	[image: ]PPAVI
Conference Proceedings
	ANNUAL SERIES
PUBLISHED
DOI



	ARTICLE TYPE
Select one type above
CORRESPONDENCE
name@example.org
ORCID: https://orcid.org/0000-0000-0000-0000
PUBLICATION DETAILS
Received: 
Accepted:
Published:
CITATION
IEEE format
COPYRIGHT
© 2026 Authors. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
	Integration Of Monitoring And Automatic Of Fish Pond Water Quality Based On The Internet Of Things
Rufus Deska Setyawan¹, Christy Mahendra², Putu Samuel Prihatmajaya³
¹ Informatics Engineering, Sekolah Tinggi Ilmu Komputer Yos Sudarso, Banyumas, Indonesia
² Informatics Engineering, Sekolah Tinggi Ilmu Komputer Yos Sudarso, Banyumas, Indonesia
³ Informatics Engineering, Sekolah Tinggi Ilmu Komputer Yos Sudarso, Banyumas, Indonesia
ABSTRACT
Water quality is an important factor in fish farming because it affects fish growth and survival. Water quality monitoring in fish ponds is still commonly performed manually, making changes in water conditions difficult to detect quickly and periodically. Therefore, a system is needed to monitor water quality in real time and support remote monitoring. This study aims to design and develop an Internet of Things (IoT)-based fish pond water quality monitoring system using Wemos D1 R1, with pH and water temperature as measurement parameters. The system uses a 4502C pH sensor, DS18B20 temperature sensor, and ADS1115 module. Measurement results are displayed on a 16x2 LCD and transmitted to the Blynk application in real time. The system also uses LEDs as condition indicators and relays and water pumps to support automatic water replacement based on predetermined conditions. This study applies the Research and Development method using the ADDIE model. Test results show that the system can measure pH and temperature, display data, transmit information to Blynk, and control the water pump according to system conditions.
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Introduction
Fish farming requires optimal water quality management, as the aquatic environment significantly influences the growth and survival of 
fish[1] . Key parameters to monitor for maintaining water quality include pH levels and temperature. For freshwater fish, an appropriate pH range is generally between 6.5 and 8.5[2] . Failure to monitor changes in pH and temperature regularly can negatively affect the fish and disrupt the cultivation process. At the "Mina Gawosa" fish farming group in Banjarnegara, pond water quality is currently monitored manually, as there is no system available to provide real-time data on water conditions. Consequently, pond managers must conduct physical, on-site inspections, which creates a risk that changes in water quality may not be detected in a timely manner. This highlights the need for a system capable of monitoring pond water pH and temperature effectively and in real-time[3] .
The development of Internet of Things (IoT) technology offers a potential solution to this problem. A Wemos D1 R1, equipped with Wi-Fi connectivity, can be used to transmit sensor data in real-time[4] , allowing pond conditions to be monitored without the need for direct, on-site checks. Furthermore, the use of the Blynk application enables measurement data to be displayed on internet-connected devices, facilitating remote monitoring[5] . 
Based on the identified challenges, this research aims to design and develop a pond water quality monitoring system using the Wemos D1 R1, focusing on pH and temperature parameters. A 4502C pH sensor is used to determine the acidity level, while a DS18B20 sensor is employed to measure water temperature. An ADS1115 module is integrated to enhance the signal-reading capability for the pH sensor. The measurement data is displayed on an LCD screen and transmitted to the Blynk application via an internet connection, allowing managers to monitor pond water conditions remotely. This research is expected to enhance the effectiveness of water quality monitoring in fish ponds and enable managers to identify changes in water conditions more rapidly. 
With this system in place, pond managers can conduct monitoring remotely, eliminating the need for frequent manual inspections.
Literature Review
Previous studies have demonstrated that Internet of Things (IoT) technology can be implemented to support real-time monitoring of fish pond water conditions. One study used an ESP8266 microcontroller to monitor pH and temperature parameters and display the measurement results through a website. However, the system was limited to monitoring functions and did not provide automatic water condition control [6] . Another study implemented a NodeMCU ESP8266 equipped with a TDS sensor, ultrasonic sensor, relay, solenoid valve, and Blynk application, enabling remote monitoring and control. Nevertheless, the parameters used in that system did not include pH and temperature [7] .
Building upon these previous studies, this research develops an IoT-based fish pond water quality monitoring system using a Wemos D1 R1 microcontroller to monitor two parameters: pH and temperature. The sensor readings are displayed on an LCD and transmitted to the Blynk application, allowing users to monitor water conditions remotely. In addition to monitoring, the system is equipped with an automatic water replacement mechanism using water pumps when the measured conditions exceed the predefined limits. Therefore, this research integrates water quality monitoring and automatic water condition control into a single system.
Internet of Things
The Internet of Things (IoT) is a concept that connects physical devices to the internet, enabling them to exchange data automatically. This technology allows devices to be monitored and controlled remotely in real time, making everyday activities easier and more efficient. IoT is an innovative technology that integrates internet connectivity into surrounding objects to improve convenience and efficiency in daily activities [8] .
Wemos D1 R1
The Wemos D1 R1 is an ESP8266-based microcontroller board that supports Wi-Fi connectivity and can be programmed using the Arduino IDE. Its physical form resembles the Arduino UNO, making it compatible with various Arduino shields while offering superior wireless connectivity. Therefore, the Wemos D1 R1 is suitable for use in Internet of Things (IoT) applications, particularly monitoring systems.
Fish Pond Water Quality
Water plays an essential role in the survival of living organisms and significantly influences their growth and development. This is particularly important for aquatic organisms, as water quality standards directly affect the growth and development of fish. Therefore, ponds or other containers used for fish farming must meet the required water quality standards to ensure suitable living conditions for fish [9] .
PH 4502C Sensor
This study uses the PH 4502C sensor module to detect the acidity or alkalinity of water. The module is manufactured in China and is relatively affordable compared to other pH sensor modules. Despite its low cost, it offers reasonably good measurement accuracy. The module is specifically designed for use with Arduino boards and features a simple, convenient, and practical connection interface [10] .
DS18B20 Temperature Sensor
The DS18B20 is a digital temperature sensor developed by Maxim Integrated. It can measure temperature with a resolution ranging from 9 to 12 bits, covering a temperature range of −55°C to 125°C with an accuracy of ±0.5°C. The DS18B20 offers several features, including a waterproof design and the ability to operate without requiring additional components [10] .
ADS1115 Module
The ADS1115 is an Analog-to-Digital Converter (ADC) module with a 16-bit resolution and a sampling rate of up to 860 samples per second. This provides higher conversion resolution compared to the built-in ADC commonly found in microcontrollers, which typically has a 10-bit resolution. The module uses I²C communication for data transmission through two communication lines, namely Serial Data (SDA) and Serial Clock (SCL) [11] .
Blynk
Blynk is an open-source Internet of Things (IoT) platform that can be used to support the development and implementation of IoT applications. Blynk consists of three main components: the Blynk application, the server that manages communication, and the libraries used to connect compatible devices. The Blynk server facilitates interaction between mobile devices and physical devices. Blynk provides various widgets, such as buttons, value displays, history graphs, Twitter feeds, and email notifications. It does not require a specific microcontroller, but the selected microcontroller must be compatible with the Blynk platform [6] .



Methods or implementation
Research Method and Approach.
This study employs the research and development method, commonly known as R&D (Research and Development). R&D is a research method aimed at producing new products, improving existing products, and evaluating their effectiveness. In a broader sense, Research and Development is a process of developing new or existing products through various stages of testing to ensure that the resulting products can be properly validated and accounted for. Every research project follows a systematic sequence of stages to develop the proposed system or product [12] .
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Figure 1. R&D Methode ADDIE Model
Figure 1 illustrates the research development model used in this study, namely the ADDIE model (Analysis, Design, Development, Implementation, and Evaluation). The following describes each stage of the R&D method using the ADDIE model.
1. Analysis
The analysis stage is the initial step in the ADDIE development model, which aims to identify the requirements of the system to be developed. At this stage, an assessment is conducted to examine the problems associated with monitoring fish pond water quality. The analysis involves identifying the various components required by the system, including hardware, sensors, microcontrollers, and user requirements for real-time monitoring.
2. Design
The design stage is the second step in the ADDIE development model. At this stage, a systematic design of the proposed system is developed. The design process begins by determining the system workflow, selecting the devices to be used, and identifying other supporting components required to develop the hardware and system designs.


3. Development
The development stage is the third step in the ADDIE model, focusing on transforming the design developed in the previous stage into a functional system. At this stage, the hardware is assembled according to the proposed design, including the installation of temperature and pH sensors, with the system developed using the Wemos D1 R1 microcontroller.
4. Implementation
The implementation stage is the fourth step in the ADDIE model, which aims to deploy and operate the developed system. At this stage, the designed and assembled water quality monitoring system is tested directly in the research environment, namely a freshwater fish pond.
5. Evaluation
The evaluation stage is the final step in the ADDIE model, which aims to assess the performance and effectiveness of the implemented system. At this stage, testing and evaluation are conducted on the developed *Internet of Things* (IoT)-based fish pond water quality monitoring system to determine its functionality and performance.
System Blok Diagram
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Figure 2. System Blok Diagram 
Figure 2 illustrates the block diagram of the water quality monitoring system, which uses the Wemos D1 R1 as the main controller. The DS18B20 temperature sensor and the 4502C water pH sensor serve as input components to measure the water temperature and pH levels. The measurement data are displayed on the LCD and transmitted to the Blynk application, allowing water conditions to be monitored remotely in real time.
Schematic Diagram
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Figure 3. Schematic Diagram
The schematic diagram in Figure 3 consists of the Wemos D1 R1 microcontroller, which serves as the main control unit of the proposed monitoring system. The ADS1115 module is used to improve the acquisition of analog signals, while the PH4502C sensor functions to monitor water pH levels and the DS18B20 sensor measures water temperature. The LCD displays monitoring data directly on the device, while the LEDs serve as warning indicators when changes in water temperature or pH levels are detected.
The relay module controls the electrical connection to the water pumps, switching them on and off according to the predefined operating conditions. The power supply provides the electrical power required by the system components. The water pumps are used to supply fresh water to and drain existing water from the pond when the water conditions become unstable, following the predefined system workflow.
Device Interface
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Figure 4. Monitoring Device
Figure 4 shows the monitoring device, which is housed in a white enclosure. The front panel features a 16×2 LCD screen that displays information about the pond water conditions, including pH levels, water temperature, sensor voltage, and the overall water condition in real time.
Blynk Interface
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Figure 5. Blynk Desktop Interface
Figure 5 shows the Blynk desktop interface, which consists of several widgets displaying pH and temperature data, LED status indicators, water pump indicators, and graphs illustrating the measurement results from both the pH and temperature sensors. This interface allows users to monitor water quality conditions and observe sensor readings in real time.
[image: ]
Figure 6. Blynk Smartphone Interface
Figure 6 shows the Blynk application interface on a smartphone, which provides several widgets to display information and data from the monitoring system. Similar to the desktop version, the smartphone interface displays measurement data from both sensors, namely the pH and temperature sensors, as well as status indicators for the LEDs and water pumps. This enables users to monitor the system remotely through their smartphones in real time.
Blackbox Testing
This testing aims to evaluate the functionality of each feature in the developed monitoring system. Black-box testing is divided into several test components, including LEDs, LCD, water pumps, and the Blynk application. The tests are conducted to verify whether each component operates according to its intended function. Furthermore, testing of the Blynk application is performed to determine whether measurement data from both sensors can be successfully displayed in numerical and graphical formats.
Sensor Accuracy Testing
Sensor accuracy testing aims to determine the measurement accuracy of the two sensors used in this study, namely the PH4502C pH sensor and the DS18B20 temperature sensor. The error values for both sensors are calculated using Equations (1), (2), (3), and (4). These calculations use the absolute value notation, represented by vertical bars (| |), to ensure that the resulting error values are non-negative [13] .
                    (1)

As shown in Equation (1), if the value of (x) is negative, then (-x) becomes positive. Therefore, the absolute value of (x), denoted as (|x|), is always non-negative, where (|x|  0) [14] .
The sensor error is calculated using Equation (2), as follows:

     (2)
Meanwhile, the percentage error is calculated using Equation (3), as follows:
   (3)
Notes :
1.  = pH meter or thermometer reading
2.  = Sensor reading
After calculating the percentage error, the accuracy of each sensor is determined using the final equation, Equation (4), as follows:
                  (4)
pH Sensor Calibration
Calibration is performed to determine whether the pH values measured by the sensor are accurate compared to standard reference values or reference measuring instruments. In this study, pH buffer solutions of 6.86 and 4.01 are used as calibration references. A simple linear regression method is applied to determine the slope (K) and the constant (offset) values. The calculations are performed using Equations (5), (6), (7), and (8), as follows[15]:
                   (5)

Description:
1.  = Calibrated pH value
2.  = Slope coefficient
3.  = Offset value (constant)
Using the voltage measurements obtained from the two buffer solutions, where ( = 3,650 v) corresponds to pH 4.01 and ( = 3,350 v) corresponds to pH 6.86, the slope ((m)) is then calculated using Equation (6), as follows:





The offset value is then calculated using Equation (9), as follows:



The following results are obtained:

Buffer Solution Testing
Further testing was conducted using two buffer solutions, namely pH 6.86 and pH 4.01. Before the sensor was directly applied to the fish pond, accuracy testing was carried out in two stages.
Table 1. pH 6.86 Buffer Solution Testing
	Waktu
	Sensor pH
	pH Meter
	Error

	17/08/2026 19:18
	7,07
	6,86
	3,06%

	17/08/2026 19:23
	7,01
	6,86
	2,19%

	17/08/2026 19:29
	6,69
	6,86
	2,48%

	17/08/2026 19:33
	6,82
	6,86
	0,58%

	17/08/2026 19:38
	6,51
	6,86
	5,10%

	17/08/2026 19:43
	5,54
	6,86
	19,24%

	17/08/2026 19:48
	6,94
	6,86
	1,17%

	17/08/2026 19:53
	6,88
	6,86
	0,29%

	17/08/2026 19:58
	6,79
	6,86
	1,02%

	17/08/2026 20:03
	7,79
	6,86
	13,56%

	Average error
	4,87%

	Sensor  Accuracy
	95,13%



Based on the results of the first testing stage using a pH 6.86 buffer solution as the test reference, data were collected 10 times at intervals of approximately 5 to 6 minutes. The test results showed an average error rate of 4.87% and a sensor accuracy of 95.13%. These results indicate that the sensor performed successfully, as its accuracy exceeded the required success standard of 90% [16] .
Table 2. pH 4.01 Buffer Solution Testing
	Waktu
	Sensor pH
	pH Meter
	Error

	18/08/2026 05:06
	4,7
	4,01
	17,21%

	18/08/2026 05:11
	4,28
	4,01
	6,73%

	18/08/2026 05:16
	4,16
	4,01
	3,74%

	18/08/2026 05:21
	4,05
	4,01
	1,00%

	18/08/2026 05:26
	4,34
	4,01
	8,23%

	18/08/2026 05:31
	4,25
	4,01
	5,99%

	18/08/2026 05:36
	4,03
	4,01
	0,50%

	18/08/2026 05:41
	3,97
	4,01
	1,00%

	18/08/2026 05:46
	4,08
	4,01
	1,75%

	18/08/2026 05:51
	4,04
	4,01
	0,75%

	Average error
	4,69%

	Sensor Accuracy
	95,31%



Based on the results of the second testing stage using a pH 4.01 buffer solution, the data collection procedure was similar to that of the pH 6.86 buffer solution test. Measurements were taken 10 times at intervals of approximately 5 to 6 minutes. The test results showed an average error rate of 4.69% and a sensor accuracy of 95.31%. Based on the results of both pH sensor calibration tests, the sensor demonstrated satisfactory accuracy in measuring pH values.
Periodic Testing
The results of periodic testing conducted to further validate the system's ability to detect changes in water pH and temperature at regular intervals throughout the day.

Table 3 . Periodic Testing Results
	Time
	pH
	pH
meter
	Temperature
	Termo
meter

	2026/09/13.01:30:48
	7,17
	6,99
	27,19
	26,5

	2026/09/13.03:16:50
	6,97
	6,71
	26
	25,3

	2026/09/13.05:58:15
	6,84
	6,81
	25,06
	24,1

	2026/09/13.10:11:52
	7,65
	7,05
	28,75
	28,9

	2026/09/13.13:05:56
	8,55
	7,29
	29,38
	29,2

	2026/09/13.15:04:11
	8,09
	7,4
	29,06
	29,1

	2026/09/13.17:58:37
	7,63
	7,32
	27,31
	26,7

	2026/09/13.22:14:00
	7,06
	7,01
	25,62
	25,2

	2026/09/14.01:17:32
	6,84
	7,1
	24,88
	24,2

	2026/09/14.03:08:36
	6,75
	7,06
	24,81
	24,5

	2026/09/14.06:55:52
	6,79
	7,04
	24,75
	23,9

	Average error
	5,32%
	2,02%

	Accuracy
	94,68%
	97,98%



The results of one-day testing showed that the temperature sensor had an error rate of 2.02%, while the pH sensor had an error rate of 5.32%. The accuracy rates were 97.98% for the temperature sensor and 94.68% for the pH sensor. These results indicate that both sensors met the predefined performance criteria, with an accuracy level above 90%. Furthermore, the results suggest that temperature can affect water pH, although the changes in pH values in the pond were not always significant.
The Wemos D1 R1 controls the water pumps and LEDs based on the sensor data received. The two water pumps are used to regulate the supply of fresh water and the drainage of existing pond water when the temperature or pH values fall outside the predefined normal ranges. Replacing the existing water with fresh water is intended to improve the pond water conditions. Meanwhile, the LEDs function as visual indicators of the system's operating status.
Blackbox Testing Result
Table 4. Blackbox Testing Result
	No.
	Test
	Expected Results
	Observed Results
	Status

	1
	Periodic Sensor Monitoring
	The LCD displays real-time sensor data and transmits the measurement results to the Blynk application.
	The LCD displays all sensor readings periodically and sends the measurement data to the Blynk application.
	Successful

	2
	Normal Water Condition Detection
	The LCD displays real-time sensor data and indicates normal water conditions. The green LED turns on, and the data and water condition are transmitted to the Blynk application.
	The LCD displays all sensor readings and indicates normal water conditions. The green LED turns on, and the data and water condition are transmitted to the Blynk application.
	Successful

	3
	Abnormal Water Condition Detection
	The LCD displays real-time sensor data and indicates abnormal water conditions. The red LED turns on, both water pumps operate, and the data and water condition are transmitted to the Blynk application.
	The LCD displays all sensor readings and indicates abnormal water conditions. The red LED turns on, both water pumps operate, and the data and water condition are transmitted to the Blynk application.
	Successful


	4
	Abnormal Water Condition Detection
	The pH4502C and DS18B20 sensors detect water conditions in which the pH remains within the normal range (6.5 < pH < 8.7), while the temperature is outside the normal range (above 30°C or below 25°C).
	The LCD displays real-time sensor data and indicates abnormal water conditions. The red LED turns on, one water pump operates to supply fresh water, and the data and water condition are transmitted to the Blynk application.
	Successful



Based on the black-box testing results presented in Table 4, the developed system operates according to the predefined commands and conditions established for the fish pond water quality monitoring system. Each component was tested under specified conditions, and the observed results were consistent with the expected outcomes. These findings indicate that the system functions properly in accordance with its intended design and specifications.
Blynk Testing Result
Table 5. Blynk Testing Result
	No.
	Test Scenario
	Blynk Desktop
	Blynk Smartphone
	Result

	1
	Receiving data from the PH4502C pH sensor
	Successfully receives data from the pH sensor
	Successfully receives data from the pH sensor
	Successful

	2
	Receiving data from the DS18B20 temperature sensor
	Successfully receives data from the DS18B20 temperature sensor
	Successfully receives data from the DS18B20 temperature sensor
	Successful

	3
	Displaying abnormal water conditions using the red LED indicator
	Displays an abnormal water condition indicated by the illuminated red LED
	Displays an abnormal water condition indicated by the illuminated red LED
	Successful

	4
	Displaying normal water conditions using the green LED indicator
	Displays a normal water condition indicated by the illuminated green LED
	Displays a normal water condition indicated by the illuminated green LED
	Successful

	5
	Displaying pump status to indicate whether the pump is on or off
	Displays the pump status using ON and OFF indicators in Blynk
	Displays the pump status using ON and OFF indicators in Blynk
	Successful



The Blynk testing results presented in Table 5 show that the Blynk application can successfully receive data from both the temperature and pH sensors and provide information based on the received data.
Based on the one-day testing results, the overall system operated properly, with sensor error rates remaining within acceptable limits. The PH4502C pH sensor achieved an error rate of 5.32% and an accuracy of 94.68%, while the DS18B20 temperature sensor achieved an error rate of 2.02% and an accuracy of 97.98%. These results indicate that both sensors demonstrated satisfactory performance, with accuracy levels exceeding the 90% success standard [16] . Furthermore, the monitoring system successfully received and executed the predefined commands through the Blynk application, which served as a platform for receiving data and monitoring water conditions remotely.
Discussion
Previous studies have shown that Internet of Things (IoT) technology can be implemented to support real-time monitoring of pond water conditions. One study used the ESP8266 to monitor pH and temperature parameters and display the measurement results through a website. However, the system was still limited to monitoring functions and did not provide automatic water condition control [6]. Another study implemented a NodeMCU ESP8266 equipped with a TDS sensor, ultrasonic sensor, relay, solenoid valve, and Blynk application, enabling remote monitoring and control. However, the parameters used did not include pH and temperature [7] .
Based on these studies, this research was developed using the Wemos D1 R1 to monitor pond water quality based on two parameters: pH and temperature. The sensor readings are displayed on an LCD and transmitted to the Blynk application for remote monitoring. In addition to the monitoring function, the system is equipped with a water replacement mechanism that activates a pump when the water conditions exceed the predetermined limits. Therefore, this research integrates water quality monitoring and water condition control into a single system.
Conclusion
Based on the research results, the Wemos D1 R1-based pond water quality monitoring system was successfully designed and implemented to monitor pH and temperature parameters in real time through an LCD and the Blynk application. The test results showed that the PH4502C sensor achieved an accuracy of 94.68%, while the DS18B20 temperature sensor achieved an accuracy of 97.98%. Therefore, the system can help pond managers monitor water conditions remotely. For future development, it is recommended to use devices and sensors with more stable readings and to incorporate additional water quality parameters to further optimize system performance.
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