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Abstract. Rising demands for precise and efficient water quality monitoring have accelerated the
adoption of IoT technologies, particularly in aquaculture environments. This article discusses the
development of Internet of Things (IoT)-based water quality monitoring devices. This device enables
real-time monitoring of water quality parameters, including temperature, total dissolved solids (TDS),
electrical conductivity (EC), resistivity, and salinity. The device involves the use of several water-
quality sensors connected to a microcontroller that serves as the central processing unit. Sensor data
is transmitted wirelessly to a cloud platform for analysis. The results are then presented through a
user-friendly visualization on a Human-Machine Interface (HMI) device or Android application. The
main advantage of this device is its ability to provide real-time data that allows quick response to
changes in water conditions. The system was tested on various water samples, demonstrating stable
measurements when compared to the Hanna Instrument HI98194 standard device. Further calibration
of the TDS sensor is necessary to improve the accuracy of Total Dissolved Solids (TDS), Electrical
Conductivity (EC), resistivity, and salinity measurements.

Introduction

Poor water quality poses a serious challenge to both public consumption and industries such as
aquaculture and manufacturing. Water quality must undergo rigorous testing to assess its suitability
for public distribution by drinking water providers [1]. Water quality is a key factor in ensuring the
success of aquaculture and fisheries businesses. Key water parameters-such as salinity, pH,
temperature, dissolved oxygen, and total dissolved solids-must be carefully monitored to support
optimal fish growth and health [2,3]. Poor water circulation in ponds-caused by leftover feed,
metabolic waste, and limited water exchange-can disrupt water quality parameters such as dissolved
oxygen levels, which in turn impacts fish growth [4].

The importance of monitoring water quality as a living medium for fish encourages the
development of methods for monitoring pond water quality. Traditionally, water quality has been
assessed through laboratory analysis, which involves sampling pond water and testing it in a
controlled environment. Sensors have been introduced to monitor specific water parameters, although
most are limited to measuring only one variable per sensor [5,6]. This approach is both inefficient
and time consuming, limiting its practicality in real time aquaculture operations.
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Many researchers have developed Internet of Things (IoT)-based systems to monitor water quality
in aquaculture. This monitoring system was developed to monitor several parameters such as pH,
temperature, salinity, electrical conductivity, dissolved solids, and dissolved oxygen levels[7]. The
calibration process for the multi-sensor monitoring system is carried out using a comparison method
with standardized devices, including pH sensors calibrated with buffer solutions and temperature
sensors equipped with the HEL-711 RTD. The calibration process itself is carried out for 24 hours
and then the results are analyzed so that small range differences are obtained. The minor discrepancies
observed suggest that the developed system has achieved sufficient accuracy for practical
implementation [8].

Sobri et al. (2021) have developed an loT-based water quality monitoring system for real-time
measurements using Total Dissolved Solids (TDS) sensors, pH sensors, and temperature sensors. The
device measures parameters including temperature, pH, and salinity. Some of these values, such as
salinity, are inferred through mathematical relationships from the TDS sensor readings [9]. Chuzaini
(2022) has also developed loT-based water quality monitoring which is used to measure temperature,
pH, and TDS levels in water. Water sample measurements were carried out in rural areas, near the
sea, and in industrial areas with high measurement accuracy[10]. The monitoring system that has
been created by Adityas et al. (2021) can measure temperature, pH, salinity, and turbidity parameters.
However, there are still shortcomings in the form of measurement results that are not clearly presented
or easily interpretable by end users because the data on the website is only presented in graphical
form, making it quite difficult for lay users to understand the water quality levels of the testing
system[11].

Based on the explanation above, many water quality monitoring systems have been developed.
However, there are constraints on the number of sensors, the lack of water quality parameters that
can be measured, and the user interface design lacks interactivity and visual clarity, making it difficult
for non-experts to interpret water quality data. In this research, an loT-based water quality monitoring
tool will be developed for real-time monitoring of water quality in aquaculture businesses. The
components of this monitoring system consist of a microcontroller, TDS sensor, temperature sensor,
and LCD touchscreen which are connected in a box enclosure. Arduino IDE is used for programming
and Blynk used as more communicative user interface to display water quality monitoring results.

Research Method

The research begins with the design of both hardware and software components. The hardware
includes a microcontroller, temperature sensor, TDS sensor, and a Human Machine Interface (HMI)
device. The software is developed using Arduino Uno, MySQL, Node-RED, and Blynk. The system
architecture of the proposed water quality monitoring device is illustrated in Figure 1.
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Fig. 1. System Architecture for Water Quality Monitoring Device.

Sensor inputs-temperature and TDS- are collected via devices programmed through the Arduino Uno.
The sensors provide temperature data and, from the TDS sensor, additional values such as electrical
conductivity, resistivity, and salinity are derived. The ESP32 microcontroller transmits the data to a
MySQL database. Node-RED retrieves the data from the database and forwards it to Blynk for
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visualization. Blynk functions as a data visualization platform, displaying sensor readings on
Android-based devices. In addition to Android, sensor data is also visualized on a dedicated HMI
device. Figure 2 shows an explanation of the workflow of the water quality monitoring device system

based on the following flowchart.
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Fig. 2. Flowchart of loT-based Water Quality Monitoring Device System.
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The system operation starts with the Microcontroller Unit (MCU), ESP32, establishing an internet
connection. Once connected, the sensors begin collecting analog data, which is then processed by the
MCU. This data can be displayed directly on the system device using HMI, or via Android using
Blynk. The MCU manages data flow by sending the processed information to a MySQL database.
Node-RED retrieves the data and transmits it to Blynk, which serves as the user interface platform.
The system provides readings for temperature, TDS, electrical conductivity (EC), salinity, and
resistivity based on sensor input.
Subsequently, the water quality monitoring device is tested using various water samples to evaluate
its performance. Testing was conducted to evaluate the performance of key components, including
the ESP32 microcontroller, DS18B20 temperature sensor, TDS sensor, and the integrated system as
a whole. The water samples used consisted of three samples. The following water samples were used
in the evaluation:

a) Sample A: Commercial mineral water (Brand A).

b) Sample B: Lake water collected from the campus of Malang State University.
The samples were analyzed using the developed monitoring system and compared with results from
the Hanna Instrument HI98194, a standardized measurement device. The data obtained were
compared to determine the difference in measurements and to find the relative deviation obtained
using the following equation [12]:

Relative Error (%) = |%| X 100% (D

Where y represents the values measured by the system's sensor, and x represents the values obtained
from the standard measuring instrument.

Results and Discussion

The system was developed using two sensor probes: a temperature sensor and a TDS sensor. The
TDS sensor probe was used to measure several parameters, including TDS, electrical conductivity
(EC), resistivity, and salinity. The two probes can be seen in Figure 3. The sensor probes are
connected to an ESP32 microcontroller, selected for its built-in Wi-Fi capabilities.

E |

4

TDS Sensor Probe

Fig. 3. Sensor probes used on the system.

As illustrated in the flowchart, the sensors read water quality parameters and generate analog
signals, which are then processed by the ESP32. The measured water quality data can be displayed
directly through the Human Machine Interface (HMI) in the form of a touchscreen display. Integrating
HMI into this device enables a more interactive interface, enhanced by touchscreen capabilities,
which surpasses the functionality of conventional LCDs [13]. The HMI screen is integrated into the
system and housed in an enclosure box, connected to the sensors and the MCU (Microcontroller
Unit). Figure 4 displays the interface used to show the measured water quality parameters, namely
temperature, TDS, EC, resistivity, and salinity.
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Fig. 4. Interface display on HMI’s device.

Blynk is used as the interface to display the water quality measurement results. This software is
commonly used in [oT applications and is accessible via Android or web platforms. First, the data
processed by the MCU is transmitted to a MySQL database. Next, Node-RED, which functions as a
data handler, retrieves the uploaded data from the database and is tasked with sending the data to
Blynk. By utilizing Blynk technology, data processing becomes significantly more efficient
compared to using a microSD card for data storage, as data can be stored in the cloud and accessed
via the internet at anytime, thereby reducing production costs [14]. In Figure 5, the Blynk interface
displays the results of water quality parameter measurements accessed via Android.
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Fig. 5. Blynk interface on android.

The system was tested by collecting water quality data from two samples and comparing the results
using the Hanna Instrument HI98194. Comparisons are made to obtain relative deviations. Where
then the relative deviation is known to be the accuracy of the system that has been created. Data were
recorded over a 50 second period, with measurements taken every 5 seconds. The comparative results
for each water quality parameter are presented in the tables below.
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Table 1. Temperature measurement results on the system and HI98194.

Temperature Measurement (°C)
Sample A Sample B
System HI98194 Difference |Relative Deviation (%)| System | HI98194 | Difference | Relative Deviation (%)
278 27.83 -0.03 0.11 27.6 27.86 -0.26 0.93
27.8 27.9 -0.1 0.36 27.6 27.92 -0.32 1.15
27.8 27.92 -0.12 0.43 27.7 27.94 -0.24 0.86
27.8 27.92 -0.12 0.43 27.7 27.96 -0.26 0.93
27.8 27.92 -0.12 0.43 27.7 27.94 -0.24 0.86
278 27.92 -0.12 0.43 27.7 27.95 -0.25 0.89
27.8 2791 -0.11 0.39 27.7 2795 -0.25 0.89
27.8 2791 -0.11 0.39 27.7 27.96 -0.26 0.93
27.8 27.89 -0.09 0.32 27.7 27.96 -0.26 0.93
27.8 27.88 -0.08 0.29 27.7 27.96 -0.26 0.93

Table 1 shows that temperature measurements recorded by the system were relatively stable,
whereas on the HI98194 device, the temperature readings are more varied. These variations may be
attributed to the sensitivity and resolution differences between the devices. The highest deviation
value in sample A measured by the system was 0.43%, while the lowest was 0.11%. In sample B, the
highest deviation is 1.15%, while the lowest deviation is 0.86%. This shows that the performance of
the temperature sensor in the system being created is appropriate because it has a relatively small
shift. The treatment given to each sample was the same, where the room temperature, sample water’s
volume, and the measurement time were constant. An observation of note during temperature
measurements was that the system produced more consistent readings than the measurements
produced by the HI98194, which fluctuated even within a small range. The recorded temperature
measurements showed low deviation. However, compared to the device developed by Chuzaini
(2022), higher measurement accuracy was achieved due to its ability to detect temperature up to two
decimal places, enabling more precise and specific readings [10,15].

Table 2. TDS measurement results on the system and HI98194.

TDS Measurement (ppm)
Sample A Sample B
System HI98194 | Difference |Relative Deviation (%) System | HI98194 | Difference | Relative Deviation (%)
180 185 -5 2.70 315 329 -14 4.26
180 185 -5 2.70 315 328 -13 3.96
179 182 -3 1.65 314 328 -14 427
179 181 -2 1.10 313 328 -15 4.57
178 181 -3 1.66 313 329 -16 4.86
177 180 -3 1.67 314 329 -15 4.56
179 180 -1 0.56 315 330 -15 4.55
180 179 1 0.56 316 329 -13 3.95
176 178 -2 1.12 315 330 -15 4.55
176 178 -2 1.12 315 330 -15 4.55

In Table 2, the readings taken by the TDS sensor regarding TDS levels in water have varying
values. In sample A, the highest deviation was 2.70% and the lowest deviation was 0.56%.
Meanwhile, in sample B, the highest deviation value was higher than sample A, namely 4.86%, and
the lowest was 3.95%. The difference in measurements that occur in sample A and sample B is
relatively the same. To eliminate errors in differences in measurements made by the system with the
HI98194 standard measuring instrument, a recalibration process is required in the programming of
the TDS level readings on the system that has been created. Based on the results above, adding a
different value can be a solution to adjust the measurements made by the system on HI98194 so that
systematic errors can be reduced and measurements obtained that are close to the results of
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standardized measuring instruments. However, the interesting thing is that the measurements made
by the system tend to be more stable in the measured TDS levels compared to the HI98194 which
experienced fluctuations, especially in the measurement of sample A.

Table 3. EC measurement results on the system and HI98194.

EC Measurement (uS/cm)
Sample A Sample B
System | HI98194 |Difference|Relative Deviation (%) System [ HI98194 |Difference|Relative Deviation (%)
360 375 -15 4.00 630 658 -28 4.26
360 370 -10 2.70 630 656 -26 3.96
358 364 -6 1.65 628 656 -28 4.27
358 363 -5 1.38 626 657 -31 4.72
356 361 -5 1.39 626 658 -32 4.86
354 360 -6 1.67 628 657 -29 441
358 359 -1 0.28 630 659 -29 4.40
360 358 2 0.56 632 658 -26 3.95
352 357 -5 1.40 630 660 -30 4.55
352 357 -5 1.40 630 660 -30 4.55

Table 4. Resistivity measurement results on the system and HI98194.

Resistivity Measurement (kQ.cm)

Sample A Sample B
System | HI98194 |Difference[Relative Deviation (%)| System | HI98194 |Difference|Relative Deviation (%)
0.16 0.18 -0.02 11.11 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67
0.16 0.17 -0.01 5.88 1.4 1.5 -0.1 6.67

Table 5. Salinity measurement results on the system and HI98194.

Salinity Measurement (psu)
Sample A Sample B
System HI98194 Difference [Relative Deviation (%)| System | HI98194 | Difference |Relative Deviation (%)
0.16 0.18 -0.02 11.11 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38
0.16 0.17 -0.01 5.88 0.29 0.32 -0.03 9.38

In Table 3, the EC measurements carried out by the system have quite a large difference. This can
be seen in the deviation that occurred in the measurements of sample A and sample B which had the
highest deviations of 8.80% and 3.64% respectively. This quite large deviation occurred because the
EC level measurement was carried out using the same sensor probe, namely the TDS sensor. The EC
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value itself is obtained using the relationship equation between TDS and EC. Thus, a lack of
appropriate calibration can result in quite large differences between measurements and measurement
results with standardized measuring instruments. The stability of the system in EC measurements also
looks more stable, especially in measuring sample A against the HI98194 standard measuring
instrument. This also occurs in the resistivity and salinity measurements shown in Table 4 and Table
5. The resistivity and salinity values are also taken based on the equation of the relationship between
TDS, EC, resistivity and salinity. However, even though there is a large deviation, the difference in
measurements made using the system that has been created when compared with standard measuring
instruments has a relatively small difference, so it is considered to have met the measurement
tolerance. The deviation value of the resistivity itself in sample A and sample B has a maximum value
of 11.11% and 6.67% respectively. Meanwhile, for salinity values, the system's highest deviation
from the standardized instrument measurement results in sample A was 11.11% and 9.38%.

Based on the results of the measurements that have been carried out, further recalibration is
required for TDS, EC, resistivity and salinity measurements in order to obtain more accurate results
that are close to the measurement results of standardized measuring instruments. So, later the
application of the water quality monitoring system that has been created can be easily used with high
measurement validity.

Conclusion

A water quality monitoring system was successfully developed and implemented, integrating
sensor data with real time display capabilities. The system displays water quality measurements
through both an Android application (using Blynk) and a Human Machine Interface (HMI) device.
System testing of the temperature sensor demonstrated reliable and stable measurements, comparable
to standard instruments. However, recalibration of the TDS sensor is required to enhance
measurement accuracy and consistency to match standardized measuring instruments. Such
recalibration would increase the system's potential for practical application in aquaculture
environments.
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