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ABSTRACT

The integration of Internet of Things (1oT) technologies in aquaculture enhances sustainability, efficiency, and
farmer livelihoods. This study presents an loT-based fish monitoring system using turbidity, temperature, and
depth sensors connected to a cloud platform, with data accessible via mobile application. A 10-day deployment
showed reliable monitoring of water quality and depth. Beyond technical benefits, the system empowers
farmers, improves decision-making, and promotes sustainable aquaculture practices through digitalization. The
system integrates three key sensors-DS18B20 for temperature, turbidity sensor for water clarity, and ultrasonic
sensor for water depth-connected to the ESP8266 Wi-Fi module, which acts as the central controller. Data
from the sensors are processed and displayed on an LCD screen, transmitted to a mobile application for remote
access, and used to control a relay module. The relay operates a 12V fan, supporting water quality
management. This integration ensures real-time monitoring, efficient resource use, and improved aquaculture
sustainability. loT-enabled fish monitoring strengthens aquaculture by improving resource management,
reducing manual oversight, and empowering farmers with timely data, ultimately enhancing sustainability,
resilience, and rural livelihoods in food production.

Keywords— Internet of things( I0T), Aquaculture monitoringWater quality management, Sustainable fish
farming, Real-time data monitoring

INTRODUCTION

Agquaculture continues to expand as a vital contributor to global food security, yet its success hinges on the
effective monitoring of key water quality parameters such as turbidity, temperature, and water level. Manual
monitoring methods are often labor-intensive, reactive, and vulnerable to inaccuracies, highlighting a need for
automated, real-time solutions.

The advent of the Internet of Things (loT) offers a transformative pathway for aquaculture management. By
integrating sensors, microcontrollers, wireless connectivity, and cloud platforms, 10T systems enable
continuous data capture, remote monitoring, and instantaneous response to environmental deviations. Such
capabilities enhance fish welfare, optimize operations, and reduce dependency on manual oversight.

This study introduces an loT-based fish remote monitoring system combining a turbidity sensor, DS18B20
temperature sensor, and ultrasonic depth sensor. The system is powered by an ESP8266 microcontroller for
data processing and Wi-Fi communication, with data streamed to a cloud-based platform. A complementary
Android mobile application (developed in Android Studio) provides real-time data visualisation and alerts. To
validate its functionality, the system was tested in a controlled aquarium over a 10-days period.
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Related Works

The application of 10T in aquaculture has expanded considerably in recent years, with scholars highlighting its
potential to improve water quality monitoring, resource efficiency, and farmer livelihoods [1], [2]. Bibliometric
studies demonstrate the increasing academic and policy focus on loT-driven aquaculture solutions,
emphasizing global interest in sustainable fish production [3], [13]. Despite these advances, adoption remains
uneven, especially in developing countries, where infrastructural limitations, cost concerns, and low levels of
digital literacy hinder implementation [2], [14].

Researchers have developed low-cost monitoring systems using 10T and cloud technologies, allowing small-
scale farmers to track turbidity, dissolved oxygen, and temperature more effectively [9], [14]. Studies also
show that intelligent and automated loT-based systems contribute to higher yields and more efficient feeding
practices, but social acceptance depends heavily on affordability and usability [4], [8]. For example,
participatory research in Nigeria revealed that farmers’ willingness to adopt IoT monitoring depends not only
on performance expectations but also on institutional support and trust in digital tools [4].

Critical reviews of aquaculture digitization highlight governance and data-sharing challenges, particularly
around fragmented standards and limited interoperability [6], [12]. Policy frameworks play an enabling role in
adoption, with environmental monitoring mandates pushing the integration of loT in certain aquaculture
sectors [5], [6]. At the same time, sustainability scholars argue that digital aquaculture must integrate
ecological and social dimensions to ensure long-term resilience [12], [6].

Emerging approaches such as blockchain and AloT are also influencing aquaculture research. Blockchain
combined with 10T can strengthen traceability and transparency in seafood supply chains [10], while AloT
solutions provide predictive analytics for feeding and disease management [7], [15]. Although these
technologies hold promise, their complexity and higher operational costs may exclude small-scale farmers,
reinforcing digital inequalities [7], [11]. Satellite remote sensing integrated with 10T is also being explored as a
complementary approach for large-scale environmental monitoring in aquaculture ponds [11].

Overall, the literature suggests that loT-based aquaculture has strong potential to transform fish farming
through real-time monitoring, automation, and sustainable practices [1], [5], [9], [15]. However, challenges in
cost, governance, training, and inclusivity remain, requiring interdisciplinary approaches that balance
technological innovation with social and economic realities [2], [4], [6], [12].

Research Gap

Despite significant progress, three key research gaps remain. First, most loT-based aquaculture systems
prioritize real-time monitoring but lack predictive and decision-support features, which are critical for
proactive disease prevention and resource management [7], [10], [15]. Second, there is a persistent trade-off
between affordability and accuracy—Ilow-cost solutions increase accessibility but compromise measurement
precision, while high-performance systems remain unaffordable for small-scale farmers [4], [9]. Third, many
studies are limited to short-term laboratory or pilot trials, leaving open questions about long-term reliability,
scalability, and user acceptance in real farming environments [2], [3], [14]. Additionally, while mobile
applications are increasingly adopted, usability and accessibility for farmers in resource-constrained settings
remain underexplored [8], [13]. Addressing these gaps requires the development of loT-based aquaculture
systems that combine low-cost design, predictive analytics, and farmer-friendly interfaces, ensuring
applicability across diverse aquaculture contexts.

METHODOLOGY

The loT-based aquaculture monitoring system was developed to capture and process real-time water quality
parameters. Three calibrated sensors formed the hardware core: a DS18B20 temperature sensor, a turbidity
sensor, and an ultrasonic sensor for water depth. Calibration was critical to ensure accuracy, as even small
deviations in temperature or turbidity readings could compromise fish welfare and lead to poor management
decisions [16].
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These sensors were connected to an ESP8266 Wi-Fi microcontroller, serving as the central processing and
communication hub. Sensor data were processed locally and displayed on an LCD module, while
simultaneously transmitted to a cloud platform for remote access via a mobile application. This hybrid
architecture combined edge-based processing, which provided low-latency responses such as controlling a
relay-operated 12V fan, with cloud-based analytics, which enabled long-term data storage, visualization, and
predictive insights [17] shown in Figure 1.

The methodology also considered the broader environmental implications of 10T adoption in aquaculture.
Real-time monitoring optimizes water and energy use, reducing unnecessary aerator operation and mitigating
greenhouse gas emissions [18]. Moreover, by maintaining stable water quality, the system minimizes fish
mortality and promotes sustainable resource management.

Finally, blockchain integration was conceptualized to enhance supply chain traceability. Sensor data on water
quality, feeding, and farming practices can be securely recorded on blockchain ledgers. Smart contracts
automate compliance, ensuring transparency, preventing fraud, and linking sustainable production practices
with consumer trust[19].

DS18B20 Sensor -
ESP2266

- LCD Dasplay

Mobile Application

—
.
12V Fan

Figure 1 The block diagram of the project

RESULT AND ANALYSIS

This section describes the prototype of the fish farming box developed for the Fish Remote Monitoring
System, together with the Android application that supports user interaction and data visualization. The
prototype integrates essential sensors for monitoring key parameters such as temperature, turbidity, and water
depth, which are transmitted to the mobile application in real time. The Android interface enables farmers to
view current conditions, track historical trends, and receive alerts when parameters fall outside the optimal
range. In addition, compulsory data analysis is incorporated to provide meaningful insights, ensuring effective
decision-making and sustainable fish farming management.

Prototype Design

Figure 2 illustrates the prototype enclosure designed using Tinkercad software. The box is not only intended to
house the sensors but also to ensure their protection and seamless integration. Each component is placed with
careful consideration of spatial arrangement and connectivity. The enclosure provides shielding from
environmental factors while maintaining accessibility for wiring and adjustments. The breadboard and wiring
are systematically organized to reduce clutter and improve efficiency. Overall, the design offers a secure and
well-structured environment for the components that continuously monitor aquaculture conditions.

Figure 2 Prototype illustration box consists of sensors Android Application Development
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DEVELOPMENT OF IOT-BASED FISH MONITORING SYSTEM
FOR AQUACULTURE

Temperature: 25°C
Turbidity: 18 NTU
Depth: 2 cm

Figure 3 Main Page GUI

As shown in Figure 3, the main page of the Android application functions as the central hub for monitoring and
controlling the aquaculture environment. Real-time readings for turbidity, temperature, and water depth are
displayed prominently. The interface is designed with usability in mind, offering intuitive navigation and
responsive feedback. Actuator controls are also integrated, enabling users to toggle two water pumps and a fan,
as well as adjust fan speed. This development stage emphasizes the synchronization between user commands,
the Android interface, and the Arduino firmware, ensuring seamless communication and real-time
responsiveness.

v b7

Turbidity Temperature Depth

. Figure 4 Data History GUI

Figure 4 presents the Data History page, accessible via the “Data History” button on the main page. This
feature provides access to historical sensor data for up to 10 days, enabling trend analysis and informed
decision-making. Implementation involved relational database design, efficient data retrieval mechanisms, and
visualization tools. Each database entry stores timestamped sensor readings (turbidity, temperature, and water
depth), ensuring accurate record-keeping and traceability. This feature enhances system functionality by
supporting long-term monitoring and analysis of aquaculture conditions.
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Hardware Development

Figure 5 Prototype of Fish Remote Monitoring System

Figure 5 depicts the physical prototype setup within the aquarium environment. The aquarium serves as the
testbed for the loT-based Fish Monitoring System, replicating real aquaculture conditions. Within this
environment, sensors are strategically positioned to capture critical parameters such as turbidity, temperature,
and water depth. Actuators, including two water pumps and a fan, are integrated to regulate water circulation
and maintain optimal environmental conditions. The Arduino microcontroller acts as the system’s processing
unit, handling sensor inputs, executing control algorithms, and ensuring communication with the Android
application. This hardware-software integration validates the feasibility of the proposed system in providing
real-time monitoring and control for aquaculture management.

Analysis of Fish Monitoring System

Turbidity NTU
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Figure 6 Graph of Turbidity data taken for 10 days.

The turbidity monitoring over a 10-day period showed relatively stable water quality with only moderate
fluctuations. The average turbidity was 19.1 NTU, with most values between 18-21 NTU, and a modest
standard deviation of 1.76 NTU. This indicates a well-regulated system with limited disturbance, providing a
suitable environment for fish culture. In aquaculture, turbidity is a key parameter since excessive suspended
particles can reduce light penetration, limit primary productivity, and cause stress or gill irritation in fish, while
very low turbidity may indicate poor plankton availability, affecting the natural food chain [20]. The stable
range observed here suggests a balanced aquatic environment that supports optimal fish growth and health.
Moreover, the ability to detect short-term fluctuations, such as the sudden dip to 16 NTU, highlights the
importance of continuous monitoring systems that enable timely interventions to sustain productivity and
reduce risks [21].

30
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Figure 7 Graph temperature against date for 10 days
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The temperature data recorded ranging from 25 °C down to 18 °C before rising to 22 °C, has important
implications for fish aquaculture. Most tropical aquaculture species, such as tilapia and catfish, thrive at 25-30
°C, and the cooling trend observed in this dataset suggests a period of reduced metabolic activity, lower feed
intake, and slower growth. Temperatures below 22 °C often trigger stress responses in warmwater fish,
weakening their immune systems and increasing vulnerability to diseases such as Aeromonas infections. While
cooler water holds more dissolved oxygen, which can be beneficial, sudden fluctuations over a short period
may disrupt fish physiology and water quality management. Farmers may need to adjust feeding rates,
strengthen aeration, and monitor water conditions closely to minimize losses. Overall, the dataset illustrates,
refer to Figure 7, how even short-term changes in temperature can significantly influence fish health, behavior,
and aquaculture productivity [22].

Water Depth (cm)

14.5
14
135
13
12.5
12

Day Day Day Day Day Day Day Day Day Day

1 2 3 4 5 6 7 8 9 10

Figure 8 Graph of Depth vs Date Taken in 10 days

The depth data recorded shows that the aquarium water level remained relatively stable, with only minor
variations between 13.8 cm and 14.2 cm, as depicted in Figure 8. This stability is vital in fish aquaculture
because consistent water depth helps maintain uniform water quality, including balanced dissolved oxygen and
temperature distribution, while also reducing stress on fish. Rapid fluctuations in water level can disrupt these
parameters and negatively impact fish health and growth. The minimal variability in depth suggests effective
monitoring and sound water management practices. Stable water depth also enhances the efficiency of aeration
and feeding systems, providing fish with a reliable and healthy environment. Maintaining such control over
water conditions is therefore essential to reducing disease risk, promoting steady growth, and improving
overall productivity in aquaculture systems [23].

CONCLUSION

This study demonstrates that loT-based aquaculture systems, equipped with calibrated sensors and integrated
with mobile applications, can improve water quality monitoring, fish welfare, and operational efficiency.
Calibration of temperature, turbidity, and ultrasonic sensors ensures accuracy, reducing the risk of errors in
monitoring and supporting sustainable fish farming practices [16,17]. The comparison between cloud and edge
processing revealed complementary strengths: cloud systems facilitate large-scale data storage and analysis,
while edge computing supports real-time, low-latency decision-making [18].

From a broader perspective, 0T adoption offers significant environmental benefits by optimizing resource use,
reducing waste, and preventing overfeeding or poor water management [17]. Furthermore, integrating
blockchain with 10T enhances transparency, prevents fraud, and strengthens trust in the seafood supply chain
by enabling end-to-end traceability [19]. Overall, this approach not only advances technical efficiency but also
fosters sustainability, inclusivity, and resilience in aquaculture practices.
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