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Abstract - Aquaculture is essential for meeting the growing global demand for seafood by cultivating aquatic species in 

controlled environments such as ponds and tanks. This study presents an innovative IoT-based water quality monitoring system 

designed specifically for Mahseer fish farming. The system utilizes an ESP32 Development Board equipped with sensors to 

monitor water quality parameters and employs the Blynk 2.0 platform for real-time data visualization. A C/C++ algorithm 

managed through the Arduino IDE facilitates effective communication between the sensors and the microcontroller. The results 

demonstrate the system's effectiveness in maintaining optimal water conditions, enabling early detection and timely intervention 

for potential issues. This approach enhances the sustainability and efficiency of Mahseer fish farming. Future research will 

focus on refining accuracy, improving scalability, and integrating advanced data analytics to boost predictive capabilities and 
promote more efficient and profitable aquaculture practices. 
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1. Introduction 
Aquaculture, also referred to as aqua farming, is the 

carefully regulated rearing of aquatic animals, such as fish, 

mollusks, crustaceans, and plants, in ponds, tanks, and ocean 
enclosures [1]. With global demand for seafood on the rise, 

aquaculture has become a crucial contributor to the food 

supply chain, enhancing the availability of fish for human 

consumption and meeting nutritional needs worldwide [2]. 

However, while aquaculture helps address food security, 

sustainable production faces several challenges, particularly 

concerning environmental impact and resource efficiency. 

A significant gap exists in ensuring sustainable 

aquaculture that can meet both rising demand and 

environmental standards. This is especially relevant for 

producing native species, such as Mahseer, where balancing 

growth with ecosystem health is essential [3]. Water quality 
plays a pivotal role in fish health, growth, and reproductive 

success, making monitoring and managing water conditions 

vital to sustainable aquaculture practices [4]. 

To address these challenges, integrating Internet of 

Things (IoT) technology into aquaculture systems is emerging 

as a transformative solution. IoT provides real-time 

monitoring capabilities that enable fish farmers to manage 

water conditions effectively, thus improving overall efficiency 

and reducing risks [5]. For developing nations, such as India, 

where aquaculture contributes significantly to GDP, IoT-

based monitoring systems can play a critical role in 

safeguarding economic interests and supporting local food 

production [6]. 

The application of IoT in aquaculture is still evolving, yet 

it holds vast potential to support sustainable, resilient fish 

farming practices. Although the concept of IoT was 
introduced in 1999 by Kevin Ashton, its recent integration into 

aquaculture represents a novel approach within information 

technology [7]. In regions with challenging climates, such as 

Malaysia’s hot and humid conditions, IoT can optimize fish 

health management, ensuring that temperature, pH, and 

oxygen levels are maintained for optimal spawning conditions 

[8, 9]. 

Moreover, as disease outbreaks pose substantial risks to 

fish populations, controlling them without heavy reliance on 

antibiotics many of which are restricted in aquaculture by law 

becomes imperative [11]. Furthermore, economic challenges, 
such as high feed costs, push the industry to explore cost-

effective, sustainable alternatives, such as using recycled 

materials in feed [12, 13]. As global demand for protein 
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grows, addressing these economic and environmental 

constraints through innovative solutions like IoT can lead to 

more efficient, sustainable aquaculture systems [14]. 

The novelty of this research lies in its application of IoT 

technology specifically tailored to the needs and challenges of 

aquaculture in developing regions, where economic, 
environmental, and technological constraints often hinder 

sustainable fish farming. While IoT has shown transformative 

potential in many industries, its application in aquaculture is 

relatively recent. It is primarily limited to developed regions 

with more readily available resources and technological 

infrastructure. 

Existing research on IoT in aquaculture predominantly 

focuses on high-resource settings where the infrastructure 

allows for sophisticated, high-cost sensors and management 

systems. These studies demonstrate the benefits of IoT, 

including improved water quality control, disease prevention, 

and cost efficiency. However, they often lack emphasis on 
scalability and accessibility for resource-limited settings, 

where aquaculture practices and challenges differ 

significantly. For example, research in developed countries 

has implemented IoT-based closed-system fish farming with 

highly automated environments. However, the high costs and 

complex maintenance requirements are barriers for small-

scale farmers in developing nations. 

In contrast, this research proposes a more accessible, low-

cost IoT framework tailored for small-scale aquaculture, 

focusing on robust sensor technology and simplified 

management systems that address essential parameters such as 
pH, temperature, and oxygen levels. By streamlining these 

core functions, this study aims to improve fish health and yield 

in environments with limited infrastructure, making IoT more 

adaptable and sustainable for farmers in emerging economies. 

2. Literature Review  
Hajar Rastegari and colleagues (2023) studied internet 

Things in aquaculture. Aquaculture involves farming aquatic 
species under controlled conditions. Challenges in 

incorporating IoT systems in aquaculture include power grid 

access, internet connection, and environmental factors. 

Aquaculture has seen a technological revolution with the 

development of IoT, allowing for real-time monitoring of 

water quality and prediction systems to improve sustainability 

and profitability in the industry [15]. 

Aquaculture faces challenges due to rising seafood 

demand, but IoT-based water quality monitoring systems can 

boost productivity [16]. Marcelo Moro (2023) discusses the 

cost-saving and efficiency-improving benefits of IoT in 
"Implementation of an IoT-Based Water Quality Monitoring 

System for Aquaculture" [17]. The system, using temperature 

and quality monitoring sensors, offers remote tracking and 

instant notifications, addressing industry challenges. 

Mohammad Daud and the research team from Institut 

Teknologi Brunei developed an IoT-based prototype for smart 

aquaculture shrimp farming, automating manual monitoring 

and control to improve productivity and shrimp health [18]. 
Studies on the Malaysian mahseer, a valuable fish in Asian 

aquaculture, focus on morphology, genetics, reproduction, 

nutrition, and conservation to support conservation and fish 

farming initiatives [19]. 

An IoT-based system has been proposed to simplify pearl 

farming by monitoring water quality and maintaining an ideal 

underwater environment. As a result of global warming, 

annual rainfall has decreased, significantly reducing crop 

production for developing nations like India. Farmers find 

aquaculture-based farming challenging due to a lack of skills 

and monitoring issues [20]. 

3. Materials and Methods 
To address the unique requirements of Mahseer fish 

farming, this study proposes a detailed IoT-based system for 

real-time water quality monitoring. The primary objectives 

focus on designing a system using sensors and 

microcontrollers, improving accuracy and performance, and 

making data accessible via the Blynk IoT platform. The study 
aims to boost operational efficiency, promote environmental 

sustainability, and support the livelihoods of Mahseer fish 

farmers. 

Central to the approach is integrating the ESP32 

Development Board, which features built-in Bluetooth and 

Wi-Fi, providing connectivity and facilitating seamless data 

transmission. By using specialized sensors, including those 

measuring ammonia and water temperature, the system can 

capture a wide array of critical environmental data. The 

implementation process prioritizes data logging and 

calibration methods to ensure the system’s accuracy and 

reliability in monitoring parameters vital to Mahseer's health. 

The system’s decision-making flow, as shown in Figure 

1, includes specific thresholds for each parameter to automate 

environmental adjustments. For example, dissolved oxygen 

levels are set to maintain a range of 6-8 mg/L. Should these 

levels fall below 6 mg/L, calcium carbonate is released; if 

levels drop further to below 3 mg/L, an aerator is activated to 

oxygenate the water.  

Similarly, pH levels are kept within the 6.5-8.5 range, 

with automated adjustments via alkaline or acidic solutions. 

Ammonia and temperature thresholds ensure that levels 

remain optimal for Mahseer by triggering filtration and 
heating or cooling mechanisms as necessary. 

https://doi.org/10.1016/j.atech.2023.100187
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3.1. NodeMCU ESP 32 

The NodeMCU ESP32 serves as the system's central 

processing unit, with its dual-core processor operating at 

frequencies up to 240 MHz. This microcontroller handles real-

time data transmission and logging from multiple sensors. It 

supports Bluetooth 4.2 and 802.11 b/g/n Wi-Fi, enabling 
connectivity with the Blynk 2.0 IoT platform for remote 

monitoring and control [21]. 

3.1.1. System Architecture 

 ESP32 NodeMCU Microcontroller: Interfaces with each 

sensor to collect, process, and transmit data to the cloud. 

 Sensors: Dissolved Oxygen (DO), Ammonia (NH3), 

water temperature, and pH sensors connected to the 

ESP32 via analog or digital GPIO pins. 

 Blynk 2.0 Platform: A cloud-based platform used for real-

time monitoring, data logging, and system alerts. 

 Power Supply: 5V power for the ESP32 and sensors, 
stabilized with a voltage regulator to prevent fluctuations. 

 Actuators: Includes an aerator, heater, and pH correction 

system, all activated automatically based on sensor data. 

The ESP32 is programmed to send data at preset intervals 

to the Blynk app, allowing fish farmers to receive real-time 

smartphone alerts when any parameter deviates from optimal 

levels. 

3.1.2. Sensor Selection and Calibration 

 DO Sensor: Calibrated with an air-saturated solution for 

maximum DO levels and a deoxygenated solution for 

minimum levels. 

 Ammonia Sensor: Calibrated using reference ammonia 

solutions with known concentrations. 

 pH Sensor: Calibrated using standard buffer solutions, 

typically at pH 4, 7, and 10, to ensure accuracy across the 

full pH range. 

 Temperature Sensor: Checked against a reliable 

thermometer or standard to verify accuracy at different 

temperature points. 

Calibration is performed weekly to maintain accuracy, 

and each sensor has automated calibration routines 

programmed into the ESP32. 

3.2. Dissolved Oxygen (Do) Sensor 
The DO sensor is configured to provide measurements in 

mg/L or ppm and is calibrated regularly. The system logs 

readings at 10-minute intervals, which balances capturing 

real-time fluctuations and managing power consumption. If 

oxygen levels drop below the threshold, the ESP32 triggers 

the aerator, ensuring optimal conditions for Mahseer fish [22]. 

3.3. Ammonia Sensor (NH3) 

The NH3 sensor monitors ammonia levels, which is 

critical for preventing toxicity in Mahseer aquaculture. Data 

from the NH3 sensor is recorded at 15-minute intervals and 

compared against preset safe levels (e.g., 0.02 mg/L). Should 

levels exceed this threshold, the ESP32 activates a filtration 

system to reduce ammonia concentrations [23]. 

3.4. Water Temperature Sensor 

This sensor monitors water temperature to maintain it 
within the ideal range of 24-27°C for Mahseer. Data is logged 

every 5 minutes due to the sensitivity of fish to temperature 

changes. If temperatures rise or fall beyond the optimal range, 

the ESP32 will activate a heater or aerator to adjust the 

temperature. The sensor is calibrated regularly using a 

standard thermometer for accuracy [24]. 

3.5. pH Sensor 

pH readings are essential for preventing stress and 

promoting healthy growth in Mahseer. The pH sensor is set to 

log data every 10 minutes and has a range of 6.5–8.5 as the 

acceptable threshold. Should the pH drop below 6.5 or rise 

above 8.5, the ESP32 activates an acid or alkaline solution 
dispenser to correct the pH [25]. 

3.6. Software and Programming 

The study's algorithm, written in C/C++, controls the 

signals coming from the system's sensors. Sensor readings are 

continuously monitored using the Blynk 2.0 IoT platform, 

with notifications provided through the Blynk application 

[26]. The Arduino IDE is used to implement the project. 

3.7. Blynk 2.0 IoT Platform  

The Blynk 2.0 platform, which offers a feature-rich web 

dashboard with a drag-and-drop user interface editor for 

managing users, devices, and data, is depicted in Figure 2. It 
also offers a user-friendly add-on widget for the Blynk IOT 

smartphone application. Figure 3 shows the structure of the 

Blynk 2.0 activities. 

3.8. System Integration 

The Mahseer fish farming monitoring technology 

seamlessly incorporates a system of sensors, such as 

temperature, pH, dissolved oxygen, and ammonia. Every 

sensor has a distinct function in the water quality monitoring 

system. Coherent operation is ensured by connecting and 

coordinating various sensors into a single monitoring system 

through integration.  

For instance, the pH sensor determines acidity, the 
ammonia sensor detects ammonia concentrations, the 

dissolved oxygen sensor determines oxygen levels, and the 

temperature sensor determines the water's temperature.  

With the help of this integrated system, fish farmers can 

effectively monitor and control the Mahseer habitat, taking 

into account elements like stress management, successful 

reproduction, nutrition availability, and biological processes 

that run smoothly [27].  
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Fig. 1 System flowchart 

System integration also includes data processing and 

communication, and it includes a Wi-Fi module for data 

access and remote monitoring. The effectiveness of keleh fish 

farming operations is improved by this comprehensive 

integration, which promotes general well-being, 

sustainability, and prosperity. 

3.9. Hardware Setup  

Dissolved oxygen, ammonia, temperature, and pH 

sensors were attached to the proper pins on the ESP32 WiFi 

module to configure the hardware for the Mahseer fish 

farming monitoring system. 

To ensure accurate and dependable data gathering, it is 

essential to verify compatibility with the microcontroller and 

ensure adequate cabling. As the central hub, the ESP32 

enables wireless connectivity, enabling data access and 

remote monitoring. This well-organized hardware setup lays 

the groundwork for a smooth functioning system and possible 

future growth. 

3.10. Software Development  

During the software development stage, we programmed 

the ESP32 WiFi module using the Arduino IDE programming 
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the temperature, pH, ammonia, and dissolved oxygen sensors 

using the proper libraries and APIs. The developed code 

ensures that the sensors and the ESP32 module communicate 

with each other effectively by encapsulating the logic required 

for data detection and collecting. 

3.11.  Blynk Integration 
We used the Blynk 2.0 IoT platform, allowing real-time 

monitoring and data visualization. The authentication token 

was one of the necessary credentials we acquired after 

registering and establishing a project specifically for our 

system. We set up pertinent widgets inside the Blynk project 

by establishing a connection between the ESP32 WiFi module 

and the Blynk platform with these credentials. 

These widgets are designed to show and track the 

information obtained from the temperature, pH, ammonia, and 

dissolved oxygen sensors. They offer a convenient user 

interface for thorough system management. 

3.12. Testing and Deployment 
In order to ensure reliable readings, we tested and 

confirmed the sensor's operation. After securing hardware and 

guaranteeing steady connections, the system was put into use 

in the Mahseer fish farming setting. In order to provide a 

dependable and functional monitoring solution with real-time 

insights and notifications, system parameters were adjusted 

through continuous monitoring throughout the deployment. 

3.13. Security Measures and Data Privacy 
Mahseer fish farming must employ encryption for safe 

data transfer, access controls to manage permissions, and 

privacy policy compliance to provide strong security and data 

privacy. These safeguards, safe means of communication, and 

frequent security audits establish a reliable and robust 

monitoring system. 

3.14. System Structure 

A system structure and schematic design that integrates 

many sensors with an ESP32 microcontroller that is 

programmed using the Arduino IDE and linked to the Blynk 

2.0 IoT platform are shown in Figures 4 and 5, respectively. 

The sensors collect data and transmit it to the ESP32 
microprocessor. Examples of these sensors include 

temperature, gas, and pH sensors. As the primary component, 

this microcontroller processes the incoming data.  

 
Fig. 2 Blynk dashboard 

 

 

 

 

 

 

 

Fig. 3 Blynk configuration topology
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Fig. 4 System architecture 

 

Fig. 5 Schematic diagram 

The Arduino IDE is used to write, compile, and upload 

code to the ESP32 to perform its intended purpose inside the 

system. The Blynk 2.0 platform enables real-time data 

visualization and continuous monitoring by linking the system 

to the cloud. As a result, users may effectively monitor and 
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4. Results and Discussion 
As seen in Figure 6, Information Shown: (a) pH Level; 

(b) NH3 Level. The collected data indicates that the pH of the 
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guarantee ideal circumstances for their health. Maintaining an 

appropriate aquatic environment will require more research on 

the causes of high pH, such as the presence of specific 

minerals or chemicals. 

The detected amount of Ammonia (NH3) in the water 

samples is 0.03 parts per million. In aquaculture, ammonia in 

all forms is an essential metric to keep an eye on since high 

concentrations can be detrimental to fish. A well-managed 

ammonia environment is indicated by the detected low 

concentration, which is encouraging. To avoid any possible 

increases and guarantee long-term viability, continuous 

observation of the Mahseer fish population is required. 

Proactive management plans can be developed by thoroughly 

examining the system's sources and dynamics of ammonia. 

Data presented, as shown in Figure 7: DO level (a); 
temperature level (b). The water's Dissolved Oxygen (DO) 

content is measured at 0.20 mg/L. Fish require a sufficient 

amount of dissolved oxygen to support their respiratory 

systems. The amount found falls within the range that Mahseer 

fish can tolerate, indicating that the habitat is favorable and 

oxygenated. It will be essential to keep an eye out for any 

potential deviations and maintain the fish's ideal oxygen 

levels. 

The temperature of the water is 29.25°C. The recorded 

temperature is within the range that Mahseer fish enjoy, and 

they normally flourish in tropical settings. However, for the 

general well-being and expansion of the fish population, 

stability and the avoidance of abrupt temperature swings are 

crucial.  

The data is represented graphically in a graph that makes 

it easier to monitor in real-time, giving interested parties the 
ability to track changes and patterns over a customizable time 

frame of one hour to three months. This dynamic depiction 

guarantees prompt interventions when needed by enabling 

quick reactions to abrupt changes in water quality. The visual 

aid will prove to be an invaluable instrument in trend analysis 

as data is gathered, helping to spot patterns that might impact 

the long-term water quality and, in turn, the well-being of 

Mahseer fish. This flexibility in monitoring duration improves 

our capacity to make deft judgments and use flexible 

management strategies inside the fish farming system. 

Table 1. Recommended water quality parameters for mahseer fish 

farming 

Parameters Value Ranges References 

Water Temperature 24ºC – 30ºC [28, 29] 

pH 6.5-8 [24] 

DO 6-9 ppm [30, 31] 

NH3 0.02-0.05ppm [23] 

         

                    Fig. 6 Data presented (a) pH level, and (b) NH3 level.                                 Fig. 7 Data presented (a) DO level, and (b) Temp level. 
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5. Conclusion 
This study addresses the significant challenges faced in 

Mahseer fish farming by introducing an advanced IoT-based 

water quality monitoring system. By leveraging precise 

sensors and integrating them with the ESP32 Development 

Board, the system provides real-time monitoring of critical 

water quality parameters, including temperature, pH, 

dissolved oxygen, and ammonia. The deployment of this 

technology, supported by the Blynk 2.0 IoT platform, 

facilitates immediate corrective actions, ensuring optimal 

conditions for the health and growth of Mahseer fish. 

The results demonstrate that the IoT-based system can 

effectively monitor and maintain suitable water quality 
conditions. The recorded data on pH, ammonia, dissolved 

oxygen, and temperature fall within acceptable ranges, 

ensuring a conducive environment for the fish. Continuous 

monitoring and the ability to visualize data trends over time 

are crucial for the early detection of potential issues and timely 

interventions. This innovative approach not only enhances the 

sustainability and efficiency of Mahseer fish farming but also 

contributes to environmental conservation by enabling better 

management of water resources. Integrating IoT technology in 

aquaculture practices exemplifies a transformative step 

towards achieving the Sustainable Development Goals 
(SDGs), promoting responsible production and consumption 

and conserving aquatic life. 

Future work should focus on expanding the IoT-based 

water quality monitoring system by incorporating additional 

parameters and enhancing predictive capabilities through 

advanced data models. To provide a more comprehensive 

view of the aquatic environment, additional sensors could be 

integrated to measure factors such as turbidity, salinity, and 
nutrient levels alongside pH, dissolved oxygen, and ammonia. 

This would enable more precise management of fish farming 

conditions. Furthermore, developing and training machine 

learning models to analyze the data and predict potential water 

quality issues, such as oxygen depletion or ammonia buildup, 

would allow for proactive management. These predictive 

models could automate corrective actions and improve 

decision-making by leveraging historical and real-time data. 

Enhancing the accuracy of these models through larger, more 

diverse datasets will also be key in improving their reliability 

across various environmental conditions. These advancements 

will significantly improve the system's ability to manage water 
quality and contribute to more efficient, sustainable fish 

farming practices. 
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