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Abstract

The health and productivity of aquatic creatures in aquaculture systems depend on maintaining ideal water

quality conditions. Aquaculture significantly influences seafood production worldwide. Conventional monitoring

techniques can be lengthy, infrequent, and lack the promptness necessary to prevent and alleviate unfavorable

circumstances. This study proposes a novel method for real-time water quality monitoring in aquaculture,

utilizing cloud-based data and Internet of Things (IoT) sensors. Strategically positioned IoT sensors within

aquaculture facilities continuously collect information on key water quality factors such as temperature, pH lev-

els. Real-time monitoring enables aquaculturists to quickly detect deviations from optimal conditions, reducing

the risk of disease outbreaks and aquatic species mortality. Additionally, the system integrates a comprehen-

sive management platform that tracks information on feed, medication, and incidents, stored in a detailed

database. To enhance the development and testing phases, we employed the Wokwi simulator, which allowed us

to simulate and validate the functionality of sensors and actuators before physical deployment. This approach

offered several advantages, including cost-effectiveness by reducing hardware expenses during prototyping and

minimizing risks associated with potential hardware failures in real-world scenarios. The use of the Wokwi

simulator ensured that our IoT solution met performance and reliability standards, laying a solid foundation

for its successful deployment and operation in aquaculture settings.

Keywords: Smart aquaculture, Industry 4.0, IoT, fish monitoring, sustainable development.
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1.1 Introduction

Aquatic organisms, like all living beings, thrive under specific environmental conditions. The growth and health

of aquatic life, and thus the success of aquaculture production, are largely dependent on water quality . Effective

water quality management is one of the most critical challenges in aquaculture, as it directly impacts the health

and growth rate of fish. Ponds with good water quality yield healthier and more abundant fish compared to

those with poor water quality 2%. However,managing water quality in aquaculture is challenging due to the

technical knowledge required to understand and monitor the physio-chemical and biological properties of water,

such as temperature, pH, turbidity, salinity, ammonia, and oxygen levels. This expertise is often not readily

available to fish farmers, especially in developing countries.

Traditional methods of water quality management rely heavily on the farmer 39% ;intuition and periodic testing,

which are labor-intensive and delay response times. Hand-held test kits, while an improvement, still depend on

manual processes and do not fully address the challenges.

Consequently, water quality issues are often detected only after they have negatively impacted the fish stock,

leading to high mortality rates and slow growth, thereby reducing productivity and profitability.

The advent of advanced technologies, such as electronic sensors, embedded systems, smart internet- enabled

devices, automation, and artificial intelligence, offers new opportunities for innovation in agriculture. These

technologies, collectively known as smart agriculture, leverage IoT, machine learning, real-time data collection,

and big data analytics to address longstanding challenges in agriculture and significantly enhance productivity.

Industry 4.0, also called the Fourth Industrial Revolution, consists of the most recent stage of industrialization

in which smart devices are used to ensure the physical-digital connection of the components that make up

the production flow to guarantee a fully optimized and integrated process. Some technological trends in this

phase that can act as key tools for the production of more sustainable food are the Internet of Things (IoT),

artificial intelligence (AI), machine learning (ML), computer vision (CV), and optimized sensors . The feedback

to an automated system of the quantitative values of process’ key parameters, collected using sensors, enables

optimized performance that guarantees a high-quality product .

The review of related works reveals advancements in IoT-based aquaculture, showcasing wireless sensor networks

and smart devices for real-time water quality monitoring. Studies by Yang et al. (2012), Simbeye amp; Yang

(2014), and Liu et al. (2016) highlight the improvements in accuracy and efficiency.

However, these works often lack comprehensive management systems and robust databases, which our research

aims to address by integrating IoT with detailed data management for enhanced decision-making and efficiency

in aquaculture. Additionally, our use of a simulator to test sensors and actuators provides a cost-effective

and risk-free environment for validating the system, ensuring reliability and performance before real-world

deployment.

This research investigates how IoT and smart automation technology can be effectively applied to measure,

monitor, and control water quality parameters in fish farming, and how an IoT-based water quality management

system can improve productivity in aquaculture by reducing fish mortality rates and promoting faster growth.

To address these questions, the main objectives are to design and implement an IoT sensor network and control

module to measure and monitor selected water quality parameters, transmitting the data to a cloud database;
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to develop and implement algorithms to analyze the data and recommend or implement actions using suitable

actuators connected to the system; to test and evaluate the performance of the proposed system; and to integrate

a farm management system to manage and track information on feed, medication, and purchases, using the

collected data to enhance decision-making and operational efficiency.

Additionally, the system includes a comprehensive database that stores detailed information on water quality,

fish health, feed, incidents, and medication. This database not only aids in immediate decision-making but

also serves as a valuable resource for future data analysis and machine learning applications. Furthermore, the

use of a simulator to test the sensors and actuators before actual deployment provides significant advantages,

allowing for troubleshooting and refinement of the system in a controlled environment, thus ensuring reliability

and accuracy in real-world applications.

1.2 Motivation

The Aqualink system offers an innovative solution for aquaculture by harnessing the power of Internet of Things

(IoT) technology. The system provides precise control over the aquatic environment, enhancing productivity,

reducing costs, and minimizing environmental impact.

The system relies on a network of internet-connected sensors that collect data about the aquatic environment,

such as water temperature, oxygen levels, and pH levels. This data is analyzed using AI algorithms, enabling

farmers to gain insights into the health of the fish and the condition of the aquatic environment.

Aqualink helps predict risks such as diseases and fish mortality, allowing farmers to take quick preventive actions.

It also provides accurate and measurable data that enables farmers to make informed decisions to improve fish

farming practices.

1.3 Context and Problematic

Monitoring water quality in aquaculture is a critical challenge. The key parameters for water quality include

temperature, pH, turbidity, and dissolved oxygen levels. These parameters directly impact the health and

productivity of fish. Unregulated changes in temperature or pH, increased turbidity, and decreased dissolved

oxygen levels can stress fish and increase their susceptibility to diseases, significantly reducing productivity.

Traditional water quality monitoring techniques rely on manual methods, which involve periodic data collection

and analysis. These methods have significant limitations, often leading to delays in problem detection and

decision-making. Moreover, these methods require considerable time and effort from skilled labor, which may

be scarce in some instances[1].

Given these challenges, there is a pressing need to adopt automated and continuous solutions for water qual-

ity monitoring in aquaculture. Internet of Things (IoT) technologies offer effective solutions to this problem,

enabling real-time, continuous monitoring of water quality and providing accurate, instant data that supports

swift and effective decision-making. By adopting these technological solutions, fish health can be significantly

improved, and productivity can be increased, enhancing sustainability in the field.
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1.4 Theoretical background

Aquaculture, or aquafarming, is a vital agricultural sector that significantly enhances global food supplies by

cultivating fish, shellfish, mollusks, and aquatic plants in controlled environments or in seas and ponds. The

origins of this practice date back to ancient times, and while aquaculture techniques have evolved over time,

they still face significant challenges, especially in the absence of advanced technology. To address these chal-

lenges, the integration of modern technology into aquaculture is essential. Such technologies provide solutions

for effective monitoring and management of aquatic environments, predicting potential issues, and resolving

them proactively. This integration enhances productivity and sustainability, ensuring the health and growth of

aquatic organisms[2].

With a growing emphasis on environmental conservation and sustainable development, there is increasing in-

terest in smart aquaculture methods. Smart aquaculture, the farming of aquatic organisms using intelligent

systems, offers remarkable opportunities for research and innovation. These systems leverage a variety of ad-

vanced technologies, including sensors for water quality monitoring, actuators for controlling environmental

systems, communication gateways for data transfer, and cloud-based analytics platforms for data analysis and

decision-making. This interactive and dynamic approach allows for real-time monitoring and automatic adjust-

ment of environmental conditions, significantly improving productivity and efficiency.[3].

Smart aquaculture leverages a variety of advanced technologies, including sensors to monitor water quality,

actuators to control environmental systems, communication gateways to transfer data between devices and the

cloud, and cloud-based analytics platforms to analyze data and make decisions. This interactive and dynamic

approach allows for the real-time monitoring and automatic adjustment of environmental conditions, signifi-

cantly improving the productivity and efficiency of aquaculture systems[4].

Smart aquaculture holds strategic importance in addressing growing food challenges and meeting the needs of

the increasing global population, as providing pure and renewable food sources is vital for sustainable develop-

ment. This article provides an overview of the evolution of smart aquaculture, highlighting its economic and

environmental significance, supported by recent research and scientific references in the field.[5]

1.4.1 Smart Aquaculture

Smart aquaculture refers to the application of advanced technologies such as sensors, data analytics, and au-

tomation in the farming of aquatic organisms like fish, crustaceans, and mollusks. These technologies enable

real-time monitoring and control of various parameters such as water quality, feeding regimes, and environ-

mental conditions, thereby optimizing production efficiency, reducing resource wastage, and enhancing sustain-

ability[6]. In smart aquaculture systems, sensors are deployed throughout aquaculture facilities to collect data

on parameters such as water temperature, pH levels, dissolved oxygen, and ammonia levels. This data is then

transmitted to a centralized system where it is analyzed in real-time. Based on this analysis, automated systems

can adjust factors like water flow, oxygenation, and feeding schedules to maintain optimal conditions for the

health and growth of the aquatic organisms. The integration of data analytics allows for predictive modeling

and optimization of production processes, enabling farmers to make informed decisions to maximize yields while

minimizing environmental impact. Additionally, smart aquaculture systems often utilize remote monitoring and

control capabilities, allowing farmers to manage their operations from anywhere with an internet connection.

smart aquaculture represents a cutting-edge approach to aquaculture management that leverages technology to
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improve productivity, sustainability, and profitability in the farming of aquatic organisms[7].

Figure 1: Aquaculture Farm[8].

1.4.2 Definition

Smart aquaculture is the application of advanced technologies and systems to make the cultivation of aquatic

organisms more efficient and sustainable[9]. The goal of smart aquaculture is to improve the management of

water and environmental resources, increase productivity, reduce risks, and enhance environmental sustainabil-

ity. This includes the use of technologies such as:

Internet of Things (IoT):

Utilizing internet-connected sensors and tools to collect real-time data on water quality, temperature, oxygen

levels, and fish health.

Big Data and Data Analytics:

Employing big data analytics to analyze trends and patterns and provide accurate forecasts that assist in mak-

ing informed decisions regarding farm management.

Robotics and Automation:

Using robots and automation to perform routine tasks with precision and efficiency, such as feeding, cleaning,

and monitoring[10]. Remote Control and

Software Management:

Managing and monitoring fish farms remotely using advanced software that provides user-friendly interfaces

and comprehensive real-time information.

Sustainable Energy:

Utilizing renewable energy sources and energy-efficient systems to reduce the carbon footprint of aquaculture.

Integrated Production Systems: Integrating different production systems such as aquaponics, which combines

fish farming and plant cultivation in an integrated system that enhances sustainability [11].

1.4.3 History of smart aquaculture

Smart aquaculture, also known as fish farming, is the cultivation of aquatic organisms such as fish, crustaceans,

mollusks, and aquatic plants. It has a long and varied history that dates back thousands of years. Below is an

overview of the history of aquaculture[12]:

Ancient Beginnings:
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Early Practices: The earliest known instances of aquaculture can be traced back to ancient China around

2500 BCE, where the farming of carp was practiced. The Chinese were the first to document techniques for

breeding fish and managing ponds.

Egypt and Rome: In Egypt, records from around 2000 BCE indicate the use of aquaculture for raising tilapia.

The Romans also engaged in aquaculture, particularly in coastal lagoons and ponds, to cultivate oysters and

fish[13].

Middle Ages and Renaissance:

Europe: During the Middle Ages, Europe saw the rise of monastic fish farming, particularly in ponds con-

structed by monks to provide a steady supply of fish for religious feasts and fasting periods.

Japanese Innovations: In Japan, aquaculture practices developed in the 8th century with the cultivation of

seaweed, carp, and other fish species in controlled environments.[14]

19th and 20th Centuries:

Modern Aquaculture: The modern era of aquaculture began in the 19th century with advancements in breeding

techniques and the establishment of hatcheries. Notably, the first modern fish hatchery was established in 1853

in the United States.

Technological Advances: The 20th century saw significant technological advancements in aquaculture, including

the development of artificial feeds, disease control methods, and the intensification of production systems[15].

Contemporary Aquaculture

Global Expansion: Aquaculture has expanded globally, becoming a significant contributor to food security

and the global economy. Today, major producers include China, Southeast Asia, Norway, and Chile.

Sustainability Challenges: Contemporary aquaculture faces challenges such as environmental impact, sustain-

ability, and the need for improved management practices to ensure the health of aquatic ecosystems and com-

munities.[16]

1.4.4 Benefits of smart Aquaculture

The role of smart aquaculture encompasses several crucial aspects that positively impact the aquaculture in-

dustry and the surrounding environment[17]. Here are some key roles of smart aquaculture:

• Increased productivity: Smart aquaculture helps to enhance resource utilization efficiency and improve

production processes, leading to increased farm productivity and the provision of more food resources[76].

• Cost reduction: Through the use of technology and automation, production costs can be reduced, and

resource management efficiency can be improved, contributing to greater profits for farmers.

• Product quality improvement: Smart aquaculture helps maintain product quality and safety through con-

tinuous monitoring of the fish farming environment and the implementation of effective health measures.

• Environmental sustainability: Smart aquaculture promotes environmental sustainability by reducing the

environmental impact of production operations and improving water resource management.
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• Providing a conducive environment for marine life: Smart aquaculture contributes to providing a suit-

able and sustainable environment for marine life, helping to protect biodiversity and conserve endangered

species[18].

• Enhancing food security: Smart aquaculture contributes to providing reliable and sustainable food sources,

thus enhancing food security at both local and global levels[18].

1.4.5 Smart Aquaculture Technologies

The future of smart aquaculture holds tremendous promise for addressing many challenges faced by the aqua-

culture industry. Here are some key aspects of its future:[19][24]

Advanced Monitoring and Data Analytics:

Precision aquaculture will heavily rely on advanced monitoring technologies such as sensors, underwater cam-

eras, and drones to collect real-time data on water quality, fish behavior, and environmental conditions. This

data will be analyzed using artificial intelligence and machine learning algorithms to optimize feeding regimes,

detect diseases early, and improve overall farm management practices[19].

Figure 2: Diagram of Smart Aquaculture System Using monitoring technique [20].
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Automation and Robotics: Automation will play a significant role in precision aquaculture, with the de-

velopment of robotic feeders, autonomous underwater vehicles (AUVs), and automated sorting systems. These

technologies will help reduce labor costs, improve efficiency, and minimize human intervention in fish farms[21].

Integrated Farm Management Systems:Smart aquaculture will integrate various farm management sys-

tems, including feeding systems, water treatment systems, and environmental control systems, into a unified

platform. This integrated approach will enable farmers to monitor and control all aspects of their operations

from a single interface, improving efficiency and productivity.

Figure 3: Block diagram of the smart aquaculture systems[22].

Closed-Loop Systems and Recirculating Aquaculture: Closed-loop systems, such as recirculating

aquaculture systems (RAS), will become more prevalent in precision aquaculture. These systems recycle water

and waste, minimizing environmental impacts and reducing the risk of disease outbreaks. They also allow for

more precise control over water quality parameters, leading to higher stocking densities and increased produc-

tion yields.

Decision support systems: These systems can use data from sensors and other sources to provide farm-

ers with real-time insights into the health of their fish and the performance of their aquaculture operation.

1.5 Objectives

The main objective of this thesis is to design and implement an IoT-based water quality management system for

aquaculture that can significantly improve productivity by reducing fish mortality rates and promoting faster

growth. The specific objectives are:

1. Design and Implementation of an IoT Sensor Network: - Develop a network of IoT sensors and control

modules to measure and monitor key water quality parameters such as temperature, pH, turbidity, salinity,

ammonia, and oxygen levels. - Ensure reliable data transmission from sensors to a centralized cloud database.

2. Use the analysis to recommend or automatically implement actions through connected actuators, adjusting

PH levels.

3. Testing and Evaluation: - Conduct comprehensive testing of the IoT system to evaluate its performance in

real-world aquaculture environments. - Utilize a simulator for initial testing of sensors and actuators to validate
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the system in a cost- effective and risk-free manner, ensuring reliability before deployment.

4. Integration of Farm Management System: - Integrate a comprehensive farm management system to track

and manage feed, medication, incidents, and overall health of the fish. - Develop detailed database tables to

store and organize data, enhancing decision-making and operational efficiency.

1.6 Outline of the Thesis

This Thesis is structured in 6 chapters:

Chapter02:

This chapter provides an overview of smart aquaculture, including its definition, benefits, and significance. It

discusses how smart aquaculture has evolved into a crucial component of global food production and economic

activity, tracing its origins back to ancient civilizations. The chapter outlines the process of cultivating various

aquatic organisms in controlled environments and emphasizes the importance of precise control over environ-

mental factors for the success of smart aquaculture. Furthermore, it highlights the role of aquaculture and

smart aquaculture in providing high-quality protein-rich food sources, contributing to food security, generating

income and employment opportunities, and preserving the aquatic environment.

Chapter03:

This chapter discusses the importance and evolution of Internet of Things (IoT) technology and its numerous

benefits in various fields, such as improving efficiency, reducing errors, enhancing remote control, and fostering

innovation. The chapter also explores the role of IoT in improving water quality in aquaculture, and how sensor

devices and data analysis can be used to enhance aquatic environmental conditions and promote the success of

aquaculture. In general, this chapter provides a comprehensive overview of Internet of Things technology and

its growing impact on many aspects of our lives.

Chapter04:

This chapter provides an overview of the use of Internet of Things (IoT) technology in aquaculture. It discusses

the benefits and potential applications of IoT in this field, and reviews some relevant studies that illustrate how

IoT is used to improve aquaculture practices.

This chapter also discusses the design that illustrates the program’s operation principle, providing a detailed

explanation of its creation process and the tools used in its development.

Chapter05:

General Conclusion: The chapter’s conclusion emphasizes the importance of the smart system in aquaculture.

It highlights some key points that have been emphasized.

9



1 GENERAL INTRODUCTION

Chapter 02

2 Smart Aquaculture and IOT
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2 SMART AQUACULTURE AND IOT

2.1 Internet of Things (IoT)

In our current era, the Internet of Things (IoT) is considered one of the most impactful technological advance-

ments on daily human life and operations. This technology has brought about a transformation in how things

communicate with each other, enabling remote control and monitoring of objects by connecting them to the

internet. The benefits of IoT extend to accelerating various industrial and commercial processes, organizing

them, enhancing efficiency, reducing errors, and making them more accessible.[23]

The Internet of Things represents a technological revolution that is key to the future of computing and com-

munications.[24] The term "Internet of Things" first emerged in 1997 in a report issued by the International

Telecommunication Union (ITU) titled "Challenges to the Network." However, credit for coining the term is

attributed to Kevin Ashton in 1999 in an RFID Journal article.

Imagine a world where network-connected devices communicate with each other and share information about

the physical world via the Internet.

In 2005, the name "Internet of Things" was officially adopted. Soon, this term came to refer to a vast network

of physical devices embedded with sensors and communication devices that enable the collection, processing,

and wireless transmission of data.

The Internet of Things represents a revolution in how we interact with the world around us. It opens the door

to tremendous possibilities in areas such as:

Smart Control: Remote control of devices and equipment, such as lighting, heating, and ventilation systems.

• Monitoring: Surveillance of environmental conditions, such as temperature and humidity levels.

• Data Collection: Gathering data from various sources and analyzing it to make better decisions.

• Automation: Automating repetitive tasks, such as turning on lights or operating home appliances.

• Innovation: Stimulating innovation in various fields, such as healthcare, transportation, and manufactur-

ing.

The Internet of Things is one of the most significant technological developments in our current era. It is changing

the way we live, work, and interact with the world around us. While this technology is still in its early stages

of development, its potential is vast and promising[23][7].

IOT is a technology that enables various objects to communicate and interact intelligently and seamlessly,

opening the door to multiple applications that contribute to improving daily life, enhancing efficiency, and

fostering innovation in a wide range of fields.[25]

2.1.1 Definition

The Internet of Things (IoT) is a revolutionary technology that embeds physical devices with sensors and soft-

ware, enabling them to connect and interact with each other and the internet.

According to the Oxford English Dictionary, IoT represents "a proposal for extending the Internet beyond

conventional devices by embedding chips and sensors into everyday objects and allowing them to communicate

with one another and exchange data" ([Oxford University Press, 2018]). IoT goes beyond a mere technical

definition; it embodies a profound transformation in how we interact with the world around us. It bridges the

physical and digital worlds, allowing us to collect, analyze, and understand data in unprecedented ways. IoT
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relies on four fundamental pillars: devices, connectivity, data, and analytics. Devices generate vast amounts of

data that are used to understand their characteristics and interactions with the surrounding environment. This

data is then analyzed using artificial intelligence techniques to extract valuable insights and make intelligent

decisions.

IoT is revolutionizing various fields, including healthcare, smart cities, industry, agriculture, and smart homes.

Despite its immense potential, IoT faces challenges such as security, privacy, interoperability, and standardiza-

tion.

2.1.2 The principle of Internet of Things (IoT)

The principle of operation of an Internet of Things (IoT) engine relies on integrating smart devices with their

surrounding environment and with each other through the internet or other wireless networks. The primary

goal of an IoT engine is to collect, analyze, and utilize data for making intelligent decisions or executing specific

activities based on this data.

To achieve this goal, physical devices are equipped with a set of sensors, controllers, and communication modules

that enable them to gather data from their surrounding environment. This data is then sent to a cloud platform

or server for storage and processing using advanced data analysis techniques such as artificial intelligence and

machine learning.

After the data is processed, intelligent decisions are made or specific commands are executed.

In general, the principle of operation of an IoT engine relies on communication between connected devices and

gathering data from their surrounding environment, processing this data for insights and analytics, and using

this information to make intelligent decisions or execute specific commands automatically[26].

Figure 4: diagram explaining the working principle of (IoT)

2.1.3 Characteristics of Effective IOT

Effective IoT systems go beyond just connecting devices. Here are some key characteristics that define a well-

designed IoT system:
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• Connectivity:

The foundation of any IoT system is reliable and secure data exchange between devices. This involves

choosing appropriate communication protocols (WiFi, Bluetooth, cellular) that ensure data integrity and

encryption for protection against cyber threats.[27]

• Interoperability: Standardized Protocols Effective IoT systems enable devices from different manufac-

turers to communicate seamlessly. This requires adherence to standardized data formats and communi-

cation protocols to ensure devices can understand each other’s data.

• Scalability: As the number of connected devices increases, the system should be able to handle the

growing data volume and network traffic. Scalable architectures ensure efficient resource allocation and

maintain performance even with a significant rise in connected devices.It means that IoT devices should

be designed so that they can be easily scaled up or down according to demand.

• Security: Security is paramount in IoT. Measures like secure device authentication, data encryption

throughout its lifecycle (at rest, in transit), and robust intrusion detection mechanisms are crucial to

safeguard against cyberattacks.

• Data Management: The true value of IoT lies in its data. Effective systems enable real-time data

processing and analysis to extract meaningful insights. This can involve edge computing (processing data

at the device level) for faster response times and efficient use of cloud resources.

Figure 5: Characteristics of IOT
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2.1.4 Type of IOT:

The world of IoT can be vast, and there are different ways to categorize its types. For example, we adopt this

method:

• By Application Domain:

– Consumer IoT (CIoT): This category focuses on devices used by individuals in everyday life. Exam-

ples include smart speakers, fitness trackers, smart thermostats, connected appliances, and wearable

tech.

– Industrial IoT (IIoT): Also known as the Industrial Internet of Things, this domain involves inter-

connected devices used in industrial settings. Examples include sensors for monitoring machinery

performance, predictive maintenance systems, asset tracking in logistics, and industrial automation

equipment.

– Commercial IoT: This category encompasses applications in various commercial sectors like health-

care, retail, and transportation. Examples include smart building management systems, connected

medical devices for remote monitoring, and intelligent inventory management in retail.

– Infrastructure IoT (IIoT): This focuses on interconnected devices used to manage critical infrastruc-

ture like power grids, water distribution systems, and transportation networks. Examples include

smart meters for energy management, traffic management systems, and environmental monitoring

sensors.

• By Functionality:

– Monitoring and Sensing: These devices collect data from the environment, such as temperature,

pressure, or motion. Examples include environmental sensors in agriculture, wearables for health

monitoring, and security cameras.

– Control and Automation: These devices can influence their surroundings based on collected data or

user commands. Examples include smart thermostats that adjust temperature, automated watering

systems in agriculture, and connected lighting systems.

– Identification and Tracking: These devices help track the location or status of objects or people.

Examples include asset tracking tags in logistics, RFID tags for inventory management, and GPS

trackers for vehicles.

– Connectivity and Communication: These devices facilitate communication between different parts

of an IoT system. Examples include gateways that connect devices to the cloud, routers for data

transmission, and communication modules within devices.

– Understanding these classifications can help you identify the specific types of IoT devices and appli-

cations relevant to your interests

2.1.5 Requirement of IOT:

The basic requirements for successful implementation of the Internet of Things (IoT) are:
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Meeting Dynamic Resource Demand: The Internet of Things (IoT) is characterized by a vast number

of connected devices that require dynamic resources, such as bandwidth, data processing, and storage. The

IoT infrastructure must be adaptable to these changing requirements, ensuring smooth and timely provision of

necessary resources[28]

Responding to Real-Time Needs: Many IoT applications require real-time data processing and analysis,

such as monitoring and control systems. The IoT infrastructure must be able to meet these requirements,

providing high responsiveness and reducing latency.

Accommodating Exponential Growth of Demand: A tremendous increase in the number of devices con-

nected to IoT networks is expected in the coming years. The infrastructure must be scalable to meet this rapid

growth, ensuring continued efficient service delivery.

Providing Suitable Applications: The success of IoT relies on the availability of applications that meet

users’ needs in various fields such as healthcare, agriculture, and manufacturing. Emphasis should be placed

on developing innovative applications that add value to users and contribute to problem-solving and efficiency

improvement.

Ensuring Data Protection and User Privacy: Data security and user privacy are major concerns in IoT,

given the handling of vast amounts of sensitive data. Best security practices must be followed to protect data

from unauthorized access and cyber attacks, while ensuring compliance with laws and regulations regarding

user privacy.

Improving Power Consumption Efficiency: Efficient energy consumption is essential to ensure the sus-

tainability of IoT projects, especially with the proliferation of battery-powered embedded devices. Devices,

software, and applications should be designed and implemented in a way that conserves and reduces energy

consumption.

Executing Applications Near End Users: In some cases, IoT applications require data processing and

analysis near end users to reduce latency and improve performance. This can be achieved through the use of

decentralized cloud computing or edge computing technologies.

Access to an Open and Interoperable Cloud System: The IoT system should be compatible with various

cloud platforms and allow open access to data. This facilitates easy integration between devices and applica-

tions, preventing reliance on a single cloud provider.

In another study, there are three fundamental components required for seamless IoT computing:

Hardware: This is the physical foundation of the IoT system, where various devices like sensors, actua-

tors, cameras, and communication modules capture and exchange data.

Middleware: This acts as the brain of the operation. It provides storage, processing power, and analytical

tools to handle the data collected by the hardware. Cloud computing and big data analytics capabilities often

come into play here.

Presentation: This is all about making sense of the data. User-friendly visualization and interpretation tools

are crucial for presenting the information in a way that’s easily understandable depending on the application.

15



2 SMART AQUACULTURE AND IOT

2.1.6 Architecture of IOT

The interconnectedness of the objects in the network is a crucial prerequisite for the Internet of Things. IoT

system architecture, which links the real and virtual worlds, must ensure IoT’s functionality. Networking,

communication, procedures, and other elements are all part of the design of an Internet of Things architecture.

When creating the architectural design of IoT, device operability, scalability, and extensibility should all be taken

into account. IoT design needs to be flexible in order to enable dynamic device interaction and communication

since objects may move and must communicate with one another in real-time. Furthermore, IoT ought to be

varied and decentralized[29].

In this Internet of Things architecture system consists of main components:

• Sensors:

Sensors are a fundamental part of Internet of Things (IoT) systems, collecting data from the surrounding

environment and converting it into signals that can be processed and analyzed by intelligent systems.

[30]presents more information about sensors:

Temperature Sensors: Used to measure the ambient temperature. They operate using materials that

change their electrical properties with temperature variations, such as electronic thermometers.

Dissolved Oxygen Sensors: Measure the amount of dissolved oxygen in water, which is a key indicator

of water quality. They rely on electrochemical or optical techniques.

Humidity Sensors: Measure the level of humidity in the air or soil. They use sensing materials that

change their electrical resistance with humidity changes.

Pressure Sensors: Measure atmospheric pressure or the pressure within fluids and gases. They depend

on materials that alter their resistance or capacitance with pressure changes.

Motion Sensors: Detect movement and acceleration, used in security, surveillance, and wearable devices.

They use technologies such as gyroscopes and accelerometers.

• Actuators: In the Internet of Things (IoT), actuators play a crucial role in controlling processes and

devices based on data collected from sensors. Actuators are used to execute specific actions based on

the analytics and decisions made by the system. For example, in an environmental monitoring system,

IoT actuators can adjust water flow or operate ventilation systems based on data received from sensors

to maintain specific environmental conditions. This ability to control and direct automated processes in

response to collected data enhances system efficiency and enables smart interaction and control of the

surrounding environment[31].

• Communication Gateways: In the realm of the Internet of Things (IoT), communication gateways

serve as essential intermediaries, facilitating the seamless exchange of data between IoT devices and

the cloud. These gateways act as bridges, translating and transmitting data from various devices to

centralized cloud servers where it can be stored, processed, and analyzed. By leveraging protocols such as

MQTT, HTTP, or CoAP, communication gateways ensure reliable and efficient data transfer, even across

heterogeneous networks with diverse devices and protocols. This enables real-time monitoring, analysis,

and control of IoT systems, empowering businesses and organizations to make informed decisions based

on timely insights derived from IoT-generated data[32].
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• Cloud: In the realm of the Internet of Things (IoT), the cloud serves as a central hub where data is stored

and processed, enabling analysis and informed decision-making. IoT systems collect vast amounts of data

from various devices, which is then transmitted to the cloud for storage and subsequent processing. This

allows for comprehensive data analysis and the application of machine learning and artificial intelligence

techniques to extract insights and generate predictions. With the cloud’s ability to efficiently process

data and provide massive resources, IoT systems can enhance their decision-making capabilities based on

accurate data and comprehensive information processed in the cloud.

• User Interface: the user interface plays a crucial role in enabling users to interact with the system and

monitor its status. This interface serves as a bridge between humans and IoT devices, allowing users to

access and control connected devices, as well as receive real-time updates and insights into the system’s

performance. Whether through web-based dashboards, mobile applications, or voice-activated assistants,

the user interface provides intuitive and user-friendly ways for individuals to manage and engage with IoT

systems. By facilitating seamless communication and interaction, the user interface enhances the usability

and accessibility of IoT technology, empowering users to make informed decisions and effectively manage

their connected environments.

• Functions: In IoT, functions refer to the operations performed by the system, which include collecting

and analyzing data to automatically control the environment. These functions involve processes such as

gathering data from sensors, processing it in the cloud, and triggering actions or adjustments based on

predefined rules or algorithms. For example, in a smart home system, functions may include monitor-

ing indoor temperature and humidity levels, analyzing energy consumption patterns, and automatically

adjusting heating or cooling systems to optimize comfort and efficiency.

Additionally, IoT systems often incorporate user interaction features that allow individuals to monitor

and adjust settings as needed. This can be achieved through various interfaces such as mobile apps, web

portals, or voice-controlled assistants, enabling users to access real-time data, receive notifications, and

manually override automated processes when necessary. By combining automated functions with user

interaction capabilities, IoT systems provide a flexible and responsive environment that adapts to both

automated algorithms and user preferences, enhancing convenience, efficiency, and control.

Figure 6: Architecture of IOT.
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2.1.7 The Importance of IoT

The Internet of Things (IoT) has revolutionized workplaces by eliminating repetitive tasks and enhancing

operational efficiency, enabling people to work in a smarter and more effective manner. For example, IoT devices

such as smartphones and smartwatches enable continuous data collection and analysis, empowering businesses

to make informed decisions that enhance productivity and improve workflow[33]. IoT is revolutionizing various

sectors of work by improving communication and facilitating information exchange, thereby contributing to

increased productivity and creativity at all levels. It serves as a driving force for change in the workplace,

offering immense potential to improve operational efficiency, enhance collaboration, and develop entirely new

business models. The Internet of Things offers significant benefits for individuals and organizations alike,

Importance of IoT:

• Improved Efficiency:IoT allows for automation of tasks, data collection, and process optimization. This

can lead to significant cost savings and improved efficiency across industries.

• Better Insights:Sensors and connected devices generate a wealth of data. Businesses can leverage this

data for real-time insights, predictive maintenance, and informed decision-making.

• Increased Automation:The automation of the Internet of Things (IoT) represents a qualitative leap

in the world of technology, enabling devices to perform tasks autonomously without direct human inter-

vention. This smart automation offers companies tremendous capabilities to reduce labor costs, improve

decision-making speed, enhance operational efficiency, and develop innovative business models.

IoT automation involves integrating artificial intelligence and machine learning technologies with IoT

devices, enabling them to operate independently and automatically. This automation includes various

tasks, such as self-control of systems, data collection and analysis, and automatic task execution.

IoT automation provides significant benefits for companies, including reducing labor costs, improving

decision-making speed, enhancing operational efficiency, and driving innovation. Artificial intelligence

and machine learning are among the most important factors driving the development of IoT automation,

promising a future full of immense possibilities.

Overall, IoT automation represents a technological revolution that brings about a significant transforma-

tion across various sectors. This smart automation contributes to enhancing the competitive position of

companies, improving the quality of products and services, and creating new opportunities for growth and

development.[34]

• Comfort and Well-being: IoT devices enable remote control of home appliances, security systems, and

surveillance, providing comfort and peace of mind. For example, you can perform actions remotely or

receive alerts in case of unusual movement.

• Innovation Revolution Across Various Fields: The Internet of Things (IoT) serves as a powerful

catalyst for innovation across various fields, providing vast capabilities for developing smart solutions that

change the way we work and live. Among the most important of these fields are: healthcare, smart cities,

industry, agriculture, aquaculture, and others...
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2.2 Smart Aquaculture

The intelligent aquaculture system is a modern technology designed to enhance and increase the efficiency of

fish and aquatic organism farming through the use of artificial intelligence and the Internet of Things. These

systems rely on advanced sensors that monitor various environmental factors such as water quality, temperature,

and oxygen levels, providing the necessary data for better management of fish farms. By analyzing this data in

real-time, it is possible to improve farming conditions, reduce waste, and increase productivity in a sustainable

and efficient manner.

2.2.1 Using IOT in aquaculture

Using IoT (Internet of Things) in aquaculture offers numerous benefits by enabling real-time monitoring, au-

tomation, and data-driven decision-making. Here’s how IoT can be applied in aquaculture:

• Water Quality Monitoring: IoT sensors can continuously monitor water parameters such as temper-

ature, pH levels, dissolved oxygen, turbidity, and salinity. Any deviations from optimal conditions can be

detected early, allowing for prompt corrective action.

• Feeding Optimization: Smart feeders equipped with IoT sensors can dispense feed based on fish

behavior, environmental conditions, and growth rates. This prevents overfeeding, reduces waste, and

ensures that fish receive the right amount of nutrition.

• Environmental Monitoring: IoT devices can monitor environmental factors such as air temperature,

humidity, and light intensity in the aquaculture facility. This information can help optimize conditions

for both fish health and the efficiency of the operation.

• Fish Tracking and Behavior Monitoring: RFID tags or acoustic tags can be used to track individual

fish within the aquaculture system. This data can provide insights into fish behavior, growth patterns,

and health status.

• Remote Monitoring and Control: Aquaculture facilities can be remotely monitored and controlled

through IoT-enabled platforms. This allows farmers to keep track of operations, receive alerts in case of

emergencies, and make adjustments from anywhere with an internet connection.

• Predictive Analytics: By collecting and analyzing data from various IoT sensors over time, predictive

analytics algorithms can forecast trends, identify patterns, and provide recommendations for optimizing

aquaculture practices.

• Energy Management: IoT devices can help optimize energy usage in aquaculture facilities by monitoring

and controlling equipment such as pumps, aerators, and heaters based on demand and efficiency.

• Health Monitoring: IoT-enabled cameras and sensors can monitor fish behavior and detect signs of

disease or stress early on. This early detection allows for timely intervention to prevent widespread

outbreaks and minimize losses.
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• Supply Chain Management: IoT can be used to track and trace fish from farm to fork, providing

transparency and ensuring quality and safety throughout the supply chain.

• Integration with other technologies: IoT can be integrated with other emerging technologies such as

AI (Artificial Intelligence) and ML (Machine Learning) to further enhance decision-making processes and

optimize aquaculture operations.

2.2.2 The Importance of IoT in Aquaculture

Monitoring water quality is considered a fundamental aspect in aquaculture, as the effective success of this

process largely depends on the availability of suitable aquatic environments. Fish farmers face numerous chal-

lenges in monitoring and improving water quality due to the complexities associated with required standards

and indicators. With the advancement of Internet of Things (IoT) technologies, fish farmers can now utilize

advanced sensor devices to accurately and efficiently monitor water quality. This technology enables farmers

to obtain real-time, precise data about the conditions of aquatic basins, such as temperature, dissolved oxygen

levels, and others. Using IoT technology, data collected from sensor devices can be directly transmitted to

the cloud, giving farmers the ability to remotely and in real-time monitor water quality. With these technolo-

gies, farmers can make quick and accurate decisions to ensure a healthy aquatic environment conducive to fish

growth. Furthermore, IoT systems provide large amounts of data that can be accurately analyzed using artificial

intelligence, helping to identify trends and patterns in water quality and predict potential problems before they

occur. These technologies can offer opportunities to improve the efficiency of aquaculture operations, reduce

costs, and increase productivity. The importance of IoT technology in monitoring water quality in aquaculture

lies in:

Figure 7: Internet of Things (IoT) Aquaculture System[35]

• Accurately monitoring and controlling the aquaculture environment, tracking factors such as water tem-

perature, oxygen levels, and salinity using sensor devices and transmitting the data to the cloud. This

contributes to predicting potential problems such as diseases and sudden environmental changes, allowing

farmers to take preventive measures to maintain the safety of their farms.
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• Helping improve feeding processes for fish and aquatic animals, leading to proper and rapid growth and

development.

• Contributing to improving the efficiency of aquaculture operations, reducing costs, and increasing produc-

tivity by utilizing accurate data and making effective decisions based on it. Investment in IoT technology

in the aquaculture sector contributes to enhancing national economic growth by increasing production

and promoting sustainable development.

2.2.3 Conclusion

In conclusion, the Internet of Things has sparked a true digital revolution in our daily lives, opening up new

horizons that we had never imagined before. It has had a significant impact on various aspects of human life,

including healthcare, industry, agriculture, and aquaculture, by enabling wide-ranging communication and in-

teraction between devices, thus enhancing automation, efficiency, and innovation.

For instance, in the field of aquaculture, the Internet of Things plays a vital role in monitoring and maintaining

water quality, which is essential for the health and growth of aquatic organisms, thereby ensuring an ideal

environment for them.

Looking ahead, we anticipate seeing more innovations and applications that will make our lives easier, more

comfortable, and more efficient in the future. By harnessing the power of the Internet of Things, we can confront

challenges and drive growth in many vital sectors.

In summary, the Internet of Things represents not only a technological revolution but also a path towards en-

hancing productivity, efficiency, and sustainability in aquaculture and other industries. Through collaboration,

innovation, and investment, we can explore the full potential of the Internet of Things and shape a better future

for aquaculture and other fields.

The next chapter will focus specifically on the crucial issue of water quality monitoring. This component

is essential for ensuring the health and growth of aquatic organisms. We will examine different water quality

parameters, such as temperature, pH, and dissolved oxygen levels, and their impact on aquatic ecosystems.

Additionally, we will discuss sensor technologies and methodologies for data collection and analysis that enable

real-time monitoring. Finally, we will address the challenges associated with implementing these systems and

potential solutions to enhance their efficiency and reliability in diverse aquaculture production environments.
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Chapter 03

3 Monitoring of Water Quality and Related Works
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3.1 Monitoring of water

Accurate monitoring of water quality parameters such as dissolved oxygen (DO), salinity, temperature, and pH

levels is essential for ensuring the success of intensive aquaculture.[36] Fluctuations in the physical parameters

of water directly affect the health and growth of aquatic organisms.

3.1.1 Traditional Monitoring

Traditional methods of monitoring water quality in aquaculture, such as manual testing and visual inspections,

have significant limitations. These approaches are often labor-intensive, require frequent human intervention,

and may not provide real-time data necessary for proactive management. Therefore, there is an urgent need

to develop automated and continuous monitoring solutions that can provide precise and timely data on critical

water quality parameters. This enables effective management and informed decision-making to maximize fish

health and productivity in aquaculture[37].

Water quality in intensive aquaculture systems can be likened to the living environment of aquatic organisms.

Just as humans need clean air and potable water to stay healthy and active, aquatic organisms require specific

water quality parameters to grow and reproduce properly.

Four key parameters play a crucial role in determining water quality: PH, temperature, oxygene,salynity

Figure 9: show the water quality monitoring technology

Figure 8: Aquaculture Water Quality Monitoring [38].
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3.1.2 Risks of Water Quality Fluctuations:

Fluctuations in water quality parameters can lead to various risks, including:

Oxygen Depletion: May lead to the death of fish and other aquatic organisms.

Changes in Salinity: Can result in fish mortality or disease.

High Temperature: May cause reduced appetite, stunted growth, and increased risk of disease.

Low Temperature: Can lead to decreased activity, weakened immune system, and increased risk of

disease.

pH Changes: May result in fish mortality or disease.[39,40]

3.1.3 Monitor water and achieve optimal environments in aquaculture

Water quality monitoring is an essential aspect of various industries, including aquaculture, agriculture,

and environmental management. Traditional methods of water quality assessment often involve manual

sampling and laboratory analysis, which can be time-consuming, expensive, and labor-intensive. To

address these limitations, Internet of Things (IoT) technology has emerged as a powerful tool for real-

time, continuous, and cost-effective water quality monitoring[41].

IoT sensors play a central role in water quality monitoring systems. These sensors can be deployed in

various water bodies, such as rivers, lakes, oceans, and aquaculture tanks, to collect real-time data on a

wide range of water quality parameters. Common IoT sensors for water quality monitoring include:[42]

– Dissolved Oxygen (DO) sensors: Measure the concentration of dissolved oxygen in water, which is

crucial for aquatic life.

– pH sensors: Measure the acidity or alkalinity of water, which affects the availability of nutrients and

the health of aquatic organisms.

– Temperature sensors: Monitor water temperature, which influences various biological and chemical

processes in water.

– Conductivity sensors: Measure the electrical conductivity of water, which is an indicator of dissolved

salts and minerals.

– Turbidity sensors: Assess the clarity of water by measuring the amount of suspended particles.[43]
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Figure 9: Smart Aquaculture Sensors and Monitoring of Water Systems[44]

IoT Data Collection and Transmission:

IoT sensors collect water quality data at regular intervals and transmit it wirelessly to a central data

collection point. This can be achieved using various communication protocols, such as Wi-Fi, Bluetooth,

cellular networks, or satellite communication. The choice of communication protocol depends on factors

like sensor location, distance from the data collection point, and power availability.[42][21]

Data Processing and Visualization:

The collected water quality data is then processed and analyzed to extract meaningful insights. This

may involve data cleaning, filtering, and applying algorithms to identify patterns, trends, and anomalies.

The processed data is often visualized using dashboards, charts, and graphs to provide a clear and under-

standable representation of water quality conditions.[45]

IoT-Enabled Water Quality Management Systems:

IoT-enabled water quality monitoring systems offer several advantages over traditional methods:

– Real-time data: Provide continuous monitoring of water quality parameters, enabling immediate

detection of water quality issues.

– Remote access: Allow users to access and view water quality data from anywhere, anytime, using

web browsers or mobile applications.

– Automated alerts: Trigger alerts when water quality parameters exceed predefined thresholds, prompt-

ing timely interventions.
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– Historical data analysis: Enable historical data analysis to identify trends, assess water quality

changes over time, and predict potential issues.

IoT-based water quality monitoring systems are finding applications in various sectors, including:

– Aquaculture: Monitor water quality in fish farms to optimize fish health, growth, and productivity.

– Environmental monitoring: Track water quality in rivers, lakes, and oceans to assess pollution levels

and protect aquatic ecosystems.

Figure 10: IoT Monitoring water quality system block diagram[46]

3.1.4 Challenges in Monitoring Water Quality in Aquaculture

Monitoring water quality in aquaculture presents significant challenges due to the crucial importance of

parameters such as temperature, pH, turbidity, and dissolved oxygen levels. These parameters play a vital

role in fish health and productivity, directly influencing their well-being and growth. Variations in these

factors can disrupt the delicate balance of the aquatic environment, affecting the fish’s ability to develop

optimally and maintain stable productivity[47].

Critical Parameters of Water Quality

In aquaculture, critical parameters of water quality include temperature, pH, turbidity, and dissolved

oxygen levels. Temperature affects fish metabolic processes, while inadequate pH levels can compromise

their immune system and growth. Increased turbidity reduces light penetration, impacting photosynthesis

in aquatic plants and fish visibility. Insufficient dissolved oxygen levels can lead to respiratory distress

and even fish mortality[48].

Impact on Fish Health and Productivity

Fish health and productivity in aquaculture are directly impacted by water quality. Temperature fluctu-

ations can stress fish and compromise their immune systems, making them more susceptible to diseases.

Imbalanced pH can disrupt fish physiology, while increased turbidity can reduce feeding efficiency and

increase predation risk. Insufficient dissolved oxygen levels reduce fish respiratory efficiency, resulting in

slowed growth and overall productivity decline in aquaculture operations[49].
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3.2 Related works

In this section, we will present a review of related works in the field of water quality monitoring for

aquaculture. Recent advancements have demonstrated the potential of IoT and related technologies to

revolutionize aquaculture practices.

Yang et al. (2012): This study emphasizes the importance of water quality information collection in in-

dustrial aquaculture. The researchers utilized wireless sink nodes to gather water quality data, achieving

an accuracy of 90.7%.. This method is energy-efficient as it eliminates redundant information, thereby

reducing data transmission requirements. The deployment of sink nodes proved to be a significant ad-

vancement in aquaculture data collection, facilitating better decision-making processes.

Simbeye amp; Yang (2014): In this research, a network of wireless sensors combined with single-chip

computer technology was deployed for intensive aquaculture monitoring. The system not only tracked

environmental variables but also provided notifications via SMS when parameters deviated from normal

ranges. After six months of testing, the system achieved a reasonable degree of accuracy and proved

effective in maintaining stability under varying conditions. This approach demonstrated the practical

application of IoT technologies in maintaining optimal aquaculture environments.

Liu et al. (2016): This study introduced a comprehensive wireless network system designed for real-

time monitoring of aquaculture environments. The system included sensor nodes, base stations, a central

controller, and support for web and mobile users. It effectively enhanced the fish breeding atmosphere,

increased production income, and reduced labor intensity by automating environment and waste discharge

management. Field tests showed a 98 accuracy rate, highlighting the system’s reliability and effectiveness.

Parra et al. (2018): The researchers developed a series of sensors to monitor fish activity and water

quality in rearing tanks. Their system monitored various factors such as water quality, tank conditions,

feed distribution, and fish behavior. A smart algorithm minimized energy waste during data transmission.

The system used a wireless sensor network (WSN) with three nodes, which communicated data over a

local area network (LAN) to an internet database. The algorithm also identified inappropriate values and

issued alerts. This system demonstrated the integration of smart technologies to enhance energy efficiency

and data accuracy in aquaculture monitoring.

Ismail et al. (2020): Addressing the challenges in fishpond management, this research introduced a

real-time identification and monitoring system based on IoT technology. Ismail and colleagues used a

qualitative approach to understand the perspectives and ideas of fishpond farmers. The proposed model

continuously assessed and tracked water quality, ensuring optimal conditions for aquaculture organism

growth and survival. The system enabled prompt preventive measures, reducing losses and boosting ef-

ficiency. This study highlighted the potential of IoT to transform aquaculture practices, especially in

developing regions.

Fearghal O’Donncha and Jon Grant (2020)

Precision Aquaculture This research reviews innovative solutions for aquaculture challenges through IoT
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and cloud computing technologies. It focuses on precise water quality monitoring using interconnected

sensing technologies and edge computing for efficient data analysis. The study also explores federated

learning for local training of machine learning models while preserving data privacy. A practical case

study in Eastern Canada demonstrates data-driven insights for sustainable aquaculture intensification.

Author (2019) Towards Precision Aquaculture: A High Performance, Cost-effective IoT Approach** This

research provides an overview of precision aquaculture, focusing on IoT technologies to enhance farming

operations with precision and cost-effectiveness. It explores how interconnected sensing technologies mon-

itor, analyze, and interpret data to support decision-making. A case study in Eastern Canada showcases

the collaboration of industry, technology, and academic partners to promote sustainable aquaculture in-

tensification. The study also discusses challenges such as connectivity and standardization.

Liu et al. (2016) Water Quality Monitoring and Control for Aquaculture Based on Wireless Sensor Net-

works This research presents a wireless sensor network system for monitoring and controlling water quality

in aquaculture. The system uses wireless sensor nodes to collect real-time data on various water parame-

ters, which are transmitted to a central computer via ZigBee communication. The data is analyzed using

LabVIEW software, with notifications sent to farm owners via a GSM module. Experimental evaluations

demonstrate the system39;s feasibility for real-world applications in optimizing aquaculture environments.

3.3 Limitations

While previous works on IoT-based monitoring and control systems for aquaculture, such as those by Yang

et al. (2012), O’Donncha and Grant (2020), and Liu et al. (2016), have made significant contributions in

terms of implementing smart sensors and real-time monitoring, fail to effectively integrate environmental

sensor data with management systems. This lack of comprehensive integration hinders operators from

obtaining real-time insights into critical parameters such as water quality, fish health, and system perfor-

mance. This gap compromises the ability to make informed and timely decisions necessary to maintain

aquatic stock health and enhance overall profitability. .

Our proposed solution addresses this gap by integrating an extensive database that collects and stores

crucial data from various sensors, as well as detailed tables on health, nutrition, incidents, and medica-

tion. This database not only provides immediate benefits to farmers by offering actionable insights and

enhancing farm management but also lays the groundwork for future applications of machine learning and

advanced analytics. Furthermore, the use of a sensor and actuator simulator in our system design allows

for testing and optimization in a controlled environment, ensuring robustness and efficiency before deploy-

ment in real-world scenarios. This holistic approach not only improves current aquaculture practices but

also sets the stage for continued innovation and sustainability in the sector.
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3.4 Conclusion

In conclusion, the development and implementation of IoT-based monitoring and control systems in aqua-

culture represent a pivotal advancement in the field, offering numerous benefits and paving the way for

future innovations. This chapter has highlighted several key studies and their contributions, underscoring

the importance of real-time monitoring in enhancing productivity, sustainability, and operational efficiency

within aquaculture operations.

The reviewed studies have demonstrated how IoT technologies, such as smart sensors, wireless networks,

and data analytics platforms, can effectively monitor and manage critical parameters like water quality,

environmental conditions, and fish health in aquaculture settings. These technologies enable farmers to

make data-driven decisions, promptly detect deviations from optimal conditions, and implement corrective

measures, thereby minimizing risks and improving overall farm management.

However, despite the significant progress made, there are notable limitations in existing research. Many

studies have focused primarily on technical aspects and immediate benefits of real-time monitoring without

fully integrating data across different domains, such as health records, nutrition, incidents, and medica-

tion. This fragmentation hinders the holistic understanding and management of aquaculture ecosystems.

Our proposed solution addresses these gaps by introducing a comprehensive database that integrates di-

verse datasets crucial for effective farm management. This integrated approach not only consolidates

information but also facilitates advanced analytics and machine learning applications. By leveraging this

unified data platform, farmers can gain deeper insights into their operations, predict trends, optimize

resource allocation, and enhance sustainability practices. Furthermore, the incorporation of a sensor and

actuator simulator has proven invaluable in testing and refining system functionalities before deployment,

ensuring robustness and reliability in real- world applications. This simulation capability minimizes risks

associated with technological integration and operational disruptions, providing a controlled environment

to validate system performance and optimize configurations.
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Chapter 04

4 System Design and Implementation
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4.1 System Design

In designing our IoT-based water quality management system for aquaculture, we meticulously addressed

several key objectives. First, we focused on developing a comprehensive IoT sensor network capable of ac-

curately measuring and monitoring critical water quality parameters such as temperature, pH, and oxygen

levels. This data is transmitted to a cloud database, forming the backbone of our system and implemented

actionable insights and enabling automated control through connected actuators. Additionally, we inte-

grated a comprehensive farm management system to track essential information on feed, medication, and

incidents, facilitating informed decision-making and operational efficiency. To ensure a seamless transi-

tion from design to physical deployment, we employed the Wokwi simulator. This virtual environment

allowed us to simulate and validate the functionality of sensors and actuators, enabling rapid iteration

and debugging while reducing hardware costs and minimizing risks associated with real-world testing.

4.1.1 Proposed Architecture

AQUALINK is a smart system that utilizes advanced technologies such as Internet of Things (IoT), data

analytics, and automation to enhance the efficiency and sustainability of aquaculture practices. The aim

of a smart aquaculture system is to monitor and analyze various environmental parameters and automat-

ically respond to them to ensure optimal conditions for the growth and health of aquatic organisms. This

smart aquaculture system includes:

A variety of sensors installed in the simulated aquatic environment to monitor parameters such as tem-

perature, oxygen levels, salinity, pH, etc.

A system for transmitting sensor data to a central analysis platform via the internet.

The ability to take automatic actions or send alerts to operators based on the analysis .

User-friendly interfaces for monitoring and controlling the system, receiving alerts, and accessing reports.

These technologies and tools, a smart aquaculture system can improve production efficiency, reduce oper-

ational costs, and provide an optimal environment for the growth and development of aquatic organisms,

contributing to the sustainability of aquaculture.
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Figure 11: IOT Layer Architecture

Physical Layer:

In aquaculture projects, the physical layer comprising networks and sensors is crucial for real-time moni-

toring and environmental control. This layer ensures efficient operations and informed decision-making by

providing continuous data on environmental parameters such as pH levels, temperature, dissolved oxygen,

salinity, and ammonia/nitrite/nitrate levels. It also includes wireless and wired network infrastructure,

data collection and transmission systems, control systems like automated feeders and aeration systems,

and environmental sensors such as weather stations and light sensors. These components integrate with

IoT platforms for data analytics, provide regular maintenance, and ensure user-friendly interfaces, en-

hancing automation, disease prevention, and regulatory compliance.

Edge Layer:

The edge layer is essential for device management, data management, and action enforcement, processing

data near its source to enhance real-time monitoring and control. Device management includes configu-

ration, monitoring, diagnostics, firmware updates, security, and lifecycle management. Data management

involves data collection, aggregation, preprocessing, edge analytics, and local storage. Action enforcement

comprises rule-based decision-making, real-time control, event notifications, and integration with control

systems, providing immediate response, reducing data latency, optimizing bandwidth, improving reliabil-

ity, and enabling scalability.

Cloud Layer:

The cloud layer is fundamental for supporting decision-making through data analysis capabilities, data

processing, acquisition, and contextual understanding to optimize aquaculture operations. This layer in-

volves data aggregation from multiple sources, data transformation through normalization and feature
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engineering, and real-time processing for immediate actions and trend analysis. Real-time sensor data

collection, data logging, and integration with external data such as weather and market information via

APIs and webhooks are performed. Contextual environmental and operational information provides a

comprehensive understanding, enhancing immediate responses and future needs predictions. The cloud

layer improves the efficiency and sustainability of aquaculture operations through comprehensive data

management and actionable insights.

The database plays a crucial role within the Cloud Layer of the IoT architecture, serving as a central

hub for data aggregation, storage, and analysis in smart aquaculture systems. It functions as a repository

where data collected from various sensors, such as pH, temperature, dissolved oxygen, and turbidity sen-

sors, are aggregated in real-time. This aggregated data is then securely stored, ensuring reliability and

accessibility for future analysis and decision-making processes. Moreover, the database facilitates advanced

analytics, including trend analysis, predictive modeling, and anomaly detection, which are essential for

optimizing aquaculture operations. By leveraging the database within the Cloud Layer, stakeholders can

gain valuable insights into environmental conditions, optimize resource management, and enhance overall

operational efficiency in smart aquaculture.

4.1.2 Aquaculture manegement system design

The design of the Aquaculture Management System is a comprehensive framework aimed at integrating

IoT technologies with advanced management practices to enhance the efficiency and productivity of aqua-

culture operations.

The database design for the aquaculture management system is a pivotal element that ensures the sys-

tematic storage, retrieval, and management of critical data related to water quality, fish health, feeding

schedules, and incident reports. Our database comprises several interconnected tables

4.1.3 MySQL Database Design

A database is an organized collection of data that can be easily accessed, managed, and updated. In a

smart aquaculture system, the database serves as the backbone of the system, storing all vital information

related to the system and providing it when needed.

The database includes the following types of data:

First, user (registrant) data, including full names, email addresses, phone numbers, addresses, and ac-

count details such as usernames and passwords. Second, aquaculture tank data, which includes the type

of tanks, their sizes, types of fish or other marine creatures present, water levels, temperatures, oxygen

levels, nitrate levels, and other vital indicators.

Third, sensor data, which includes readings from various sensors (such as temperature, oxygen levels, ni-

trate levels), the date and time of each reading, and warnings or alerts based on sensor readings. Fourth,

feeding data, which includes types of food used, feeding schedules, and quantities of food provided. Fi-

nally, health and treatment data, which includes records of diseases, treatments provided, and medications

used.
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Benefits of Storing Registrant Information Storing registrant information offers several critical benefits

for the smart aquaculture system. One such benefit is service personalization, where personalized recom-

mendations can be provided to users based on their data and interaction history with the system. This

enables users to have a tailored experience that increases operational efficiency and meets their needs more

effectively.

Another benefit is security management, as storing account information facilitates access control to the

system, enhancing security and protecting sensitive data. Additionally, storing registrant information en-

ables effective communication with users via email or phone to notify them of important updates or alerts.

By implementing these practices, the smart aquaculture system can maximize the use of available data

and continuously improve its operations.

Database Structure: The structure of our database,is composed of tables and their relationships.

o Tables for water quality parameters (pH, temperature, dissolved oxygen, etc.).

o Tables for operational data (feed and medication purchases, system configurations)

we describe the main tables and their fields.

User Table

User id (Primary Key): Unique identifier for each user.

User email : email for each

user password : password for each user.

Tank Table

Tank id (Primary Key): Unique identifier for each tank.

size: The size of the tank.

Fish Table

fish id (Primary Key): Unique identifier for each fish.

species: The species of the fish. quantity: The number of fish.

health status: Current health status of the fish.

pond id (Foreign Key): References the pond in which the fish are located.

Feed Table

feed id (Primary Key): Unique identifier for each feed type.

type: Type of feed.

quantity: Amount of feed available.

nutritional content: Nutritional information of the feed.

Medication Table

medication id (Primary Key): Unique identifier for each medication type.

name: Name of the medication.

dosage: Recommended dosage.

usage: Description of how and when to use the medication.

Incidents Table
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incident id (Primary Key): Unique identifier for each incident.

description: Detailed description of the incident.

date: Date of the incident. impact: Impact of the incident on the fish and ponds.

response: Actions taken in response to the incident.

4.2 Process of AQUALINK

Figure 12: The Process of AQUALINK

The sensors gather data about their respective parameters and transfer it to the cloud server via the

Wi-Fi communication protocol for further analysis. extract features and assess their impact on system

productivity. A mobile application has been developed to remotely monitor and control the system.

To prevent the effect of heat convection caused by cold wind, a wind protection device powered by an

engine is installed. When the water temperature detected by the thermal sensor falls below the target

temperature, the vent protection mechanism activates, and the heating system turns on, in accordance

with water quality standards to achieve intelligent feeding.

The agitator placed in the pond activates when the oxygen dissipation value measured by the DO cap is

less than the desired value. Additionally, the water pump activates if the pH or turbidity readings surpass

the predetermined threshold.

When the water temperature falls below the threshold: the heating system turns on, and the vent protec-

tion device opens.

When the dissolved oxygen level is below the threshold: the agitator activates. When the turbidity or pH

exceed the threshold: the water pump turns on.

So, continuous monitoring of water quality parameters and Automatic adjustment of environmental con-

ditions to maintain optimal is acheived by this process
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4.3 The components of Aqualink

the architecture of the intelligent aquaculture system and its operation, in collaboration with IoT .

Sensors and Actuators

Sensors: temperature, pH, dissolved oxygen sensors

Actuators: engine, pump ,regulating water

Connectivity

Network: to connect to the internet. This includes technologies such as Wi-Fi

Communication Protocols: Protocols used to transmit data

Data Management Platform

Data Collection: Methods for aggregating data from sensors.

Data Processing: Analysis and interpretation of collected data, often performed on a cloud platform.

Data Storage

Database: my sql database.

Backend Application (Server)

API: Interfaces for receiving data from sensors and providing services to frontend applications.

Processing: Software that manages data, analyzes it, and makes automated decisions or provides recom-

mendations.

Frontend Application (Dashboard)

User Interface: Dashboard that allows users to visualize and interact with real-time data.

Alerts and Notifications: Systems for alerting users of any anomalies or necessary actions."

4.4 Implementation

We present in this part two categories—hardware implementation and software implementation.

During the implementation phase, Wokwi played a crucial role in validating and refining our IoT-based

water quality management system. By simulating sensors and actuators in a virtual environment, we

ensured that all components operated as expected and communicated seamlessly within the system. This

approach facilitated comprehensive testing of data transmission, sensor accuracy, and system responsive-

ness without the constraints of physical deployment. Wokwi’s simulation capabilities enabled us to detect

and address potential issues early, thereby enhancing the reliability and efficiency of our implementa-

tion. This rigorous testing framework contributed to the successful integration of our IoT solution into

aquaculture environments, meeting performance standards and ensuring optimal operation.

4.5 Hardware Implementation

We have simultaed the following system with wokwi,

Sensors are immersed in water to continuously and accurately monitor the aquatic environment. These

sensors include several types, each performing a specific function: the temperature sensor measures the

water temperature, the pH sensor measures the acidity level, the salinity sensor measures the salinity

36



4 SYSTEM DESIGN AND IMPLEMENTATION

level, and the dissolved oxygen sensor measures the amount of dissolved oxygen in the water. Once these

sensors are submerged, they begin to collect environmental data immediately, allowing users to monitor

and respond to changes in water quality. This process provides vital information about the condition of

the aquatic environment, helping to maintain the health of aquatic ecosystems and support the organisms

living within them.

4.5.1 Introduction to Wokwi simulation

The Wokwi application offers a solution by enabling online simulation of embedded programming and IoT,

providing a safe, cost-effective, and accessible learning tool.The subject of IoT and embedded programming

is being taught at the University of Information Technology and Information Security. However, students

in Information Technology fields such as Software Engineering, Information Systems, Computer Science,

Computer Engineering, and Information Security lack comprehensive knowledge of hardware and related

programming. This gap makes it challenging to design, program, and test hardware like Arduino, AT-

Mega, and IoT modules. Practical hardware testing can lead to risks of fire and damage, and purchasing

individual hardware components can be expensive for students.

4.5.2 Advantagous of Using Wokwi for Simulation of Sensors and Actuators

Wokwi presents the following adventagous

Cost-Effective Learning: Wokwi eliminates the need for students to purchase expensive sensors and

actuators, making learning more affordable.

Safety: Students can safely experiment with various sensor and actuator configurations without the risk

of damaging physical hardware.

Accessibility: Wokwi is accessible online, allowing students to simulate sensors and actuators from any

location with an internet connection.

Instant Feedback: The simulation provides real-time feedback, enabling students to quickly understand

the behavior of sensors and actuators in different scenarios.

No Hardware Limitations: Students can simulate an unlimited number of sensors and actuators, which

is not feasible with physical hardware due to cost and availability constraints.

Ease of Use: The user-friendly interface of Wokwi makes it easy for students to set up and modify sensor

and actuator simulations without extensive technical knowledge.

Rapid Prototyping: Students can rapidly prototype and test their ideas, making it easier to iterate and

improve their designs. Collaboration: Wokwi allows students to share their simulation projects with

peers and instructors, facilitating collaborative learning and feedback.

Community Support: Students can access a wealth of community-contributed projects and examples,

helping them learn from others and find inspiration for their own projects.

Advanced Features: Wokwi includes advanced debugging tools and virtual logic analyzers, enabling

students to analyze digital signals and debug complex sensor and actuator interactions.

Scalability: The platform can simulate complex systems with multiple sensors and actuators, allowing

students to work on large-scale projects.
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Environmental Impact: By reducing the need for physical hardware, Wokwi contributes to sustain-

ability and reduces electronic waste.

Consistency: Simulations provide a consistent learning environment, free from the variability and defects

of physical components.

Time Efficiency: Students save time on setup and configuration, allowing them to focus more on learn-

ing and experimentation.

Error Reduction: Virtual simulations help students avoid common wiring and connection errors that can

occur with physical components.

Resource Availability: Wokwi ensures that all necessary components are always available, without the

need for students to search for or wait for parts.

*Educational Integration: The tool can be easily integrated into coursework and assignments, enhanc-

ing the curriculum with practical simulation exercises.

Skill Development: Using Wokwi helps students develop important skills in embedded programming

and system design, preparing them for real-world applications.

4.5.3 Importance of Simulation in IoT Projects

Cost Efficiency: Reduces the need to purchase expensive hardware components for testing and devel-

opment.

Risk Mitigation: Prevents potential damage to physical components, ensuring a safe testing environ-

ment.

Accessibility: Enables students and developers to work on projects from anywhere, facilitating remote

learning and collaboration.

Scalability: Allows testing of complex IoT systems without the constraints of physical hardware avail-

ability.

Time Savings: Speeds up the development process by providing immediate feedback and eliminating

setup time.

Enhanced Learning: Offers a practical, hands-on learning experience without the need for physical

hardware, making it ideal for educational purposes.

Sustainability: Reduces electronic waste by minimizing the need for disposable hardware components.

Collaboration: Facilitates sharing and collaborative development through community projects and feed-

back.

Consistency: Provides a controlled environment that ensures consistent testing conditions, free from the

variability of physical components.

Skill Development: Helps users develop and refine their skills in embedded programming and IoT

system design, preparing them for real-world applications.

4.5.4 Programming with Wokwi

To utilize Wokwi, students need to create a free account or log in via Gmail, Facebook, or GitHub. They

can then access sample projects or create new ones, enhancing their learning experience through hands-on

practice. The platform’s accessibility enables students to work on projects anytime, anywhere, without
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the need for expensive hardware.

4.5.5 Selection of Sensors and Actuators for Simulation

Figure 13: ESP32

The ESP32 is a powerful, low-cost microcontroller with integrated Wi-Fi and Bluetooth capabilities,

developed by Espressif Systems. It features a dual-core processor, high performance, and a variety of

peripherals, making it suitable for a wide range of applications such as IoT (Internet of Things), wearable

electronics, and smart home devices. The ESP32 supports various programming environments, including

Arduino, MicroPython, and Espressif’s own ESP-IDF, providing flexibility for developers. Its popularity

stems from its robust connectivity options, low power consumption, and extensive community support.

Wokwi is an online platform for simulating electronics projects, especially useful for working with micro-

controllers like the ESP32, Arduino, and others. The platform allows users to design circuits, write code,

and run simulations all within a web browser. To add electronic items in Wokwi, follow these steps:

Open Wokwi: Navigate to the Wokwi website and create a new project or open an existing one.

Access the Components Menu: On the left side of the Wokwi interface, there is a menu with various

electronic components and modules.

Search and Select Components: Use the search bar or browse through the categories to find the compo-

nents you need, such as microcontrollers, sensors, displays, LEDs, and more.

Drag and Drop: Click on a component to select it, then drag it onto the workspace. You can place multiple

components and arrange them as needed.

Connect Components: Use the wiring tool to connect components by drawing virtual wires between pins.

This step replicates how you would connect components in a physical circuit.

Configure Components: Click on a component to access its properties and configuration options. This

might include setting pin numbers, addresses for I2C devices, or initial states for digital components.

Code and Simulate: Once your components are placed and connected, you can write code for your micro-

controller in the integrated code editor. Click the "Play" button to run the simulation and see how your

circuit behaves.

Wokwi provides a convenient and interactive way to prototype and test electronic circuits without needing

physical components, making it an excellent tool for learning and development.
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Figure 14: Component List in Visual Programming Application

40



4 SYSTEM DESIGN AND IMPLEMENTATION

4.5.6 Creating the Simulation Project in Wokwi

We present steps to create our project in wokwi

Step 1: Access Wokwi

we Open our browser: Wokwi is a web-based tool

Step 2: Sign Up or Log In

We create an account: If we don’t have a Wokwi account, sign up using email, or log in with our Google,

Facebook, or GitHub account.

Step 3: We Start a New Project with clicking on "New Project" or the plus (+) icon to start a new

project.

and after we choose a template

Step 4: We Set Up our Project

With adding components: with using the drag-and-drop interface to add boards, sensors, actuators, and

other components to our workspace. we can find these components in the component library.Then we

proceed to Connect choosed components

Step 5: We Write our Code

Step 6: We Simulate our Project

by Runing the simulation: we Click the "Play" button to start the simulation. The simulator will compile

and run our code, showing the behavior of our virtual components.

Implementing Wokwi in the curriculum allows students to undertake embedded programming and IoT

projects conveniently and cost-effectively. Learning from community examples can ignite students’ passion

and facilitate in-depth understanding of hardware concepts. This is particularly beneficial for Informa-

tion Technology and Information Security students, who often lack extensive hardware knowledge. With

Wokwi, students can practice and experiment without the constraints of funding or hardware availability.

Figure 15: ESP32 WiFi Scanning Code in Simulation Environment
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Hardware Components

In the implementation phase of the aquaculture management system, a simulator was developed to em-

ulate sensor data and environmental conditions. This simulator served as a crucial tool for testing the

system’s functionality and performance under various scenarios without relying solely on real-time data

acquisition. By simulating different aquaculture conditions, the system’s robustness and responsiveness

were thoroughly evaluated before deployment in actual aquafarm settings. This approach not only ensured

the system’s reliability but also facilitated the identification and resolution of potential issues early in the

development process.

We expose in this part the hardware implementation , that we need after the step of simulation of the

system. We presents the different compnents of the system that , includes an Arduino Uno along with a

set of sensors, which comprise a temperature sensor, a pH sensor, a salinity sensor, and a dissolved oxygen

meter... It also contains the board and a USB cable, as well as connecting wires.

These sensors were used to monitor the water quality of aquatic environments. After assembling and cal-

ibrating the sensors, they were placed in the relevant aquatic environment, where multiple environmental

parameters were continuously measured and monitored. The temperature sensor was used to measure the

water temperature, while the pH sensor was used to measure the acidity level. Additionally, the salinity

sensor was utilized to measure the salinity level in the water, and the dissolved oxygen meter was used to

measure the dissolved oxygen level. By using these sensors, we were able to continuously monitor water

quality and provide accurate analysis of the environmental conditions for aquatic organisms. Figure 14

shows diagram of the designed system and the connections of sensors that we have used in this system.

Figure 16: diagram illustrating connections of used sensors.

5.2.1 Arduino Uno

Arduino is an open-source electronics prototyping platform that relies on easy-to-use hardware and soft-

ware, allowing users to transform analog inputs into specific desired outputs using a simplified version of
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C++. The Arduino Uno is one of the most popular boards within this platform, known for being the first

small control board featuring USB connectivity to a computer. Programming the board is done using

the Arduino Integrated Development Environment (IDE), a free software that can be downloaded from

the internet. When the Arduino Uno board is connected to a computer’s USB port, installation windows

automatically begin installing the necessary drivers to enable communication between the computer and

the board.

The Arduino Uno board consists of several key components, including 6 analog input pins for measuring

variable signals and 14 digital input/output pins, with 6 of them capable of providing PWM outputs for

variable control signals. The board also includes a 16 MHz crystal oscillator to ensure precise timing, an

ICSP header for programming integrated circuits, and a reset button for quickly rebooting the board. Ad-

ditionally, the board supports multiple communication protocols such as UART for serial communication,

SPI for high-speed communication, and I2C for communicating with multiple devices using fewer pins.

Thanks to its innovative design and ease of use, the Arduino Uno is employed in a wide range of applica-

tions, from educational projects and simple scientific experiments to complex projects in fields like robotics,

home automation systems, and prototype development of electronic devices. The extensive community

support and ready-to-use libraries make it easy to connect various sensors and electronic components to

the board and program them to achieve desired objectives. This comprehensive support makes the Ar-

duino Uno an ideal choice for both beginners and professionals looking to explore the world of electronics

and software development[50].

Figure 17: Arduino Uno device

5.2.2 Arduino wifi module ESP32:

The ESP32 is a robust and versatile microcontroller featuring integrated Wi-Fi and dual-mode Bluetooth,

produced by Espressif Systems, and widely used in IoT applications due to its low cost, low power con-

sumption, and extensive features. It includes a dual-core Xtensa LX6 microprocessor running up to 240

MHz, numerous GPIO pins, ADCs, DACs, PWM channels, and support for various communication pro-

tocols such as SPI, I2C, UART, and CAN. The ESP32 is particularly well-suited for aquaculture projects

that require real-time monitoring and control. It can connect various sensors like DS18B20 for tempera-

ture, analog pH sensors, DO sensors, and conductivity sensors for salinity measurement. With its Wi-Fi
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capabilities, the ESP32 can connect to local networks, host web servers, and send data to IoT platforms

such as AWS IoT, Google Cloud IoT, or ThingSpeak for advanced analytics and visualization. It can also

control aquaculture systems, including automated feeders, aeration systems, and water pumps based on

sensor readings. The ESP32 is programmable via Arduino IDE, ESP-IDF, or MicroPython, making it

accessible for both beginners and advanced users[51].

Figure 18: Arduino wifi module ESP32
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5.2.3 Sensors:

Sensors are electronic devices used to detect changes in the surrounding environment and convert these

changes into measurable or analyzable signals. They play a crucial role in many industrial, commercial,

and consumer applications, and are fundamental components in modern systems such as automation,

robotics, smart devices, medical systems, and more.Here are some sensors and their characteristics[52]:

Temperature Sensor:

The waterproof temperature sensor is ideal for measuring the temperature of liquids or substances in wet

conditions. This sensor operates within a temperature range of -55°C to +125°C and can be powered by an

electric current ranging from 3.0 to 5.5 volts. However, due to the PVC-coated cable, it is recommended to

keep the temperature below 100°C to avoid damage. The sensor uses the 1-Wire communication protocol,

allowing multiple sensors to be connected on the same data line, making it versatile. To connect the

sensor with an Arduino, the DallasTemperature.h library is required. This library provides easy-to-use

commands for reading temperature data from the sensor, simplifying the integration process and ensuring

accurate temperature measurements[53].

Figure 19: Temperature sensors

voltage 3 - 5 V
Measuring range -55 +125C

Accuracy ±0.5°C
Conversion time 750ms at 12-bit.

Table 1: Specifications of Temperature Sensor[54]

pH Sensor:

The pH sensor is ideal for measuring the acidity of various liquids, making it suitable for scientific,

industrial, and agricultural applications. The sensor operates within a pH range of 0 to 14 and features high

reading accuracy. It can be powered by a current ranging from 3.3 to 5.5 volts. The sensor requires regular

calibration to ensure optimal accuracy and can be calibrated using standard pH calibration solutions. To

connect the sensor with Arduino, the "DFRobotPH.h”
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library is used, providing easy-to-use commands for reading pH data from the sensor, simplifying the integration

process and ensuring accurate pH measurements[55].

Figure 20: PH Sensor

voltage 5 V
Measuring range 0 - 14 pH.

Operating temperature 0 - 60 ℃.
Accuracy 0.1 pH (25 ℃).

Response time less than 1 min

Table 2: Specifications of pH Sensor[56]

Salinity Sensor:

The water salinity sensor is ideal for measuring the concentration of dissolved salts in liquids, crucial for mon-

itoring water quality in environmental, agricultural, and industrial applications. The sensor typically operates

within a salinity range of 0 to 50 parts per thousand (ppt) and features reading accuracy up to ±1 . It can be

powered by a current ranging from 3.0 to 5.0 volts. To connect the sensor with Arduino, the DFRobotEC.h

library is used, providing easy-to-use commands for reading salinity data from the sensor, simplifying the

integration process and ensuring accurate salinity measurements

Figure 21: salinity Sensor
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Input voltage 3.3 - 5 V
Output voltage 0 - 2.3 V.

Measuring range 0 - 1000 ppm.
Operating temperature 0 - 55 ℃.

Accuracy ± 10 F.S. (25 ℃).
Response time less than 1 min.

Table 3: Specifications of Salinity Sensor[57]

Dissolved Oxygen Sensor:

The dissolved oxygen sensor is ideal for measuring the concentration of dissolved oxygen in liquids, essential

for monitoring water quality in environmental, agricultural, and industrial applications. The sensor operates

within a concentration range of 0 to 20 mg/L and features reading accuracy up to ±0.1 mg/L. It can be powered

by a current ranging from 3.0 to 5.0 volts. The sensor requires periodic calibration to ensure optimal accuracy

and can be calibrated using standard oxygen calibration solution. To connect the sensor with Arduino, the

"DFRobotOxygenSensor.h”

library is used, providing easy-to-use commands for reading oxygen data from the sensor, simplifying the

integration process and ensuring accurate oxygen level measurements.

Figure 22: oxygen Sensor

Input voltage 3.3 - 5 V
Pressure 0 - 50 PSI.

Measuring range 0 - 20 mg/L
Operating temperature 0 - 40 ℃

Response time 90 seconds

Table 4: Dissolved Oxygen Sensor[58]

5.2.4 The breadboard

The role of the breadboard in the aquaculture project lies in providing a platform for building and assembling

electronic circuits used in the smart aquaculture system. The breadboard enables easy and flexible connection

and installation of sensors and electronic modules such as Arduino or Raspberry Pi. This efficient tool allows

for testing and experimenting with connections and circuits before final implementation, facilitating the devel-

opment and integration process to achieve effective and sustainable improvements in the aquatic environment

for breeding aquatic organisms.

This efficient tool allows for testing and experimenting with connections and circuits before final implementa-

tion, facilitating the development and integration process to achieve effective and sustainable improvements in

the aquatic environment for breeding aquatic organisms.
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Figure 23: The breadboard

5.2.5 The jumper wires:

Wiring plays a vital role in the smart aquaculture project by facilitating essential electrical connections between

different system components. It links sensors to control units like Arduino to transmit environmental readings,

supplies power to sensors and control units, and transfers collected data to the cloud analysis platform via

the network communication module. Good wiring ensures stable and reliable connections, protects data from

interference, and offers flexibility in customizing connections and modifying the system. In summary, wiring is

the fundamental factor ensuring the system operates efficiently and effectively, contributing to improving the

aquatic environment for the growth of aquatic organisms.

Figure 24: The jumper wires
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5.2.6 USB cable:

The USB cable plays a crucial role in the smart aquaculture project, serving as a vital link for communication

and power transmission between different components. It connects devices such as Arduino to a computer

or power source, allowing data transfer for tasks like programming, debugging, and configuration. Moreover,

it supplies power to these devices, ensuring their continuous operation during data collection and processing.

The USB cable’s function is essential in maintaining connectivity and power supply, which are critical for the

seamless operation of the system and the efficient management of aquatic environments.

Figure 25: USB cable

4.6 Software Components

Programming node red: Node-RED is an open-source software tool developed by IBM for creating work-

flows visually using the Node.js runtime and JavaScript. Node-RED allows users to connect devices, services,

and interfaces through a graphical user interface based on drag-and-drop, simplifying the development process

without requiring extensive coding. It supports numerous common protocols such as HTTP, MQTT, and Web-

Sockets, making it suitable for a wide range of applications, especially in the Internet of Things (IoT) field.

Users can also create custom nodes using JavaScript to meet their specific needs, benefiting from a large library

of ready-to-use nodes and extensive community support. Node-RED is installed via Node.js, and after instal-

lation, it can be launched and accessed through a web browser interface. Widely used in IoT projects, system

integration, and automation and control of devices, Node-RED is a powerful and flexible tool that enables

developers to create advanced solutions in a simple and efficient manner.

Programming xAMPP

XAMPP is an open-source software package that provides an easy-to-use integrated development environment

for running and managing web applications locally. The acronym XAMPP stands for Cross-Platform (X),

Apache (A), MySQL or MariaDB (M), PHP (P), and Perl (P). It combines these essential components to create

a robust web development environment that can be installed quickly on Windows, Linux, and macOS. XAMPP

is popular for its ease of installation and management, featuring a graphical control panel for managing Apache,

MySQL, and other services. It is widely used by developers to create and test web applications locally before

deploying them to live servers, and it serves as an educational tool for teaching web development and database
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management. XAMPP allows developers to place their web project files in the htdocs directory and access them

via http://localhost in a web browser. By offering a powerful and flexible environment, XAMPP simplifies the

process of setting up a local web server, enabling developers to focus on building and testing their applications

efficiently.

Programming Laravel:

Laravel is an open-source, powerful PHP framework used for web application development, providing an ad-

vanced yet user-friendly development environment. It boasts numerous advanced features such as advanced

routing system, caching system, Eloquent ORM, middleware system, security features, templating, and testing

capabilities. Widely utilized, Laravel is employed for developing a diverse range of web applications includ-

ing blogs, e-commerce stores, and content management systems, and is favored for its scalability and security,

making it a preferred choice for large-scale websites and social networking applications.

4.7 Software Implementation

To achieve success in the field of aquaculture, farmers need advanced tools that help them improve production

quality and operational efficiency. This is where Laravel comes in—a powerful and versatile PHP framework

known for its simplicity, elegance, and ease of use. Laravel is one of the leading tools in modern web applica-

tion development, offering a wide range of features that make the development process fast and efficient. By

using Laravel, developers can create an intelligent aquaculture system that leverages IoT (Internet of Things)

technologies and artificial intelligence to enhance the environmental conditions for aquatic organisms. Laravel

contributes to this goal by providing a flexible and scalable infrastructure that facilitates the collection, pro-

cessing, and analysis of data. Additionally, Laravel easily supports the integration of APIs, allowing sensors

and smart devices to be seamlessly incorporated into the system. With these capabilities, farmers can utilize a

comprehensive system that provides precise analytics and real-time recommendations.

Here are some basic steps by which our intelligent system was created in Laravel:

The basic steps to create a login and registration system in Laravel:

A login and registration system is an essential part of many web applications, allowing users to sign up (create

an account) and log in to access features specific to registered users. In Laravel, the login and registration

system is provided through a set of built-in tools and features that make the implementation process easy and

quick.

After installing Laravel and configuring the database settings in the .env file, we ran the migrations to create

the necessary tables for user authentication. Next, we installed the Laravel Breeze package, which provides the

basics of authentication, allowing us to set up a login and registration system easily and quickly. We used this

system as part of a smart aquaculture application, which enables users to create accounts and log in to access

advanced and efficient features related to the aquaculture system.

This data is then transmitted to the Node-RED program on the computer via the serial port.

Receiving and Processing Data Using Node-RED:
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We used the Node-RED program to receive data from the Arduino, process it, and display it as live charts

on the program’s dashboard . To draw the chart in Node-RED, we used the ui-chart. node, which is part of

the Dashboard node. The process involved dragging the ui-chart . node from the sidebar to the workspace,

configuring it by selecting the obtained data and customizing the appearance of the chart (such as in the form

of arc). Then, we connected the data source (Arduino) to the ui-chart. node and deployed the flow. After-

wards, we accessed the Node-RED dashboard to view the generated chart and displayed it on the program’s

Dashboard.Figure shows illustrates the method on Node-RED:

Figure 26: illustrates the method on Node-RED

Database Using XAMPP:

XAMPP is an integrated development environment that includes an Apache server, MySQL database, and

PHP. It is used to store user data securely and systematically in the database when users access the website.

We start by clicking start in Apache and MySQL Figure shows the database of some of those registered in our

program

51



4 SYSTEM DESIGN AND IMPLEMENTATION

Figure 27: XAMPP program

Figure 28: Database
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The main interface of the program(Home Page):

The main interface of the program (Home Page) welcomes visitors and provides an overview of the content

and available services. The aquaculture site features a well-designed, user-friendly interface with rich infor-

mational content and high-quality images. The site logo, "Aquaculture," appears at the top left, and the top

navigation bar includes key options such as Home, Dashboard, About Us, Services, Pricing, Contact, Login, and

Register. The interface includes a large background image depicting a modern aquaculture farm with a large

fish tank, sensors, and other equipment. A prominent "Get Started" button is centered on the page, directing

users to a page with information on how to use the company’s precise aquaculture services.

Figure 29: Home Page

The main interface of the intelligent aquaculture program serves as a comprehensive gateway that welcomes vis-

itors and provides an overview of the available content and services. It features a well-designed and user-friendly

layout, combining rich information and high-quality images. The interface acts as a central entry point for users,

facilitating access to content and services while providing an integrated user experience. It aims to improve

the user experience, ease access to various sections of the site, and enhance knowledge with rich informational

content, making it a valuable tool for farmers, researchers, managers, and environmental engineers who seek to

improve aquaculture operations using advanced technologies. The interface strives to promote environmental

sustainability and increase productivity by offering a central platform that supports effective communication

and provides accurate information and integrated services.
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Loge in page:

This page is the registration page. This page is used to create new user accounts. The page typically in-

cludes two fields:

Username: A unique identifier for the user.

Password: A string of characters or numbers used to verify the user’s identity.

Email: Used to send confirmation messages and other information to the user.

First Name: The user’s first name.

Last Name: The user’s last name.

This page is the login page. This page is used to allow users to access their accounts on a website or computer

system.

The page typically includes two fields:

Username: A unique identifier for the user.

Password: A string of characters or numbers used to verify the user’s identity.

The page may also include other options, such as:

Remember Me: If this option is selected, the website or computer system will save the user’s username and

password so they do not have to enter them again each time they browse the site or use the system.

Forgot Password?: This link provides a way for users to recover their password if they forget it.

Figure 30: Loge in page

Registration Page:

The registration page in the smart aquaculture system serves as a vital interface allowing users to create

new accounts to access the system. This page acts as the initial step in the user experience, enabling users to

input their personal information such as username, password, email, first name, and last name. Its primary

role is to verify user identity and ensure data security by establishing unique identifiers and passwords. The

page enhances system security, facilitates account management, and provides a seamless user experience. It is

utilized by farmers, researchers, managers, and environmental engineers seeking efficient management of aqua-

culture operations. The goal of the registration page is to provide a secure and user-friendly method for users

to establish new accounts, thereby enhancing data security and providing an integrated user experience. Its

importance lies in serving as the starting point for user interaction with the system, ensuring accurate user
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registration and effective management.

Login Page:

The login page in the smart aquaculture system is a fundamental interface allowing users to access their accounts

within the system. This page verifies user identity through username and password input. Additionally, it offers

options such as "Remember Me," which saves login information for future access, and "Forgot Password?" to

facilitate password recovery. Its role is to ensure that only authorized users can access the system, enhancing

data security and protecting sensitive information. Benefits include easy system access, improved user experi-

ence through login options, and enhanced system security. The login page is used by the same target audience

as the registration page, including farmers, researchers, managers, and environmental engineers. Its goal is to

provide a secure and streamlined method for users to access their accounts, ensuring system security and ease

of access to information and functionalities. Its importance lies in restricting system access to authorized users,

thereby maintaining data security and privacy.

Health table page

The image shows a page from the intelligent aquaculture system software titled "Health table". This page

is a data entry form designed to record medication information for the aquaculture system.

Page Components

Date: A field for entering the date using the format mm/dd/yyyy, allowing the user to specify the exact

date of medication administration.

Time: A field for entering the precise time using a time picker, ensuring accurate tracking of when the medica-

tion was administered.

Type of Medication: A text field for entering the type of medication given to the aquatic organisms, helping in

categorizing and managing different types of treatments.

Designation: A text field for entering a specific label or description of the medication, aiding in detailed record-

keeping and identification.

Quantity: A text field for entering the amount of medication administered, which is crucial for dosage tracking

and ensuring proper treatment.

Submit Button: The "Submit" button is used to submit and record the entered data into the system, allowing

for immediate updating of medication records.

This table plays a vital role in the intelligent aquaculture system by providing an organized and user-friendly in-

terface for recording medication data. Accurate tracking of medication types, dosages, and administration times

is essential for maintaining the health and well-being of the aquatic organisms. This data helps in monitoring

the effectiveness of treatments, preventing over- or under-medication, and ensuring compliance with health and

safety standards. By recording this information, the system can better manage and optimize the health care of

the aquatic environment, contributing to the overall success and sustainability of the aquaculture operation.
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Figure 31: Health Table

Food table page

The image shows a page from the intelligent aquaculture system software titled "Aquaculter Free". This page

is a data entry form designed to record and monitor the feeding of fish or aquatic organisms in aquaculture

systems.

Page Components

Date and Time: the date field allows the user to select the current date or specify a specific date using a

calendar.

The time field allows the user to set the exact time for recording feeding data.

Type of Food: A dropdown menu to select the type of food provided to the aquatic organisms (in this case,

"Vegetable" is selected).

Quantity: A text field to enter the quantity of food provided, which helps in accurately monitoring and record-

ing the amount of food. Observations: A text field to add any notes or comments related to the feeding process

or the condition of the aquatic organisms, providing additional details that may be important for managing the

system.

Submit Button: The "Submit" button is used to submit and record the entered data into the system, allowing

for immediate updating of records.
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Figure 32: Food Table

This table plays a vital role in the intelligent aquaculture system by providing an easy and organized way to

record daily feeding data. This data helps improve feed management and ensures the appropriate quantities and

types of food are provided to the aquatic organisms, contributing to their health and growth. Additionally, the

added observations allow for monitoring the general condition of the aquatic organisms and quickly identifying

any issues that may arise, enhancing the system’s efficiency and sustainability.

Purchasing table page

The image shows a page from the intelligent aquaculture system software titled "Purchasing Input Form".

This page is a data entry form designed to record purchase transactions related to aquaculture systems.

Page Components

Date: A field for entering the date using the format mm/dd/yyyy, allowing the user to specify the exact date

of the purchase.

Type: A text field for entering the type of item purchased, whether it is fish feed, equipment, or other necessary

materials for the system. Designation: A text field for entering a label or description of the purchased item,

which helps in better identifying the materials.

Quantity:A text field for entering the quantity of the purchased item, aiding in inventory control and manage-

ment.

Price: A text field for entering the price of the purchased item, helping in tracking costs and financial expendi-

tures.

Submit Button: The "Submit" button is used to submit and record the entered data into the system, allowing

for immediate updating of records.

This table plays an important role in the intelligent aquaculture system by providing an easy and organized way

to record purchase data. This data helps improve resource management and ensures the continuous availability

of necessary materials. Additionally, recording quantities and prices helps track costs and manage the budget
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Figure 33: pushen Table

more effectively, enhancing the system’s efficiency and sustainability.

Incident table page

The image shows a page from the intelligent aquaculture system software titled "Problemes Input Form".

This page is a data entry form designed to record problem information related to the aquaculture system.

Page Components

Date: A field for entering the date using the format mm/dd/yyyy, allowing the user to specify the exact date

when the problem was identified.

Time: A field for entering the precise time using a time picker, ensuring accurate tracking of when the problem

was noticed.

Type of Problem: A text field for entering the type of problem encountered in the aquaculture system, helping

in categorizing and managing different types of issues.

Description: A text field for entering a detailed description of the problem, aiding in comprehensive record-

keeping and identification.

Severity: A drop-down menu for selecting the severity level of the problem (e.g., Low, Medium, High), which is

crucial for prioritizing responses and actions.

Submit Button: The "Submit" button is used to submit and record the entered data into the system, allowing

for immediate updating of problem records.
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Figure 34: Incident Table

This table plays a vital role in the intelligent aquaculture system by providing an organized and user-friendly

interface for recording problem data. Accurate tracking of problem types, descriptions, and severity levels

is essential for maintaining the health and operational efficiency of the aquaculture environment. This data

helps in monitoring recurring issues, identifying patterns, and implementing timely solutions, which are crucial

for preventing disruptions and ensuring the smooth functioning of the aquaculture system. By recording this

information, the system can better manage and address problems, contributing to the overall success and sus-

tainability of the aquaculture operation.

Dashboard

The Dashboard, or Control Panel, is a graphical user interface typically composed of multiple interface ele-

ments displaying important information and providing users with easy access to various functions. Dashboards

are commonly used in web applications to manage and display data in an organized manner, providing tools

for controlling and supervising the system or application. Basic Components of the Dashboard: A set of charts

or a series of curves to represent data.

This Dashboard is designed to monitor and control the vital characteristics of the aquatic environment. The

following are displayed on the dashboard

Date and Time:

Temperature , pH end oxg

Health Status:

The following illustration demonstrates that in the event of any undesirable change, such as a variation in a key

factor or water property, an alert signal will be sent. This will be manifested by a change in the chart where

the indicator rises, accompanied by a warning message displayed.

The Dashboard, also known as the Control Panel, is a graphical user interface typically composed of multiple

elements displaying critical information and providing easy access to various functions. Dashboards are com-

monly used in web applications to manage and present data in an organized manner, offering tools for system

or application supervision and control. Key components of the Dashboard include a set of charts or graphs that

simplify data representation. This Dashboard is specifically designed to monitor and control vital characteristics
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Figure 35: Dashboard

of the aquatic environment, typically displaying: Date of measurements. Current temperature. Overall health

status of the aquatic environment. The Dashboard functions to provide a direct and effective visual display of

data, facilitating administrators and end-users in monitoring the current system status comprehensively. It is

utilized by farmers, researchers, environmental engineers, and project managers who require precise environ-

mental insights to make informed decisions. The goal of the Dashboard is to enhance the management and

monitoring of aquatic environments, ensuring sustainability through organized and accurate data presentation.

Its importance lies in facilitating access to critical information and prompt decision-making, thereby improving

the efficiency of aquaculture operations and promoting overall environmental and economic sustainability of the

system.

4.8 Testing

Scenario 1: Temperature Monitoring

Description: Monitoring the water temperature to ensure it remains within the optimal range.

Simulated Data: Temperatures generated between 15 and 30°C.

Analysis: Use of algorithms to detect anomalies when the temperature falls outside the optimal range (20-25°C).

In case of temperature changes:

– If the temperature drops below 20°C: the heating system is activated and the vent protection device

opens.
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Figure 36: Activating the heating system

– If the temperature rises above 25°C: the cooling system is activated to lower the temperature to the

optimal range.

Figure 37: Activating the cooling system

Scenario 2: pH Control

Description: Monitoring and adjusting the pH to maintain a healthy environment for the fish.

Simulated Data: pH values generated between 6.5 and 8.5.

Analysis: Detecting sudden pH variations and activating correction systems when values fall outside the optimal

range (7.0-7.5).

In case of pH changes:

– If the pH drops below 7.0: the pH correction system is activated to raise the pH to the optimal range.

– If the pH rises above 7.5: the pH correction system is activated to lower the pH to the optimal range.
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Figure 38: Activating the pH correction system

Figure 39: Activating the pH correction system

Scenario 3: Salinity Monitoring

Description: Monitoring and adjusting the salinity level in the water to ensure a suitable environment for

aquatic organisms.

Simulated Data: Salinity levels generated between 1 and 5 parts per thousand (ppt). Analysis: Use of algo-

rithms to detect sudden changes in salinity and activate adjustment systems when the level falls outside the

optimal range (2-3.5 ppt).

In case of salinity changes:

– If the salinity drops below 2 ppt: the salinity correction system is activated to increase the salinity

to the optimal range.

– If the salinity rises above 3.5 ppt: the salinity correction system is activated to lower the salinity to

the optimal range.

Scenario 4: Oxygen Monitoring

Description: Monitoring and adjusting the dissolved oxygen level in the water to maintain a healthy envi-

ronment for aquatic organisms.

Simulated Data: Dissolved oxygen levels generated between 4 and 10 mg/L.

Analysis: Use of algorithms to detect anomalies in oxygen levels and activate aeration systems when the levels
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fall outside the optimal range (6-8 mg/L).

In case of oxygen level changes:

– If the oxygen level drops below 6 mg/L: the aeration system is activated to increase the oxygen level

to the optimal range.

– If the oxygen level rises above 8 mg/L: the aeration system is activated to lower the oxygen level to

the optimal range.

4.9 Data Analysis

The data analysis process for the intelligent aquaculture system involves several sequential steps aimed at

understanding and improving water quality and ensuring operational sustainability. This process heavily relies

on the Internet of Things (IoT), which is a fundamental component of the system. The process begins with the

collection of integrated data from multiple sensors monitoring vital parameters such as temperature, pH levels,

and dissolved oxygen. This data is effectively transmitted to the main control center or the cloud for remote

analysis and monitoring.

Using statistical analysis tools and advanced techniques, the data is deeply explored to understand temporal

trends and underlying patterns. Anomaly detection are also applied to identify any unusual changes in the

sensor data, aiding in the early identification of issues that require immediate attention.

We have displayed sensor data on our smart system’s dashboard after successfully transmitting it from the

sensors via the simulator. the graphs include changes in water temperature, pH value, salinity, and dissolved

oxygen. This data reflects the stable state of the aquatic environment by displaying the normal and appropriate

values for each of these parameters.

4.10 Disscussion

This comprehensive and integrated approach, the system excels in providing an optimal aquatic environment

for the growth of marine organisms and the overall health of the ecosystem. This strategy is a fundamental

part of the intelligent management of the aquaculture system, as it contributes to environmental sustainability

and improves operational efficiency. This leads to the effective and sustainable management of environmental

resources.

Operational Efficiency:

The automated control capabilities reduce the need for constant manual intervention by farmers. This automa-

tion not only saves time but also ensures that the water quality remains within optimal ranges at all times,

enhancing the overall productivity of the aquaculture system.

Improved Decision-Making:

With the data being continuously monitored and logged into a cloud-based database, farmers have access to

historical and real-time data. This information is crucial for making informed decisions regarding feeding,

medication, and general pond management. Our system includes comprehensive tables for feed, medication,

and incidents, which helps farmers track and manage these aspects efficiently.

Enhanced Productivity and Profitability:

By maintaining optimal water quality conditions, the risk of disease outbreaks and fish mortality is significantly
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reduced. This leads to healthier and faster-growing fish, ultimately increasing productivity and profitability for

the farmers.

Alerts and Notifications:

The system is also equipped to send alerts and notifications in case of any anomalies, ensuring that farmers can

take immediate action to address potential issues. This feature is particularly beneficial for preventing disasters

and minimizing losses.

The intelligent aquaculture system represents a significant advancement in sustainable management of aquatic

environments, relying on the Internet of Things (IoT) to monitor and analyze critical environmental parameters

such as temperature, pH levels, dissolved oxygen, and salinity. The system begins by collecting and cleaning

data to ensure accuracy, followed by in-depth analysis using advanced statistical tools and anomaly detec-

tion algorithms to identify trends and unusual changes. One of the key features is real-time alerting, which

activates alarms and visual cues when predefined thresholds are exceeded, enabling rapid response from the

specialized team. The dashboard displays data interactively and visually, facilitating informed decision-making.

This system improves environmental monitoring and control, enhances operational efficiency, enables early is-

sue detection, promotes sustainability and resource management, and supports regulatory compliance. With

this comprehensive approach, the system provides an optimal aquatic environment for the growth of marine

organisms and ensures the long-term sustainability of environmental resources.

4.11 Conclusion

In conclusion, the intelligent aquaculture system represents a significant advancement in improving production

quality and operational efficiency in aquaculture. By leveraging IoT technologies and artificial intelligence, this

system provides precise analytics and real-time recommendations, enhancing the environmental conditions for

aquatic organisms and ensuring maximum productivity. The system offers a flexible and scalable infrastructure

that enables efficient data collection and processing, seamlessly integrating smart devices and sensors. Utilizing

advanced technologies like Laravel and Node-RED allows for the creation of user-friendly interfaces and effective

monitoring and analysis processes. This contributes to the sustainability of aquaculture and improves the quality

of marine products. With this technology, farmers can achieve new levels of efficiency and productivity, utilizing

modern technology to meet their environmental and economic goals.
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Chapter 05

5 General Conclusion
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5.1 Conclusion

In concluding our journey through the Internet of Things (IoT) revolution in aquaculture, we can confidently

say that this technology has opened endless horizons for this vital field.

IoT has become a smart window overlooking the world of aquaculture, enabling us to better understand the

needs of fish and interact with them in a scientifically precise manner.

Aquaculture is no longer solely reliant on the intuition and experience of farmers but has evolved into a precise

science managed by artificial intelligence. It analyzes data, extracts knowledge from it, and guides fish farmers

towards the best practices to achieve the highest levels of productivity.

The benefits of IoT extend beyond improving productivity; they also include enhancing sustainability by reduc-

ing resource consumption and environmental impact, improving the quality of the final product, and enhancing

food security worldwide.

With IoT, the future of aquaculture is no longer unknown but rather illuminated with promising opportunities,

heralding a new era of abundance and self-sufficiency.

However, like any scientific revolution, the journey of IoT is not without its challenges. There is still much work

to be done to develop this technology further and expand its application.

Nevertheless, with determination and perseverance, there is no doubt that we can overcome these challenges and

turn IoT into a revolutionary tool that brings about a qualitative leap in the field of aquaculture, contributing

to building a better future for humanity and the environment.

Together, we can turn the IoT revolution into a tangible reality, making aquaculture a rich source of food and

prosperity for future generations.

5.2 Perspectives :

The perspective of the smart system Aqualink in aquaculture lies at the intersection of aquaculture, technology,

and data analytics. It represents a transformative approach to aquaculture by leveraging advanced technology

and IoT techniques to improve aquaculture practices and increase productivity:

1- Precision Aquaculture: The smart system embodies the principles of precision aquaculture, focusing on

increasing productivity, improving the quality of aquatic products, reducing production costs, and enhancing

profitability while also improving fish health and welfare. Aquaculturists can make precise, data-driven decisions

tailored to the specific needs of aquatic organisms. This approach increases the efficiency of water resource

utilization, reduces waste, and ensures optimal development of the field.

2- Data Collection: The smart system leverages data analytics and artificial intelligence to provide valuable

analyses and recommendations. By analyzing vast amounts of data from diverse sources, aquaculturists gain

a deeper understanding of the appropriate environment for aquatic life, enabling them to provide suitable

conditions based on real-time and historical data. This data-driven approach enhances production efficiency

and productivity.

3- Real-Time Monitoring and Intervention: The system enables real-time monitoring of aquacultural conditions,

including temperature, oxygen levels, and humidity. This allows for the detection of changes or problems and

prompt response. By providing alerts and notifications, the system empowers aquaculturists to take immediate

action, preventing potential losses of aquatic organisms and optimizing returns.
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4- Risk Mitigation and Resilience: The smart system helps mitigate risks associated with diseases, pollution, or

adverse environmental conditions that could affect aquatic organisms. By providing accurate aquatic forecasts,

early detection of unexpected changes, and disease monitoring, it enables aquaculturists to implement preventive

measures and take timely corrective actions. This enhances the resilience of aquaculture operations and reduces

financial losses.

5- Accessible and User-Friendly Technology: The smart system aims to make advanced technology accessible

and user-friendly for aquaculturists. User-friendly interfaces, mobile applications, and simplified visualizations

enable easy interaction with the system and understanding of the analyses and recommendations provided. This

ensures that technology adoption is not a barrier and empowers aquaculturists of all backgrounds to leverage

the benefits of smart aquaculture.

5.3 The Future of smart Aquaculture

Smart aquaculture is still a relatively new field, but it has the potential to revolutionize the aquaculture industry.

As these technologies continue to develop, we can expect to see even more innovation and progress in the years

to come.

The future of smart aquaculture holds great promise for transforming fish production methods, addressing

environmental concerns, and enhancing efficiency. This future includes advanced monitoring systems that

collect real-time data on water quality, fish behavior, and ecosystem health. Automation and robotics will play

a significant role in streamlining tasks such as feeding, monitoring, and harvesting, thus improving efficiency

and reducing labor costs. Integration of data analytics and agricultural artificial intelligence will enable data-

driven decision-making to optimize production. Smart aquaculture will prioritize sustainability by minimizing

environmental impact and resource use, while also focusing on vertical integration and traceability for quality

and safety assurance.

67



REFERENCES

5.4 References

References

[1] Aquaculture: Environmental, toxicological, and health issues Author links open overlay panelDavid W.

Cole, Richard Cole, Steven J. Gaydos, Jon Gray, Greg Hyland, Mark L. Jacques, Nicole Powell-Dunford, Charu

Sawhney, William.W

[2] "Aquaculture: Farming Aquatic Animals and Plants" | by John S. Lucas and Paul C. Southgate | 19/20/2018.

[3] A method overview in smart aquaculture Published: 08 July 2020 Volume 192, article number 493, (2020)

Cite this article

[4] Journal of Medical and Biological Engineering (2021) 41:652–658 https://doi.org/10.1007/s40846-021-00621-

3 Applying Artifcial Intelligence (AI) Techniques to Implement a Practical Smart Cage Aquaculture Manage-

ment System

[5] Smart and Sustainable Aquaculture Farms Sustainability 2021, 13(19), 10685; https://doi.org/10.3390/su131910685

Submission received: 29 June 2021 / Revised: 19 September 2021 / Accepted: 23 September 2021 / Published:

26 September 2021

[6] Karim et al., International Journal on Emerging Technologies 12(2): 45-53(2021) | IoT Based Smart Fish

Farming Aquaculture Monitoring System

[7] A Review of Smart Fish Farming Systems | Received: 02.07.2015 | Accepted: 14.01.2016 Corresponding

author: Faizan Hasan MUSTAFA, Borneo Marine Research Institute, Universiti Malaysia Sabah, 88400 Kota

Kinabalu, Sabah, Malaysia

[8] Dr. HAFSAOUI Imed Cours destiné aux étudiants de 3ème Année Licence (Aquaculture et pisciculture)

Année Universitaire 2019 – 2020

[9] Kassem, T.; Shahrour, I.; El Khattabi, J.; Raslan, A. Smart and Sustainable Aquaculture Farms. Sustain-

ability 2021, 13, 685.

[10] The Digital Aquaculture Revolution, Technology. 2021. Available online: https://blog.techdesign.com/digital-

aquaculture-revolution (accessed on 23 February 2021).

[11] Smart and Sustainable Aquaculture Farms September 2021 13(19) | DOI: 10.3390/su131910685 | License:

CC BY 4.0

68



REFERENCES

[12] Costa-Pierce, B. A. (2002). Ecological Aquaculture: The Evolution of the Blue Revolution. Blackwell

Science Ltd.

[13] Li, S., Mathias, J. A. (1994). Freshwater fish culture in China: The past, present, and future. Aquaculture,

1-10.

[14] Hoffmann, R. C. (1996). Economic development and aquatic ecosystems in medieval Europe. American

Historical Review, 101(3), 631-669.

[15] Bardach, J. E., Ryther, J. H., McLarney, W. O. (1972). Aquaculture: The Farming and Husbandry of

Freshwater and Marine Organisms. Wiley-Interscience.

[16] FAO (2018). The State of World Fisheries and Aquaculture 2018: Meeting the Sustainable Development

Goals. FAO.

[17] An analysis on the preliminary benefits of aquaculture smart aeration control Chi-Yuan Lin, Yu-Tang Shen,

Yong-An Tsai, Chao-Chien Chen First published: 19 November 2022

[18] The Benefits of Aquaculture with IoT Technology Published 06/26/2018

[19] Global Aquaculture Forum, 2014. J. J. McGhie, S. J. Cooke, and P. J. Benzie.

[20] V.V. Daigavane and M.A. Gaikwad (2017) in International Journal of Modern Trends in Engineering and

Research.

Robotic System for Automation of Water Quality Monitoring and Feeding in Aquaculture Shadehouse | IEEE

Transactions on Systems, Man, and Cybernetics: Systems ( Volume: 47, Issue: 7, July 2017)

[21] Designing an IoT-Cloud Solution for Precision Aquaculture BY LIEW WEI ZHENG | JUNE 2023

[22] hreffile:///C:/Users/poste/Downloads/s40537-019-0268-2.pdffile:///C:/Users/poste/Downloads/s40537-019-

0268-2.pdf

[23] Somayya Madakam, R. Ramaswamy, Siddharth Tripathi, IT Applications Group, National Institute of

Industrial Engineering (NITIE), Vihar Lake, Mumbai, India. DOI: 10.4236/jcc.2015.35021.

69



REFERENCES

[24] Zainab H. Ali, Hesham A. Ali, Mahmoud M. Badawy, International Journal of Computer Applications

(0975 – 8887), Volume 128 – No.1, October 2015, Dept. of Computer Eng. Systems, Mansoura University,

Egypt.

[25] Tidwell, J. H., Allan, G. L. (2001). Fish as food: aquaculture’s contribution. EMBO reports, 2(11),

958-963.

[26] How Does the Internet of Things Work? What is IoT | HR Manager at SFJ Business Solutions Pvt. Ltd

Published Jul 16, 2019

[27] International Research Journal of Modernization in Engineering Technology and Science, Volume:04/Issue:04/April-

2022, Impact Factor- 6.752.

[28] Somayya Madakam, R. Ramaswamy, Siddharth Tripathi, IT Applications Group, National Institute of

Industrial Engineering (NITIE), Vihar Lake, Mumbai, India. DOI: 10.4236/jcc.2015.35021.

[29] International Advanced Research Journal in Science, Engineering and Technology ISO 3297:2007 Certified

Vol. 5, Issue 1, January 2018

[30] "Internet of Things: Principles and Paradigms" - Eds. Rajkumar Buyya, Amir Vahid Dastjerdi, 2016.

[31] "Internet of Things: Principles and Paradigms" edited by Rajkumar Buyya and Amir Vahid Dastjerdi.

[32] A method overview in smart aquaculture Published: 08 July 2020 Volume 192, article number 493, (2020)

Cite this article

[33] Hu, Z., et al. (2020). "An Overview of Methods in Smart Aquaculture." Environ. Monit. Assess. DOI:

10.1007/s10661-020-08409-9..

[34] https://hasonss.com/blogs/network-securityhttps://hasonss.com/blogs/network-security

[35] Overview of Smart Aquaculture System | Electronics 2021, 10(22), 2882; https://doi.org/10.3390/electronics10222882

Submission received: 25 August 2021 / Revised: 2 November 2021 / Accepted: 12 November 2021 / Published:

22 November 2021

[36] First published: 23 February 2023, DOI: 10.1002/aff2.102.

[37] Aquaculture environment interactions: Past, present and likely future trends | Asian Institute of Tech-

nology, Km 41, KlongLuang, Pathumthani 12120, Thailand Received 27 May 2014, Revised 2 February 2015,

70



REFERENCES

Accepted 3 February 2015, Available online 11 February 2015, Version of Record 12 August 2015

[38] Electronics 2021, 10(22), 2882; https://doi.org/10.3390/electronics10222882 Submission received: 25 Au-

gust 2021 / Revised: 2 November 2021 / Accepted: 12 November 2021 / Published: 22 November 2021

[39] Boyd, C. E., Tucker, C. E. (2012), Reviews in Fisheries Science, 20(1), 3-32.

[40] Yi, Y., Lin, G., Lin, Q., Luo, W. (2017), Reviews in Fisheries Science, 25(4), 522-537.

[41] A.S.M. Zobair et al. (2019) in the Journal of Cleaner Production.

[42] A.C. Niel et al. (2016) in IEEE Access.

[43] V.V. Daigavane and M.A. Gaikwad (2017) in International Journal of Modern Trends in Engineering and

Research.

[44] A. Purohit and U. Gokhale (2014) in Procedia Engineering.

[45] S.M. Sengar et al. (2017) in International Journal of Advanced Research in Computer Science and Software

Engineering.

[46] Overview of Smart Aquaculture System | Electronics 2021, 10(22), 2882; https://doi.org/10.3390/electronics10222882

Submission received: 25 August 2021 / Revised: 2 November 2021 / Accepted: 12 November 2021 / Published:

22 November 2021

[47] AQUACULTURE FISH and FISHERIES | Water quality monitoring in recirculating aquaculture systems

| Petra Lindholm-Lehto First published: 23 February 2023

[48] WATER QUALITY CONSIDERATIONS FOR AQUACULTURE Robert C. Summerfelt Department of

Animal Ecology Iowa State University Ames, IA 50011-3221

[49] General Relationship Between Water Quality and Aquaculture Performance in Ponds December 2017 |

Claude E. Boyd

[50] Cite as: Vincent Yong Kai Loung , Chee Yen Leow , Edwin Nair Jannatheran . IoT Smart Home Lighting

System using Arduino UNO and ESP8266. TechRxiv. December 13, 2021. DOI: 10.36227/techrxiv.17161949.v1

71



REFERENCES

[51] Politeknik Kolej Komuniti Journal of Engineering and Technology | Designing ESP32 Base Shield Board

for IoT Application Authors Helmi Jamaludin Politeknik Sultan Idris Shah

[52] "Aquaculture: Farming Aquatic Animals and Plants" | by John S. Lucas and Paul C. Southgate | 19/20/2018.

[53] Karim et al., International Journal on Emerging Technologies 12(2): 45-53(2021) | IoT Based Smart Fish

Farming Aquaculture Monitoring System

[54] Aqua Quality Monitoring System An Aid to Aquafarmers | Bachelor Thesis Electrical Engineering 03 2022

[55] Kassem, T.; Shahrour, I.; El Khattabi, J.; Raslan, A. Smart and Sustainable Aquaculture Farms. Sustain-

ability 2021, 13, 685.

[56] PHmeterskusen0161−DFRobot.[Online].Available:https://wiki.dfrobot.com/PHmeterSKU
SEN0161target0

[57] Gravityanalogtdssensor
meterf orarduinosku

sen0244−DFRobot.[Online].Available:https://wiki.dfrobot.com/Gravity
AnalogT DSSensor

MeterF orArduinoSKU
SEN0244?msclkid=e11a9fbbc30211ec91d9d4cee85db4d4

[58] ravity
analogdissolvedoxygensensorskusen0237−DFRobot.[Online].Available:https://wiki.dfrobot.com/Gravity

AnalogDissolvedOxygenSensorSKUSEN0237

72


