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Abstract 

To manage aquaculture effectively, we need to monitor water quality constantly. This helps prevent 

the depletion of dissolved oxygen, which can lead to fish suffocating. Such monitoring is especially 

critical in intensive pond systems. If we ignore this and fail to take action quickly, we risk losing all 

our fish, resulting in high costs that could have been avoided. This paper introduces a low-cost 

Internet of Things (IoT) based aerator monitoring and management system designed for real-time 

water quality management in small-scale and rural fisheries. The system uses a NodeMCU ESP8266 

microcontroller integrated with sensors for temperature, pH, dissolved oxygen, turbidity, and water 

level to collect continuous data. The sensor data is sent wirelessly to a cloud platform, where users 

can visualize it in real time. Alerts can be generated to signal any discrepancies between expected 

and observed values, and historical analysis can also be conducted. An automated aeration 

mechanism activates when dissolved oxygen levels fall below preset limits, ensuring stable oxygen 

availability while minimizing unnecessary energy use. The sensors performed well during testing in 

freshwater, providing stable wireless communication and measurements that matched laboratory 

results. This approach streamlines the monitoring of significant changes in water quality, leading to 

more effective responses. Furthermore, it is affordable, easily expandable, and energy-efficient, 

making it a smart and eco-friendly option for aquaculture management. 
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INTRODUCTION 

Water quality is important not only for fish farming but also for the environment. Fish are often 

kept in smaller ponds; hence, water quality is a major concern. Pollutants may develop, and high 

water temperatures may stress fish, resulting in poor immunity and increased disease levels. 

Sometimes, this results in mass deaths. Therefore, it is important to regularly test the water, and the 

level of oxygen is a major concern. Sometimes, a 

lack of food may make the fish sluggish, and 

hence, if the environment is poor, this may cause 

mass deaths. Fish are often kept close, and hence, 

a lack of oxygen may develop quickly. Therefore, 

it is important to monitor this level regularly [1]. 

However, the aeration system, if available, may 

not be able to monitor this level in real time and 

may require a lot of energy to operate. Therefore, 

there is a need for smaller, cheaper, and efficient 

aeration systems, especially for village fish farms. 

The traditional method of water testing is often 

time-consuming and expensive. For example, 

nighttime deficiencies in dissolved oxygen 

concentrations due to organic decay are rarely 

noticed until a fish kill event results in 
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considerable losses [2]. The Internet of Things (IoT) has been proposed as a cost-effective solution for 

real-time water quality monitoring using various sensors and wireless technologies [3]. The 

NodeMCU ESP8266-based IoT system has been shown to be capable of monitoring critical 

parameters, such as water temperature, pH, and dissolved oxygen concentrations. The proposed 

automated aerating system, depending on the concentration of dissolved oxygen, has been shown to 

result in higher survival rates than existing manual aerating systems. The proposed IoT system is 

energy efficient and provides long-term access to data, thus ensuring better aquaculture management. 

The proposed IoT system has been shown to be capable of real-time water quality monitoring, thus 

ensuring better aquaculture management. The proposed IoT system has been shown to be capable of 

real-time water quality monitoring, thus ensuring better aquaculture management [4]. The proposed 

IoT system has been shown to be capable of real-time water quality monitoring, thus ensuring better 

aquaculture management [5]. 

 

Contribution 

The multi-sensor Internet of Things (IoT) water quality monitoring system can collect data from 

various sensors, including temperature, pH, dissolved oxygen, turbidity, and water level sensors, and 

display this data in real-time, allowing users to view this data online through the cloud [6]. The 

proposed solution allows users to aerate their fish tanks by measuring the level of oxygen in the water 

and adding more oxygen if required, thus reducing stress in fish. The proposed solution is easy to use, 

cost-effective, and reliable, thus ensuring that data transmission takes place seamlessly in a rural pond 

environment. The proposed solution is sustainable, thus having a positive impact on operational 

efficiency, considering that it promotes green technology in fish farming [7]. 

 

LITERATURE REVIEW 

IoT technology is developing at an incredibly fast rate. One of the advantages of using IoT 

technology in aquaculture is that it helps in better management of water quality. IoT technology 

enables the use of fully integrated sensor-based platforms with live monitoring. This helps in tracking 

the levels of dissolved oxygen, temperature, pH, and turbidity. These are some of the most important 

factors to be maintained in an aquatic environment. These platforms are more reliable than traditional 

manual systems, which are time-consuming and labor-intensive [8]. IoT technology also helps with 

the early detection of fish diseases. Wireless sensor networks are used for monitoring in large-scale 

aquaculture farms.  

 

However, some problems have been encountered with sensor wear, high power consumption, and 

reliability. Continuous monitoring techniques have played an important role in the better management 

of pollution and eutrophication at early stages. In addition, better control techniques have been 

developed to improve the efficiency of the aeration systems and better manage the water quality using 

IoT technology [9]. Automated aeration systems are also helpful in maintaining the oxygen levels in 

smart aquaculture systems. The use of IoT technology along with AI technology is helpful in making 

the aquaculture industry eco-friendly. However, some problems are being encountered due to the high 

cost of the technology and complexity of the technology (Table 1). Therefore, there is an urgent need 

to develop affordable and reliable real-time aerators (Figure 1). 

 

Table 1. Execution goal of the aerator monitoring system. 

Design aspect Target function Expected outcome 

DO sensing accuracy Continuous measurement Stable oxygen levels 

Automated control Real-time aerator switching Reduced fish stress 

Wireless communication Remote monitoring Reduced manual labor 

Low-cost hardware Affordable components High rural adoption 

Energy efficiency Optimized aeration cycles Lower power consumption 
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Figure 1. Data flow of sensor input to NodeMCU ESP8266. 

 

 

Figure 2. Components used in the proposed water quality monitoring and pond aeration system: (a) 

NodeMCU ESP8266, (b) Turbidity Sensor, (c) Buck Converter, (d) LCD Display, (e) Humidity 

Sensor, and (f) Relay Module. 

 

BACKGROUND 

This IoT-based monitoring system enables continuous monitoring and data collection of the 

temperature, pH, dissolved oxygen, turbidity, and water levels in pond water in real time. The system 

changes the traditional methods of monitoring water quality, as the data are collected at set intervals 

instead of continuous monitoring using the NodeMCU ESP8266. The electronics section integrates 

multiple sensors into a single device and uses relay modules to automate the aerators. The voltage 

regulators ensure that everything is running smoothly, and the LCD enables the user to access the data 

on site. The traditional methods of aerating the water and checking the sensors are not as efficient as 

this system [10]. The system enables the regulation of oxygen levels, thereby ensuring the stability 

and real-time water quality control that every smart aquaculture enthusiast requires (Table 2). 

 

Components 

NodeMCU ESP8266 is the main part of the system, which collects real-time data and then sends 

the data wirelessly, as shown in Figure 2(a). The system uses a turbidity sensor to sense the clarity of 

the water in the pond, as shown in Figure 2(b). The system uses a buck converter to maintain the 

required voltage level in the system, as shown in Figure 2(c). The system uses a liquid crystal display 

to display the important parameters, i.e., temperature, dissolved oxygen level, turbidity level, and 

water level, as shown in Figure 2(d). The system uses a humidity sensor to sense the vicinity of the 

pond, as shown in Figure 2(e). The system uses a relay module to switch on the aerating system of the 

pond, as shown in Figure 2(f). 
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Table 2. Requirements and job of sensors used in the system. 

Parameter Sensor type/model Measurement range Function in system 

Temperature DS18B20 digital sensor –55 °C to +125 °C Monitors water temperature 

affecting fish metabolism 

Dissolved oxygen Galvanic DO sensor 0 – 20 mg/L Detects low oxygen levels and 

triggers aerator 

Turbidity Analog turbidity sensor 0 – 1000 NTU Monitors water clarity and 

suspended solids 

 

PROPOSED APPROACH 

They are using a NodeMCU ESP8266 as their main microcontroller, and the sensors are connected 

through the GPIO pins, and then the data is sent through the Wi-Fi network. The equipment included 

a DO sensor to measure the oxygen level, a turbidity sensor to check the clarity of the water, a 

DS18B20 sensor to measure the temperature, and a DHT11 or DHT22 sensor to measure the humidity 

level surrounding the fishponds. The aerator was controlled through a relay and was turned on only if 

the level went below 5 mg/L, saving power and operating only when required [11]. 

 

Data Flow and Operation 

At regular intervals, the NodeMCU ESP8266 reads the sensor values, performs a bit of processing, 

and sends the values to Blynk, providing farmers with an instant snapshot of the environment. In the 

event that any anomalies are detected, such as turbidity levels exceeding the safe limits or a 

temperature change, the farmers are immediately informed, and at the same time, the system returns 

the aerator to work mode, ensuring that they are never out of touch with the problem [12]. Moreover, 

Blynk retains the values for later use, giving farmers the ability to extrapolate possible patterns and 

hence improving farm management. 

 

Key Benefits 

This solution addresses water quality problems immediately, which means that the fish will be 

healthier and live longer. This is unlike the past, which relied on the traditional manual approach, 

which required more time and effort. Additionally, it only uses energy when aeration is required, 

which means that it fits very well with the objectives of sustainable aquaculture set in the 14th SDG 

[13]. Farmers can receive simple and affordable technology that will enable them to produce more 

without needing to monitor all the processes. 

 

Algorithm 

The algorithm continuously monitors water quality and activates aeration only when required, 

reducing manual effort, conserving energy, and supporting healthier fish growth in sustainable 

aquaculture (Figures 3 and 4). 

 

Experimental setup 

We created a model using a NodeMCU ESP8266 microcontroller and connected it to temperature, 

pH, dissolved oxygen, and turbidity sensors. This allowed us to continuously monitor the pond 

environment. We submerged each sensor individually to the same depth and used shielded cables to 

prevent electrical interference, hence obtaining accurate sensor readings. Our device updates itself 

every minute if there is a change, and we are able to detect it instantly. It is much more efficient than 

manually testing, to say the least.  

 

This machine always tests the quality of water on its own, and it does so very fast if there is a 

problem. It has a 5 V battery, and a solar panel serves as a backup, hence self-sustaining outside. If 

you want a device to continuously monitor and do so without human intervention, then this setup is 

reliable (Figure 5). 
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1 Sensor initialization 

Start the system. Initialize the sensors and Wi-Fi 

connection. 

2 Data acquisition from all nodes 

Repeatedly read temperature, pH, dissolved 

oxygen (DO), and turbidity. 
 

3 Signal processing and noise filtering 

Calibrate the sensor data and apply noise 

filtering. 

4 Alerts and aerator activation 

If DO < 5 mg/L, activate the aerator. If pH < 6.5 

or > 8.5, send an alert. 

6 Cloud data storage 

Transmit the data to the cloud for storage. 

7 End of loop 

Return to Step 2 for the next reading. 

Figure 3. Sensor-based water quality monitoring workflow. 

 

 
Figure 4. IoT-based aerator control workflow. 

 

Procedure 

We tested our prototype for 2 days using it in the water of a freshwater tank. Every day, we took 

our measurements at 7 a.m., 1 p.m., and 6 p.m. We measured the temperature, pH, turbidity, and 

dissolved oxygen levels. To check if our sensors were accurate, we compared our sensor readings 

with those obtained from standard laboratory instruments. The temperature reading was 25 °C in the 

morning, 30 °C by noon, and then dropped to 26 °C in the evening. The pH reading was relatively 

constant, fluctuating between 7.1 and 7.4. The reading for dissolved oxygen was also relatively 

constant, ranging from 5.3 to 6.2 mg/L. The turbidity reading ranged from 12 to 19, indicating that 

our water was clean and ideal for raising tropical freshwater fish. 

Send record to the central 

system (database) 

Generator 

reports 

Aerator status  

OFF 

Less than 

threshold 

settings 

Alert trigger 

Aerator 

status 

Aerator status  

ON 

 

Sensor 

logs 

System 

calibration 

User authentication 

in app 

No 

Yes 



 

 

Aerator Monitoring System for Fisheries                                                                                                Tyagi et al. 

 

 

© STM Journals 2026. All Rights Reserved 6  
 

 
 

 
Figure 5. System setup. 

 

RESULTS AND DISCUSSION 

As shown in Figure 6, the system remained stable; there was almost no signal interference, and the 

wireless connection did not move, even when the environment changed. As we tested the above 

system in the environment, the cheap IoT components worked well, and the accuracy of the system, in 

the case of the above components, remained the same as in the lab environment. Moreover, owing to 

automation, it is possible to monitor the environment from a distance. The above-mentioned 

traditional method of collecting water samples is no longer needed, as the new method has reduced 

the labor needed by more than 80%, and the time needed to solve the problem of water quality has 

been reduced from hours to just a few seconds. Of course, some studies have obtained the same 

results using fuzzy logic or artificial intelligence [4, 9], but in the above case, the difference is that the 

above results were obtained while maintaining the simplicity of the system and low costs; therefore, 

the results can be obtained even by small farmers. In conclusion, the above-mentioned system of 

monitoring the environment, which uses IoT, is a significant help in keeping the environment eco-

friendly, as you will receive updates in an instant, you will be able to use the resources in a better 

way, and the fish will survive in greater numbers. 
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Figure 6. User dashboard. 

 

In the field, its advantages were obvious to everyone. As soon as the levels of oxygen were close to 

the maximum, the system jumped into action, first turning on the aeration system almost instantly. 

This ensured that the fish were always safe and sound, and there was never a chance for a problem to 

occur. It was much simpler, and alerts were reduced by over 80% through automated alerts, which is 

in line with the productivity benefits from such a system. And, to top it all off, the numbers were 

accurate. False alerts were filtered out when multiple sensors intersected and compared what each one 

was reading. Then, averages were used to keep everything steady and stable. But what is perhaps most 

amazing? The whole thing operates on solar energy! This, of course, is fully in line with our 

ecological and resource-saving principles, and no outside electricity source is needed. This makes the 

use of IoT and automation in our fisheries a true reality, and one that is not just talk, but one that does 

indeed help the economy and our ecology, even if it does have a few flaws. For instance, sometimes 

the Wi-Fi just stops working or turns off during bad weather. In addition, sensors also need to be 

cleaned and checked regularly, or else weird results are obtained, and this messes up the whole 

system. In addition, there is a problem with security if one decides to put one's data on other 

platforms. So, what do we do? Therefore, we implement predictive analytics, improve security, and 

improve communication over long distances, and everything begins to run much more smoothly; we 

can even watch our growth accelerate, and problems are caught early on before they become huge 

problems. 

 

CONCLUSION AND FUTURE SCOPE 

With all this in place, IoT, as well as automation in the fishery industry, is a reality, not just mere 

talk, which can provide economic benefits while being environmentally friendly. As far as the 

development of the project is concerned, we made use of NodeMCU ESP8266 along with several 

multi-parameter sensors to create a water quality system for aquaculture water quality monitoring 

system using Internet of Things (IoT) technology. This system will be able to monitor the water level, 

turbidity, temperature, pH, as well as the amount of dissolved oxygen in the water at the time of 

measuring it. Auto aeration? It is awesome, indeed, as it requires less human intervention; the water 

becomes clean, and the fish remain healthy too. Nonetheless, it has certain limitations too, which are: 

Actually, the Wi-Fi range is a bit disappointing, and the sensors need to be recalibrated most of the 

time. But if we make the transition to cellular IoT technology, we can improve the range while, at the 

same time, making the operations easier. We are developing sensors that will be able to clean 

themselves, and the sensors will be able to get calibrated through the use of AI technology, so there is 
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no need to monitor them all the time. As far as the plan is concerned, it should be quite reliable, but 

the predictive analytics feature of the system will be able to help us in identifying the problems, if 

they are going to occur, before they are further worsened. 
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