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ABSTRACT 

This study is focused on the bangus (milkfish) aquaculture industry in Davao Region, crucial to the local economy and food supply. Ensuring optimal water quality 

is essential, but traditional monitoring methods are labor-intensive and prone to inaccuracies. This research presents an Arduino and ESP32-based water sensor 

robot for enhanced bangus pond management. The system continuously monitors the water's health such as temperature, pH, and also an application-controlled 

feeding system that promotes accessibility and ease with feeding the bangus. An app is made for this robot to manually be used for manual checking and provide 

real-time data . The robot’s design, development, deployment, and performance in improving water quality and management efficiency are evaluated in which the 

temperature sensor has an average error  of 0.1 °C, the pH sensor having a 0.09 average error and the application-controlled feeding system having a 0.658% 

average error percentage. By automating monitoring, this research aims to boost the sustainability and productivity of bangus aquaculture in Davao and offers 

insights for global aquaculture practices. 

KEYWORDS: Bangus aquaculture, Water quality monitoring, Arduino-based system, Automated feeding system, Productivity improvement, Davao 

Region industry, and Application usage 

Introduction 

Aquaculture is a vital industry worldwide, providing a significant source of food and income for many communities. Maintaining optimal water quality 

is crucial for ensuring the health and productivity of fish farms. Traditionally, monitoring water conditions and managing feeding schedules has been a 

labor-intensive process, often relying on manual inspections. These methods can be time-consuming, costly, and prone to human error, leading to 

inefficiencies. In places like Davao, where the bangus (milkfish) aquaculture industry plays a key role in the local economy and food supply, there is a 

growing need for more efficient and reliable approaches to manage water quality and automated feeding systems. 

To address this challenge, this research explores the development and implementation of an Arduino-based water sensor robot aimed at enhancing the 

management of bangus fish ponds. The core objective of this study is to create a robotic system that automatically feeds the fish and continuously monitors 

and records vital water parameters—temperature and pH level—through the ChanoSense app. By automating these monitoring tasks, the proposed system 

seeks to minimize the need for frequent manual checks and provide real-time data to aquaculturists. 

The innovative Arduino-based sensor robot utilizes the adaptability and cost-effectiveness of Arduino technology to offer a practical and scalable solution 

for aquaculture management. This study covers the design and development of the sensor robot, including the selection of suitable sensors, the integration 

of data collection and transmission components, and the system’s deployment in actual fish cages. The research also evaluates the robot’s performance 

in maintaining water quality and its impact on improving pond management efficiency. 

By introducing a more precise and automated method for monitoring water quality and feeding, this research aims to significantly boost the sustainability 

and productivity of bangus aquaculture in Davao. The outcomes of this study are expected to benefit local fish farmers and contribute valuable insights 

and techniques to the broader field of aquaculture technology,  

with potential applications in similar settings worldwide (Paul, B. 2018). With this, the prototype was designed to control and maintain optimum values 

for each measured parameter while providing an automatic feeding mechanism. 

http://www.ijrpr.com/
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 Methodology 

A.   Preparation and Collection of Material 

Essential components include an Arduino microcontroller, the 2 sensors (pH level and temperature), an Application-Controlled Feeding System, an ESP-

32 communication module, a solar Panel and a rechargeable LiPo/Li Ion battery. This systematic approach guarantees an efficient solution for enhancing 

milkfish cage management. And also, PVC pipes and plywood  and styrofoam will be used for making the structural design of the robot to sustain low-

cost  expenses for the project. 

 

Figure 1. Collection of Material 

 

Figure 2. Collection of Material 
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Figure 3. Collection of Materials 

B.  Structural Design of the Robot 

The robot is designed to have a tv-like structure to maximize its surface area for other components to fit in. PVC pipe will also be used as a float for the 

robot to minimize the cost of the researchers and to have a more stable floating raft for the structure. The 2 sensors will also be placed under the structure 

depending on the size of the parts, and the automatic feeder will be put above the robot or to be precise inside the half Reuleaux triangle. 

   

Figure 4. Structural Design of the Robot (Side)  Figure 4. Structural Design of the Robot (Front) 

 

Figure 5. Structural Design of the Robot (Back) 

 

Figure 6. Structural Design of the Robot (Inside) 

C.  Calibration of Sensors 

Calibrating sensors is a vital part of creating and using an Arduino and ESP32-based water sensor robot designed for optimizing bangus fish ponds. This 

step is crucial for ensuring that the data collected by the 2 sensors—pH level and temperature—is accurate and reliable, which is essential for maintaining 

good water quality. To calibrate each sensor, you typically follow the manufacturer's instructions. This process often involves exposing the sensors to 

known reference standards and adjusting their readings accordingly. calibrated using buffer solutions with specific pH values, while a temperature 
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sensor might calibrate the water's temperature. After calibration, the sensors should be tested in a controlled environment to confirm their accuracy. 

Regular recalibration is also necessary to address any changes in sensor performance over time. By ensuring proper calibration, the robot can provide 

trustworthy data, which is crucial for effectively monitoring and managing the conditions in the fish cage over time. 

 

Figure 7: Calibration of Temperature Sensor 

D.  Coding and Programming 

Coding and programming are fundamental steps in the development of an Arduino and ESP32-based water sensor robot, determining the robot's 

functionality and efficiency. This phase begins with developing the code that enables the Arduino Uno R3 microcontroller to interface with the 2 sensors, 

the pH level and temperature. The primary task is to write code that accurately reads data from these sensors. This typically involves using Arduino 

libraries and functions specific to each sensor type, ensuring precise data acquisition. control algorithms must be implemented. These algorithms process 

the sensor data and send it to the user through the app and the user can also control the feeding system through the app.For instance, the application 

automatically displays the pH and the Temperature level from the readings of the sensor. The code must be tested and debugged extensively to ensure 

reliability and robustness. Any issues discovered during testing are addressed through iterative refinement of the code. This comprehensive coding and 

programming step ensures that the robot can autonomously monitor and systematically control the feeding of the fish, effectively optimizing conditions 

for the health and growth of bangus fish, while also saving time through the application-controlled feeding system, which ensures precise and consistent 

feeding without the need for manual intervention. Also, the development of integrating the Blynk IoT software was very helpful for the creation of a 

device capable of automatically displaying the pH and temperature level of the water surrounding the fish cage. 
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Figure 8. Blynk IoT Device   Figure 10. Front-End Blynk Web Dashboard 

                    

Figure 9. Blynk Datastream programming    Figure 11. Back-End Blynk Web Dashboard 

E. Deployment Preparation 

Adjustments to the programming and hardware setup are essential after the initial test results to enhance performance. It's crucial to ensure that the 

deployment site, such as a fish cage or ponds, is equipped with the necessary infrastructure. This means checking for reliable power sources and sufficient 

WiFi range. Environmental factors also play a significant role; the robot must be capable of withstanding local weather conditions and the specific 

characteristics of the water. By preparing thoroughly for deployment, the risk of operational failures is minimized, and the robot's efficiency in monitoring 

and managing the pond environment is maximized. This preparation ultimately contributes to the health and productivity of the bangus fish and timesaving 

for the farmers (Grothmann et al., 2010).  .  

Conceptual Framework 

This is designed to streamline and enhance aquaculture practices through automation. At its core, this framework integrates real-time monitoring of key 

water quality parameters—specifically temperature and pH levels—using Arduino-based sensors. These environmental factors are vital for the health and 

growth of milkfish in aquaculture systems. 

 
Figure 12. Testing Set-Up Diagram 
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At its core, the framework integrates water quality sensors (for measuring temperature and pH levels) with a Blynk IoT platform that controls feeding 

processes. By automating the monitoring of critical parameters like temperature and pH, the system provides continuous, real-time data, reducing the 

need for manual inspections that are often labor-intensive and prone to human error. 

 
Figure 13. Communication Flow Chart 

Additionally, the automated feeding system dispenses food based on real-time water conditions, which helps in preventing overfeeding and optimizing 

feed usage, leading to reduced waste and cost. This automated process is further enhanced by the Blynk IoT integration, allowing for remote management 

and monitoring, which makes it more accessible and efficient for farmers. 

 

Figure 14. Flow Chart 

This illustrates the process of monitoring water parameters and controlling fish feeding in a bangus aquaculture system. The input section includes three 

dependent variables: water temperature, pH levels, and feeding frequency. These inputs are monitored or controlled through respective sensors: a 

DS18B20 digital temperature sensor for water temperature, a pH sensor for pH levels, and an application-controlled servo for feeding frequency. The 

Arduino UNO R3 processes the sensor data, while the ESP32 WiFi module, connected to the Blynk IoT software, controls the manual feeding system. 

The outputs include real-time readings of temperature and pH levels and automated feeding of the fish through the servo motor. 

For Temperature Sensor 
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Figure 14.  Schematic Diagram for Temp Sensor 

For pH sensor 

 

Figure 15. Schematic Diagram or pH Sensor 

For Servo 

Schematic Diagram 

 

Figure 16. Schematic Diagram for Servo 

Risk and Safety 

The development and deployment of an Arduino and ESP32-based water sensor robot for bangus fish ponds involve several safety considerations. 

Electrical safety; components must be insulated to prevent electric shocks or short circuits. Mechanical safety; with moving parts needing enclosures to 

avoid injury, and clear safety instructions for users. Chemical safety should be managed by using corrosion-resistant materials and regular maintenance 

to prevent contamination. Environmental impact must be minimized to protect local ecosystems, with careful design and environmental assessments. 

Operational safety involves preventing accidents during deployment and retrieval, with proper training and safety equipment for personnel. Data security 

is essential if the robot transmits information wirelessly; encryption and secure protocols should be used. Battery safety must be addressed by using 

certified batteries and incorporating monitoring features to prevent overheating or leakage. Addressing these risks through thoughtful design and 

maintenance is key to ensuring safe and effective operation of the sensor robot. 

Results and Discussion 

This study monitored water temperature, pH levels, and used an Application-Controlled Feeding System to improve milkfish farming. Water temperature 

plays a crucial role in fish growth and survival. According to the sensor readings, the temperature fluctuated between 24°C and 29°C, which is well within 
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the ideal range for tropical species like bangus. These values align with established guidelines, which indicate that "Tropical species will die at 

temperatures of 10 to 20 degrees-C, and most do not grow at temperatures below 25 degrees-C." (Boyd C., 2018). While the temperature occasionally 

dropped slightly below 25°C, it remained close enough to avoid any negative impact on growth rates. The system’s ability to continuously monitor and 

maintain the temperature around 25°C ensured that the fish remained in a growth-conducive environment, minimizing the risk of poor health or stunted 

development. 

The pH level is another critical factor for the health of fish in aquaculture. The data collected indicated that the pH levels ranged from 7.1 to 8.3, which 

is considered optimal for fish farming, staying within the acceptable range of pH 6.5 to 9.0 for fish culture. As referenced, "A value of 7 is considered 

neutral, neither acidic nor basic; values below 7 are considered acidic; above 7, basic." (n.d., 2024). The relatively neutral pH levels recorded suggest a 

stable aquatic environment, preventing stress or harmful conditions for the fish. The monitoring system’s real-time data transmission allowed immediate 

corrective actions if the pH levels showed signs of deviating from the acceptable range, helping to maintain a balanced environment. The feeding system 

in the prototype was operated manually through the Blynk app, where users had to press a button to dispense food. This manual system ensured control 

over the timing and quantity of food released, reducing the risk of overfeeding. The data from the prototype showed that the manual feeding process 

worked effectively in conjunction with the environmental monitoring, allowing farmers to feed the fish at the optimal times based on real-time water 

quality conditions. 

Significant improvements in maintaining stable pH level  and temperature indicate that the Arduino and ESP32-based system was effective in measuring 

and feeding efficiency which can lead to enhancing productivity in fish pond management. The data analysis section would find that the application-

controlled system considerably improves the sustainability and production of the bangus aquaculture business by providing superior water quality control 

with less manual involvement and an efficient feeding system to avoid over feed.  

Day Sensor Temp (°C) Reference Temp (°C) Error (°C) Sensor pH Reference pH Error (pH) 

1 27.2 27 0.2 7.4 7.3 0.1 

2 28.1 28 0.1 7.6 7.5 0.1 

3 26.9 27.1 -0.2 7.5 7.4 0.1 

4 25.8 26 -0.2 7.8 7.7 0.1 

5 27 27.1 -0.1 7.4 7.3 0.1 

6 27.5 27.4 0.1 7.3 7.4 -0.1 

7 28.3 28.2 0.1 7.5 7.6 -0.1 

8 26.4 26.5 -0.1 7.6 7.5 0.1 

9 27.6 27.7 -0.1 7.7 7.6 0.1 

10 27.2 27.1 0.1 7.4 7.3 0.1 

11 26.9 27 -0.1 7.3 7.2 0.1 

12 28 28.1 -0.1 7.5 7.4 0.1 

13 27.4 27.3 0 7.6 7.6 0 

14 27.9 28 -0.1 7.8 7.7 0.1 

15 27.8 27.5 -0.3 7.9 7.8 0.1 

 Table 1. Data Gathered from the pH and Temperature Sensor with Reference Devices Used. 

The first table involves gathering daily pH and temperature readings from the sensors over a 15-day period. Consistency is key in this stage, as the 

readings must be taken at the same time each day to minimize the influence of daily environmental fluctuations. This regularity helps maintain uniformity 

across all data points, allowing for an accurate assessment of the sensor’s performance. Once the sensor readings are recorded, they are compared to a 

reliable benchmark, such as a calibrated commercial pH/temperature meter. These reference tools are known for their accuracy, and comparing the sensor 

data to these established standards is necessary to validate whether the sensors are functioning correctly. The reference temperature and pH indicates the 



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 6843-6860 April 2025                                     6851 

 

 

results of the commercially used meter for its credibility. If the sensors consistently produce readings that align with the benchmark, it indicates that they 

are reliable and accurate.   

Test Day 

Expected 

Amount 

(grams) 

Dispensed 

Amount 

(grams) Error (grams) 

Error 

Percentage (%) 

1 500 505 5 1% 

2 800 795 -5 -0.63% 

3 1,000 1,000 0 0% 

4 600 605 5 0.83% 

5 700 690 -10 -1.43% 

6 900 910 10 1.11% 

7 1,200 1,210 10 0.83% 

8 1,500 1,495 -5 -0.33% 

9 1,800 1,790 -10 -0.56% 

10 2,000 2,005 5 0.25% 

11 500 505 5 1% 

12 800 805 5 0.63% 

13 1,000 1,010 10 1% 

14 1,400 1,395 -5 -0.36% 

15 2,000 1,990 -10 -0.50% 

Table 2. Accuracy Test of the Application-Controlled Feeding System (500g to 2kg Range) 

This table is for the accuracy test of the application-controlled feeding system that is critical to ensure that the system performs as expected in real-world 

conditions, especially in applications like aquaculture where precise control over feeding is crucial. The purpose of this test is to verify that the system 

consistently dispenses the correct amount of food according to pre-set values, within an acceptable margin of error. 

Results and Discussion 

The development of the Arduino and ESP32-based water sensor robot for bangus cages yielded promising results, highlighting its effectiveness in 

enhancing aquaculture management. The robot successfully monitored critical water parameters, such as temperature and pH levels, providing real-time 

data that enabled timely adjustments to maintain optimal conditions for fish health. Additionally, the automated feeding system operated efficiently, 

dispensing food at programmed intervals, which reduced manual intervention and improved feeding consistency.  

For Table 1., we applied the formula for margin of error (or absolute error) to determine how accurately the sensors for temperature and pH are 

performing over a 15-day period.  

Error = ∣Sensor Value−Reference Value∣ 

Where: 

Sensor Value is the reading taken from the system's sensor (either temperature or pH). 

Reference Value is the reading taken from a calibrated, reliable benchmark tool (e.g., a high-accuracy pH meter or thermometer). 

Once we have the absolute errors for all 15 days, the next step is to compute the average error. The average error provides an overall assessment of how 

well the sensor is performing across the entire testing period. 
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Average Error: 

=15∑Absolute Errors /15 Days 

For temperature: 

For the 15 days, we sum up all the individual absolute errors and divide by 15 (the total number of days). For example, the error values over the 15 days 

might look like: 0.2, 0.1, 0.2, ..., and we compute: 

Average Error for Temperature: 

Error (°C) 

0.2 

0.1 

-0.2 

-0.2 

-0.1 

0.1 

0.1 

-0.1 

-0.1 

0.1 

-0.1 

-0.1 

0 

-0.1 

-0.3 

     Table 3. Errors for Temperature 

Temperature= 0.2+0.1+0.2+0.2+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0+0.1=1.5 

1.5/15 = 0.1 °C 

This gives us an average temperature error of 0.1°C, which indicates that the temperature sensor is very precise, with only minor fluctuations from the 

reference readings. The errors in the sensor’s readings are relatively small, and the average error of 0.1 suggests that the system is operating with high 

accuracy. This indicates that the system is well-calibrated, and there is little deviation from the reference measurements. This level of precision is crucial 

for applications where small changes in temperature or pH can significantly impact outcomes in aquaculture. 

Average Error for pH: 

Error (pH) 

0.1 

0.1 

0.1 
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0.1 

0.1 

-0.1 

-0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0 

0.1 

0.1 

    Table 4. Errors for pH 

pH= 0.1+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0.1+0+0.1=1.3 

1.3/15= 0.0867 ≈ 0.9 

This result shows that, on average, the pH sensor deviates by 0.09 units from the reference values, a very minor inaccuracy that confirms the sensor's 

accuracy. Such a little variance indicates that the sensor is extremely dependable, producing consistent and trustworthy results during the 15-day test 

period. A variance of 0.09 is well within the allowed range for most aquaculture applications, indicating that the water pH is effectively monitored for 

optimal fish health. As a result, the pH sensor's accuracy enables the system to maintain consistent water conditions, boosting fish health and lowering 

the chance of errors in feeding and water management. 

For Table 2., the table depicts an accuracy test carried out over 15 days in which the system dispensed varied amounts of food ranging from 500 grams 

to 2,000 grams. The test compares the predicted food amount, which is a predetermined figure for each day, to the dispensed amount, which is the amount 

of food delivered by the system. This comparison enables us to compute the error (the difference between expected and dispensed amounts) and the error 

percentage for each day. The error % is computed using the following formula:  

Error (grams) Error Percentage (%) 

5 1% 

-5 -0.63% 

0 0% 

5 0.83% 

-10 -1.43% 

10 1.11% 

10 0.83% 

-5 -0.33% 

-10 -0.56% 
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5 0.25% 

5 1% 

5 0.63% 

10 1% 

-5 -0.36% 

-10 -0.50% 

Table 5. Error and Error Percentage of the Accuracy Test of the Application-Controlled Feeding System (500g to 2kg Range) 

The average error and average error percentage are used to assess the performance and accuracy of the Application-Controlled Feeding System in 

delivering food to the fish. These metrics are crucial for evaluating how well the system is functioning, ensuring that the correct amount of food is 

dispensed consistently over time. By calculating the average error, we can determine whether the system tends to overfeed or underfeed, which could 

affect the health of the fish and the efficiency of the aquaculture operation. A low average error indicates that the system is performing reliably, 

consistently dispensing the desired amount of food within a narrow margin of error. 

The average error  is calculated by summing up the absolute errors for all 15 days and dividing by the number of days the same for the average error 

percentages. 

Average Errors: 

5+5+0+5+10+10+10+5+10+5+5+5+10+5+10= 85 

85/15 = 5.67 grams 

Average Error Percentage: 1+0.625+0+0.83+1.43+1.11+0.83+0.33+0.56+0.25+1+0.625+1+0.36+0.5=9.87% 

9.87/15 = 0.658% 

These findings indicate that, on average, the system dispenses food with an error of roughly 5.67 grams per day and an error percentage of around 0.66%. 

This implies that the feeding system is very accurate and works within acceptable limits for aquaculture operations. A limited margin of error ensures 

that fish receive the proper quantity of nutrition, avoiding problems such as overfeeding, which can lead to water contamination, and underfeeding, which 

can hamper fish growth. Furthermore, the consistency of the error indicates that the system is dependable for long-term usage, making it an effective tool 

for aquaculture managers seeking to maintain appropriate feeding schedules while lowering operational expenses. This level of precision is crucial to 

preserving the health and production of fish.  

Conclusion  

In conclusion, the development and deployment of the Arduino and ESP32-based water sensor robot with an application-controlled feeding system, have 

demonstrated significant potential in optimizing bangus fish cages management in Davao. The system's ability to automatically feed the fish, continuously 

monitor and record essential water quality, provides aquaculturists with accurate, real-time data and work-saving, thereby reducing the need for labor-

intensive manual inspections. This automated approach not only enhances the efficiency and reliability of water quality management but also contributes 

to the sustainability, productivity and time efficiency of the bangus aquaculture industry. It is recommended that further research and investment be 

directed towards refining the technology, including enhancing sensor accuracy, adding more sensors to further enhance its water quality checking, 

expanding data transmission or range capabilities and install actuators and pumps to not only check water quality but also add an action if needed. Also, 

using a better material for the structure is recommended for safety and durability reasons. Lastly, training local fish farmers in the use of this system can 

maximize its benefits, ensuring broader adoption and a more profound impact on the aquaculture sector (Wang Y., Chi Z. 2016). 
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