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This research aims to develop a monitoring and control system for catfish pond 
water quality based on the Internet of Things (IoT). This system uses an ESP32 
microcontroller Arduino Integrated Development Environment (IDE) connected 
to a SEN0131 pH sensor, DS18B20 temperature sensor, and HC-SR04 ultrasonic 
sensor to monitor water quality parameters such as pH, temperature, and water 
level. Data obtained from these sensors is stored in a real-time database that can 
be accessed remotely via the Blynk application. This system is also equipped 
with a water pump and solenoid valve that automatically controls water filling 
and discharge based on detected water quality parameters. The test results show 
that the system has an average accuracy of 99.45% and high precision with an 
average relative standard deviation of 0.01% in detecting water quality 
parameters. System operation was carried out for 27 days. The system can run 
continuously or non-stop. data is input in real-time to blynk, so it can be 
monitored and controlled from anywhere. 
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INTRODUCTION 

Fish farming is an effort that can be made by the community in order to provide animal protein 
sources, in addition to the cultivation business indirectly helps to succeed the development program 
in the fisheries sector (Saparinto, 2013). Catfish cultivation can simply utilize a tarpaulin pond as its 
environment (Ighalo et al., 2021). Tarpaulin ponds are easy to make and propagate on a land that is 
not too large, and does not require too large commercial capital to facilitate the fish harvesting 
process (Sanjaya&Badarina, 2021).  

Pond control and monitoring in aquaculture is very important for the good growth and 
development of catfish (Pasika & Gandla, 2020). Good market control, catfish rearing technology and 
the right strategy in terms of pond preparation, seed selection, water replenishment, feed 
management, water quality management, harvest management, greatly affect the profits of fish 
farmers (Nugroho, 2007). To achieve high yields, cultivation is carried out intensively. Intensive 
catfish cultivation is the spread of a high number of fish seeds and the use of a fairly high amount of 
feed. This will have an impact on increasing waste from leftover feed, feces and metabolites of catfish 
and if disposed of outside it will pollute the environment, so it can pollute the surrounding 
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aquaculture environment. Technology is needed that can help control and monitor water quality (Jan 
et al., 2021). 

Technology is developing rapidly in various fields, one of which is in the field of fisheries. 
Technologies needed in fisheries such as automation technology that can make it easier to control 
the water conditions in the aquaculture pond, one of which is such as a pH control system and water 
turbidity as a way to increase fish growth (Lakshmikantha et al., 2021). The state of pond water 
quality will play a role in the condition and performance of the cultivated catfish. Fisheries 
aquaculture production can be affected by seed quality, feed quality and water quality (Sugianti & 
Hafiludin, 2022). 

Based on the problems experienced by tarpaulin pond media catfish farmers who experience 
difficulties in regulating and determining water quality. And the way to measure pH and turbidity 
still uses traditional methods and improvised equipment. Much research has been carried out 
regarding water quality and quantity monitoring instrumentation, such as research conducted by 
Pratama et al.,( 2022), namely on water quality monitoring tools using water pH sensors and Arduino 
UNO. The study only measured the acid/alkaline level of water. Research conducted by Dewantoro 
& Ulum, (2021) is about a water quality monitoring system in catfish cultivation based on the Internet 
of Things (IoT). This research has used IoT technology, but only measured the acid/alkaline level of 
water and water temperature and only carried out monitoring for a short time. The monitoring 
system created is still not flexible and indicators need to be added. 

In recent years, several aspects of industry have started to use IoT as a tool in control systems. 
The Internet of Things (IoT) plays a crucial role in environmental monitoring and sustainability. In 
Environmental Monitoring, IoT enables consistent data collection from physical environments using 
sensors and connected devices (Chafa et al., 2022). These devices can detect temperature, moisture, 
water levels, leaks, and other properties. The data is then processed using edge computing 
technology and sent to the cloud for analysis (Zulkifli et al., 2022). On the other hand, across various 
industries use IoT to optimize operations and make sustainable decisions. By monitoring processes 
and detecting abnormalities, IoT helps reduce harmful pollutants and protect air, soil, and water 
(Mutri et al., 2024). 

Based on previous research, it is necessary to create water quality parameters. A database 
system that can be accessed remotely which is useful for monitoring and analyzing the quantity and 
quality of catfish pond water and is able to control water replacement if necessary. In this research, 
a system for monitoring and controlling physical water parameters such as water pH and water 
temperature will be designed and created using the Internet of Things (IoT) application using an 
ESP32 microcontroller Arduino Integrated Development Environment (IDE). The monitoring and 
control system is built using two physical water quality parameters whose data is stored in a real-
time database system that can be accessed remotely. 

 
 

METHOD 

The research method used is Research and Development. Research and Development is a research 
method used to produce certain products, and test the effectiveness of these products (Sugiyono, 
2010). Development research is a research approach to produce a new product or improve an 
existing product (Djamaludin et al., 2022). The development model used is the waterfall development 
model. Figure 1 shows the stages of the waterfall development model. 

 

 
Figure 1. Stages of the waterfall development model 

Needs Analysis System Design Implementation Testing Maintena
nce
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This system design is a description of the system that will be designed. This block diagram can 
also explain the working mechanism of an Internet of Things-based water quality monitoring and 
control system. Monitoring and control system with microcontrollers and sensors to detect water 
physical parameters. The system is placed in a box as a safety measure. Inside the box there are the 
electronics used and there are also sensors that are directly dipped into the catfish pond. The system 
program was created using the Arduino Integrated Development Environment (IDE). The system 
takes information on water quality parameters detected by sensors which are processed by the MCU 
Node, then the data will be sent to Blynk and action will occur on the automatic faucet and water 
pump if the water concentration matches the water quality parameters for raising catfish (Hong et 
al., 2021; Okoli & Kabaso, 2024). Figure 2 is a design for an IoT-based system for monitoring and 
controlling water quality for catfish ponds. 

 

 
Figure 2. System electronic circuit 

 
The system testing carried out was testing the sensors used and the entire system for 

monitoring and controlling the water quality of the catfish rearing pond based on IoT (Internet of 
Things). Sensor testing is carried out to determine the detection capability of each sensor. The next 
process is real-time operation and maintenance. This process serves to see whether the performance 
of the water quality monitoring and control system is functioning properly. This process takes place 
in catfish pond water that has been cultivated for one week. 

After the data is collected, then analyze the data that has been collected. Data analysis is carried 
out by first processing the data obtained. Analysis of target data to see the performance of the water 
pump control device based on the water quality designed as an evaluation step. The data that will be 
analyzed is data on the characteristics of the water pump control device based on water quality, 
including error (1), accuracy (2) and precision (5). 
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Equation (1) is an equation for determining relative error. Equation (2) is an equation to 
determine the accuracy value. Equation (3) is an equation for determining standard deviation. 
Equation (4) is an equation to determine the relative standard deviation. and equation (5) is the 
equation for determining the precision value. Equation (1) is an equation for determining relative 
error. Equation (2) is an equation to determine the accuracy value. Equation (3) is an equation for 
determining standard deviation. Equation (4) is an equation to determine the relative standard 
deviation. and equation (5) is the equation for determining the precision value. 

 
 

RESULTS AND DISCUSSION 

In the system circuit there is a pH sensor, temperature sensor and ultrasonic sensor as input. Then 
the detection of these sensors will be processed on the ESP32 MCU Node to move the relay and 
connect to the blynk. The process for making electrical hardware for a catfish pond water quality 
monitoring and control system is as follows. 

a. Design of system circuit schematics using the fritzing application. This design aims to simplify 

the process of assembling electrical hardware. The circuit and circuit schematic of the 

components used can be seen in Figure 2. 

b. Install all components on the panel box by connecting all components to the Node MCU pins. 

Installation of components on the panel box can be seen in Figure 3. 

 
Figure 3. Water quality monitoring and control system circuit 

 
System design is carried out in several steps, namely as follows. The catfish pond media will be 

made from tarpaulin with a square size of 100 cm and a height of 80 cm. In the catfish pond there are 
four sensors, namely the pH sensor, temperature sensor, min water level sensor and max water level 
sensor. Filling the pool water is done using a water pump connected to a water source/well. Filling 
water into the pool is carried out if the water has reached the min pool height sensor and the pump 
will stop when the sensor has reached the max height of the reservoir water. The sensors used in the 
process of monitoring and controlling water quality are the SEN0131 pH sensor as the pH parameter, 
the DS18B20 sensor as the temperature parameter and the ultrasonic sensor as the water level 
parameter. Figure 4 is the installation of non-electronic hardware 



International Journal of Hydrological and Environmental for Sustainability 
Saparullah et al., 2024                                        Internet of Things (IoT) and Arduino IDE . . . 

52|International Journal of Hydrological and Environmental for Sustainability 

 
Figure 4. Non-electronic hardware 

 
The next stage is testing the sensors and accuators of the system. System testing aims to 

measure the system's ability to detect air quality parameters and control air based on air pH. Table 
1 is data from testing the sensors and actuators of the system. From the test results data it can be 
interpreted that the system can detect water quality parameters with great accuracy and precision 
with small errors. 

Table 1. System test result data 
No Sensors and Actuators Error (%) Accuracy (%) Relative Standar Deviation (%) 
1 pH sensor ±0.53% 99.47% 0.01% 
2 Temperature sensor ±0.24% 99.76% 0.005% 
3 Distance sensor ±0.13% 99.87% 0.001% 
4 Water pump ±1.10% 98.90% 0.04% 
5 Solenoid valve ±0.76% 99.24% 0.01% 

Source : Data of this study 
 
Once the entire circuit has been paired and programmed in the Arduino IDE and has been 

uploaded to the ESP32. The final stage, maintenance is carried out by testing the entire system and 
system operation. The test consists of reading all sensors whose data is sent to the LCD display and 
Blynk dashboard, and automatic control of water taps and water pumps. Meanwhile, operations are 
carried out after all testing has been carried out. 

The sensor data delivery test aims to determine the success of sending data from the sensor to 
the LCD display and Blynk dashboard. Testing is carried out by installing the system in the pool and 
the system is activated. When activated, it will immediately connect to the internet network and 
Blynk. Then the sensor detects the water parameters that will be processed to be displayed on the 
LCD and sends the data to Blynk. 

From Figure 5, the data displayed on the Arduino IDE serial monitor, LCD, and Blynk 
application has been synchronized. Testing on the Blynk application has been carried out remotely, 
and data delivery can still be carried out. 
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Figure 5. Display on (a) Blynk dashboard, (b) LCD display, and (c) Serial monitor. 

 
Automatic control testing aims to determine the success of sending data from sensors to the 

LCD and Blynk IoT and that the desired control synchronization is correct and can run. The process 
of changing the water in the catfish pond is carried out automatically using a solenoid valve and water 
pump. 

The process of draining catfish pond water is carried out automatically using a solenoid valve. 
Testing is carried out by installing the system in the pool and the system is activated. To test, use 
water that has a low pH and water that has a normal pH. Then the pH sensor probe will be inserted 
into each water container in turn. The solenoid valve opens when the pH value of the water is less 
than 5.0. This is based on the fact that water acidity less than pH 5 will cause the growth of fungi and 
bacteria, so this must be treated immediately. 

                 
(a)                  (b) 

Figure 6. The results of control test (a) the solenoid valve, (b) the water pump. 
 

It can be seen in Figure 6(a), the results of the solenoid valve control test. The tap is open when 
the pH is low and closed when the pH is normal. However, when the tap is open based on a low pH it 
will close when the water has reached the minimum level. Once the water has reached the minimum 
level, the water pump will turn on. 
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The process of filling the catfish pond with water is done automatically using a water pump. 
The test is carried out by placing the distance sensor at a certain height to activate the water pump. 
The water pump turns on when the pool water level has reached the specified minimum limit, namely 
10 cm during the test. Then, the water pump turns off when the water level reaches the maximum 
limit, namely 45 cm during the test. 

It can be seen in Figure 6(b), the results of the water pump control test. The water pump turns 
on when the water level is at the minimum level and will turn off when the water level reaches the 
maximum level. 

Maintenance in system operation is carried out on a tarpaulin pool measuring 100 cm long by 
100 cm with a height of 80 cm. all sensors are placed inside the pool, the solenoid valve is placed on 
the pool drain pipe and the water pump is outside the pool. The pool contains water with a height of 
45 cm or the pool contains 450 liters of water. The running system monitors and controls pool water 
quality in real-time. This stage carried out data collection for 27 days. This operation aims to see 
whether the system can run well and can be used in the long term. Monitoring results taken via the 
Blynk application. The following Table 2 is data on the results of system operation for 27 days.  

 
Table 2. The results of System operation 

No Days to- Date 
Sensors Reading 

pH Value Temperature Value Distance Value 

1 1 6/1/2024 5.71 27.13 43.62 

2 2 6/2/2024 6.10 26.63 43.83 

3 3 6/3/2024 6.28 26.14 46.09 

4 4 6/4/2024 6.47 27.17 45.18 

5 5 6/5/2024 6.34 27.16 44.91 

6 6 6/6/2024 7.03 27.68 45.26 

7 7 6/7/2024 6.82 27.05 45.70 

8 8 6/8/2024 6.73 27.25 46.20 

9 9 6/9/2024 6.74 26.00 45.82 

10 10 6/10/2024 6.92 26.77 45.90 

11 11 6/11/2024 6.26 27.38 45.67 

12 12 6/12/2024 7.11 27.19 45.97 

13 13 6/13/2024 6.47 26.95 46.00 

14 14 6/14/2024 6.57 27.39 45.42 

15 15 6/15/2024 7.51 26.86 43.84 

16 16 6/16/2024 6.70 25.70 50.01 

17 17 6/17/2024 6.94 26.50 48.22 

18 18 6/18/2024 6.96 26.89 49.42 

19 19 6/19/2024 6.62 26.88 47.68 

20 20 6/20/2024 7.29 26.75 47.66 

21 21 6/21/2024 6.69 26.88 47.26 

22 22 6/22/2024 7.09 24.88 50.69 

23 23 6/23/2024 6.89 26.13 51.28 

24 24 6/24/2024 6.79 27.13 51.15 

25 25 6/25/2024 6.44 27.00 46.56 

26 26 6/26/2024 5.17 27.38 46.70 

27 27 6/27/2024 6.05 26.50 44.75 

Source : Data of this study 
 

It can be seen from Table 2 that data from monitoring the effectiveness of the IoT-based water 
quality monitoring and control system can operate well and operate continuously or in real-time. 
This means that the system can be used effectively. The system can also be monitored remotely via 
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the Blynk application (Nižetić et al., 2020). On Figure 7 is a graph of changes in pH values every day 
for 27 days of system operation. 

 
 

 
Figure 7. pH value chart from system monitoring results. 

 
Data from measuring the pH of the water in catfish ponds are shown in Figure 7. On day 25, 

out of the 27 days the system was operating, there was an anomalous pH value. At that point, the 
pool's water was automatically adjusted by the control relay. 

 
 

CONCLUSION 

Pool water control system using ESP32, DS18B20 temperature sensor, 4502C pH sensor, 16x2 I2C 
LCD, water pump, solenoid valve, and Blynk IoT connection. The system will monitor water quality 
consisting of water acidity and water temperature. If the pH of the water is low, the solenoid tap will 
open to replace the water, after which the water pump will refill the drained pool. The function of the 
distance sensor is to measure the height of the pool according to the desired temperature and as a 
benchmark for closing the solenoid tap and opening/closing the water pump. Using an IoT-based 
water quality monitoring and control system can make it very easy to monitor and control the water 
quality of catfish ponds. Data that can be accessed via the Blynk application includes pH, temperature 
and pool water level as well as control of water pumps and taps from sensor readings. In this way, 
even though you are far from the pool, monitoring and control of pool water quality can still be 
carried out. The system provides real-time data to immediately determine the condition of the pool. 
An automated system reduces the need for manual intervention, increasing operational efficiency 
and pool maintenance. Additionally, the system can be used for any size and type of pond, from small 
ponds to large ponds or aquaponic systems. Sustainable research development can be carried out by 
re-analyzing the water quality that will be monitored and controlled. By expanding the water quality 
parameters that will be monitored and adding sensors to the system. 
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