
ever.

Despite its rapid growth, aquaculture faces several
challenges, particularly in maintaining optimal water
quality and ensuring the healthy growth of aquatic
organisms. Key parameters such as temperature, pH,
dissolved oxygen, turbidity, and ammonia levels directly
influence fish metabolism, growth rate, and survival.
Even slight variations in these parameters can lead to
stress, disecase outbreaks, and large-scale mortality,
resulting in significant financial losses for farmers. In
traditional aquaculture systems, monitoring of these
parameters is performed manually, which is time-
consuming, labor-intensive, and often lacks accuracy and
real-time responsiveness.

Conventional methods also fail to provide continuous
monitoring and timely alerts, making it difficult for
farmers to take immediate corrective actions. Delayed
responses to unfavorable water conditions can severely
impact  productivity  and utilization.
Furthermore, manual feeding practices often result in
overfeeding or underfeeding, leading to feed wastage and

resource

water pollution.

Recent developments in loT, sensor technology, and
automation have enabled the development of intelligent
aquaculture management solutions. IoT technology
allows continuous data collection, remote supervision,
and automated control of aquaculture environments. The
integration of sensors, microcontrollers, and cloud
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platforms allows continuous monitoring of water quality
parameters and optimize farm operations with minimal
human intervention.

In this work, an loT-enabled aquaculture management
system is proposed to provide continuous monitoring and
intelligent control of critical water parameters. The
system utilizes multiple sensors to measure temperature,
pH, turbidity, and dissolved oxygen, with data transmitted
to a cloud-based platform for analysis and visualization.
Based on predefined threshold values, automated control
mechanisms regulate aerators, water pumps, and feeding
systems to maintain optimal conditions. Additionally, a
mobile application interface allows farmers to monitor
real-time data and receive instant alerts in case of
abnormal conditions.

By combining IoT technology with smart automation, the
proposed system aims to improve operational efficiency,
reduce manual effort, enhance productivity, and promote
sustainable aquaculture practices.

2. LITERATURE REVIEW

With the advancement of the Internet of Things (IoT),
sensor networks, and smart automation
technologies, aquaculture management systems have
evolved significantly in recent years. Researchers have

wireless

focused on developing intelligent systems capable of
monitoring water quality parameters in real time and
automating farm operations to improve productivity and
sustainability.

Several studies have emphasized loT-based water quality
monitoring systems. For instance, Kumar et al. (2022) [1]
proposed an IoT-enabled framework that uses sensors to
monitor parameters such as temperature, pH, and
turbidity, with data transmitted to a cloud platform for
visualization. Their system provides real-time monitoring;
however, it lacks automated control mechanisms to
respond to changing environmental conditions.
Automation in aquaculture has also been explored to
reduce manual intervention. Zhang et al. (2021) [2]
developed an automated aquaculture system integrating
dissolved oxygen sensors with aeration control. The
system activates aerators when oxygen levels fall below a
threshold, improving fish survival rates. While effective,
the system is limited to a single parameter and does not
consider multiple environmental factors simultaneously.
Cloud-based solutions have further improved remote
accessibility and data analysis. Patel et al. (2023) [4]
introduced a cloud-integrated aquaculture monitoring
system that allows farmers to access real-time data
through mobile applications. The system also provides

alert notifications for abnormal conditions. However, it
primarily focuses on monitoring and lacks intelligent
decision-making for automated control.

Recent research has also explored the integration of
machine learning techniques for predictive analysis. Singh
et al. (2024) [5] proposed a smart aquaculture system that
uses machine learning algorithms to predict water quality
trends and optimize feeding schedules. Although this
approach enhances efficiency, it requires high
computational resources and large datasets for training.

In addition, energy-efficient system design has been a key
research focus. Rahman et al. (2022) [6] developed a low-
power loT-based monitoring system using optimized
sensor sampling and sleep modes to extend battery life in
remote aquaculture farms. Their work highlights the
importance of sustainable and cost-effective system
deployment.

In this work, an integrated loT-enabled aquaculture
management system is proposed that combines real-time
multi-parameter monitoring, automated control of
aeration and feeding mechanisms, cloud-based data
management, and mobile application support. The
proposed system aims to overcome the limitations of
existing solutions by providing a comprehensive, scalable,
and efficient modern

approach  to aquaculture

management.
3. PROPOSED SYSTEM AND METHODOLOGY

The proposed loT-Enabled Aquaculture Management
System operates through a structured process that
integrates real-time sensing, automated control, and
cloud-based communication. The methodology begins
with continuous monitoring of pond water parameters
using pH, turbidity, and temperature sensors interfaced
with the ESP32 microcontroller. These sensors collect
environmental data at regular intervals and transmit it to
the controller for processing. The microcontroller
compares the measured values with predefined threshold
limits to determine whether corrective actions are
required.

When turbidity levels exceed the acceptable range, the
system automatically activates the outlet pump through a
relay module to remove contaminated water. After
draining a specified amount, the inlet pump is triggered to
refill the pond with fresh water, thereby restoring water
clarity and maintaining optimal conditions for fish
growth. Temperature and pH values are continuously
logged and displayed both locally on a 16x2 LCD display
and remotely through a mobile application.

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM58112 |

Page 2


https://ijsrem.com/

2 |
@l@ International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 03 | March - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

For automated feeding, the system uses a Real-Time
Clock (RTC)-based scheduling mechanism integrated
within the ESP32. At predefined feeding times set via the
mobile application, the controller sends step pulses to the
A4988 motor driver, which drives a NEMA 17 stepper
motor connected to a 3D-printed auger mechanism. This
ensures controlled and precise dispensing of fish feed,
minimizing wastage and improving feed efficiency.

All sensor data and system statuses are transmitted via
Wi-Fi to the Firebase Realtime Database, enabling real-
time cloud storage and synchronization. The Android
application developed using Kodular retrieves this data
for remote monitoring and allows users to configure
feeding schedules and system parameters. Additionally,
an ESP32-CAM module provides live surveillance of the
pond environment. Through this integrated methodology,
the system achieves automation, remote accessibility,

Fig.2. 3D-Printed Feeder Mechanism

improved water management, and enhanced overall
productivity in aquaculture operations.
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Fig.3. App Screenshot -Dashboard And Feeder Settings

The system architecture of the proposed loT-Enabled
Aquaculture Management System is designed as an
integrated framework consisting of sensing, processing,
control, and communication layers. At the core of the
architecture is the ESP32 microcontroller, which acts as
the central control unit. The sensing layer includes pH,
turbidity, and DS18B20 temperature sensors that
continuously monitor critical water quality parameters.
' These sensors transmit real-time data to the ESP32, where
Fig.1. Design of IoT-based Smart Fish Feeder Device the values are processed and compared with predefined
threshold levels.

The control layer consists of a 2-channel relay module
connected to inlet and outlet water pumps, enabling
automated water exchange when turbidity exceeds safe
limits. The feeding mechanism is driven by a NEMA 17
stepper motor controlled through an A4988 motor driver.
A 3D-printed auger screw mechanism ensures accurate
and consistent dispensing of fish feed according to
scheduled timings stored in the system.

For communication and remote monitoring, the ESP32
utilizes its built-in Wi-Fi module to transmit sensor data
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to the Firebase Realtime Database. The cloud layer stores
and synchronizes data, allowing users to monitor pond
conditions through a mobile application developed using
Kodular. Additionally, an ESP32-CAM module provides
live video streaming for surveillance of pond activity.
This multi-layered architecture ensures efficient data
acquisition, automated control, remote accessibility, and
enhanced reliability, making the system suitable for
modern smart aquaculture applications.

5. EXPERIMENTAL RESULTS

The experimental evaluation of the proposed loT-Enabled
Aquaculture Management System was carried out to
analyze its performance, reliability, and effectiveness
under real-time aquaculture conditions. The primary
objective of the testing phase was to assess the accuracy
of sensor data acquisition, system responsiveness,
stability of communication, and the efficiency of
automated control mechanisms.

The system was deployed in a controlled aquaculture
setup where multiple sensors were used to continuously
including
temperature, pH, turbidity, and dissolved oxygen. The
sensor readings were recorded at regular intervals and

monitor key water quality parameters,

compared with standard measurement instruments to
verify accuracy. The results indicated that the system
provided consistent and reliable readings with minimal
deviation, demonstrating its suitability for real-time
monitoring.

different
environmental conditions were artificially created by

To evaluate system responsiveness,
varying water parameters. When any parameter exceeded
predefined threshold limits, the system successfully
triggered appropriate control actions such as activating
aerators for low dissolved oxygen levels, switching on
water pumps for circulation, and regulating feeding
mechanisms. The response time of the system was
observed to be minimal, ensuring timely corrective

actions and preventing adverse effects on aquatic life.

The communication performance was also analyzed by
monitoring data transmission from the microcontroller to
the cloud platform. The system successfully uploaded
real-time data to the cloud database without significant
delay or data loss. The mobile application interface was
able to retrieve and display the data accurately, providing
users with continuous remote monitoring capabilities.
Instant alerts and notifications were generated whenever

abnormal conditions were detected, enabling prompt
intervention by the user.

System stability was tested through continuous operation
over extended periods. The system maintained reliable
performance without major interruptions, demonstrating
robustness and suitability for long-term deployment in
aquaculture environments. Additionally, the automated
feeding and control mechanisms contributed to reduced
manual effort and optimized resource utilization.

Overall, the experimental results confirm that the
proposed system operates efficiently and reliably in real-
time conditions. It ensures accurate monitoring, rapid
response to environmental changes, and seamless remote
access. These outcomes demonstrate that the system is a
practical, cost-effective, and scalable solution for
improving productivity and sustainability in modern
aquaculture practices.

6. FUTURE SCOPE

The proposed IoT Enabled Aquaculture Management
System can be further enhanced by integrating advanced
machine learning and data analytics techniques to enable
predictive and intelligent decision-making. By analyzing
historical sensor data, the system can forecast variations
in water quality parameters, detect early signs of fish
diseases, and optimize feeding schedules. This would
help in improving productivity, reducing losses, and
enabling proactive farm management rather than reactive
control.

Further improvements can be achieved by incorporating
additional sensors to monitor parameters such as
ammonia, nitrate levels, and salinity, which play a crucial
role in maintaining a healthy aquatic environment. The
system can also be extended with computer vision
technologies for monitoring fish behavior, growth rate,
and health conditions. Integration of edge computing can
reduce latency and ensure faster response times, making
the system more reliable in remote areas with limited
internet connectivity.

In addition, the scalability and sustainability of the system
can be improved by supporting multi-pond monitoring
with centralized control and advanced data visualization
dashboards. The use of renewable energy sources such as
solar power can make the system energy-efficient and
suitable for off-grid deployments. These advancements
can transform the proposed system into a fully
autonomous and intelligent aquaculture management
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solution, contributing to sustainable and large-scale
aquaculture practices.

7. CONCLUSION

The proposed IoT Enabled Aquaculture Management
System presents an effective and reliable solution for
modern aquaculture practices by integrating real-time
monitoring, automation, and remote accessibility. The
system successfully monitors critical water quality
parameters such as temperature, pH, turbidity, and
dissolved oxygen using sensor-based technology,
ensuring a healthy environment for aquatic organisms. By
continuously tracking these parameters, the system
minimizes the risks associated with manual monitoring
and delayed intervention.

The implementation of automated control mechanisms,
including aerators, water pumps, and feeding systems,
enables timely corrective actions when environmental
conditions deviate from optimal levels. Additionally, the
integration of cloud connectivity and a mobile application
allows farmers to monitor their aquaculture systems
remotely and receive instant alerts, thereby improving
operational efficiency and reducing manual effort. The
experimental results demonstrate that the system
performs reliably with accurate data acquisition, quick
response time, and stable communication.

Overall, the proposed system provides a cost-effective,
scalable, and user-friendly approach to aquaculture
management. It enhances productivity, optimizes
resource utilization, and supports sustainable farming
practices. By leveraging IoT and smart automation
technologies, this system offers a practical solution to
address the challenges faced in traditional aquaculture
and contributes to the advancement of intelligent and
sustainable fish farming systems.
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