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ABSTRACT — Pond water pollution is the main problem in vannamei shrimp cultivation, so to overcome this problem, The decline
in water quality is caused by a decline in the quality of pH, salinity and temperature in pond water. Researchers created the
Quamonitor tool to monitor IoT-based vaname shrimp pond water. The research was conducted using the Research and
Development (R&D) method with the Analyze, Design, Develop, Implement and Evaluate (ADDIE) model, assisted by WiFi,
MQTT and Node Red networks to monitor water in order to display monitoring results on Android. This study aims to monitor the
condition of vaname shrimp pond water quality in the form of pH, temperature, and salinity parameters using pH E-4052C sensor,
DS18B20 temperature sensor, TDS/Conductivity DFRobot V1.0 sensor and NodeMCU ESP32 as a data manager and system
controller that runs in real time. The test results of PH sensors, temperature sensors and TDS/conductivity sensors obtained a
sensor error percentage of 0.29% for pH parameters, 1.7% for temperature parameters and 0.41% for salinity parameters. Based on
the sensor error value, Thingspeak graph display, real time monitor display on Android, it can be said that the manufacture of the
Quamonitor tool for IoT-based vaname shrimp pond water quality monitoring is successful and can function well.
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. INTRODUCTION

Shrimp pond management is one of the leading exports in Indonesia, whose quality needs to be improved [1]. To produce
quality shrimp, there must be facilities, namely water as a place for cultivation, the method used is traditional cultivation, because
one of the conditions for carrying out cultivation is the presence of cultivated organisms, living media and the place [2]. The
water medium used can be river water or sea water, water quality management is an indicator to see water quality through
measuring PH, salinity, temperature and brightness [3]. Aquaculture management requires a control system to support the
survival of shrimp [4] .

This is based on the results of research conducted by [5] which states that shrimp cultivation is influenced by the water quality
in ponds, the results obtained by water quality can be monitored via a website-based application. One type of shrimp that is easy
to cultivate is the vaname shrimp or commonly called litfopenaeus vannamei , which is a mainstay commodity in the fisheries
sector [6]. To produce superior vaname shrimp requires attention to both internal aspects, such as water quality, as well as internal
factors, the quality of water, feed and waters as well as the technology used, good water quality, a temperature of 28-30 ° C, water
pH of 7-8, 5, and water salinity of 10-30 ppt, because vaname shrimp will develop and grow in these factors and will not die
easily [7]. The use of technology in cultivation will help people save time and energy, because the method used is IoT-based,
where devices can detect water quality in the form of temperature, salinity and PH [8] . The use and application of IoT technology
in the aquaculture sector is highly recommended in assisting the implementation of pond cultivation [9] [10].

Water quality data collection to measure pond productivity. One of them is chemical and physical factors including pH,
salinity, water temperature. Based on DKP data from South Konawe district in 2016, the pond land had less than optimal quality,
including a water temperature of 33° C which was considered high and 27 °C which was low. Apart from that, there are a lot of
organic weathering residues so the average pH value is 6. Salinity 30 ppt.

It is important to constantly monitor water quality parameters and take corrective steps when necessary. By monitoring pond
water parameters at all times, you can prevent a decrease in the water quality of vaname shrimp ponds and reduce the risk of
disease and shrimp death, so a remote monitoring system based on the Internet of Things is needed to make things easier for the
farming community and provide contributions and facilities in vaname shrimp cultivation so that accurate data is obtained at any
time (real time) which is stored automatically in the system. This data can provide information about the water quality in the pond.

Research conducted by [10] designed a pH monitoring system for shrimp pond water that can provide SMS ( Short Message
Service ) warnings and also display on the LCD. The overall system test results show that the system can send SMS messages at
any change in water quality conditions.

Another research conducted by [11] designed a prototype of a salinity control device in shrimp ponds using a salinity
sensor/TDS, with Arduino as data management. The test results of the tool provide information regarding salinity conditions on
the 16x2 LCD screen and the availability of each pump for fresh water and sea water as a reaction so that the pond water quality
is always in a normal condition. From existing research, there has been a lot of research regarding monitoring pond water quality
using pH sensors [13], temperature sensors and TDS sensors [14] [15]. However, this research has not used and utilized the ESP
32 Dev Kit as a processing medium. Apart from that, both studies need development. This is because Gate Away SMS-based
notifications result in the waste of cellular credit when sending continuous warnings. For this reason, monitoring development is
needed, one of which is IoT-based using a WiFi module so that water quality monitoring can be seen in real time [16] [17].

One of the microcontrollers that is often used is the ESP 32 dev kit module which is a combination of WIFI and Bluetooth
modules. It has been widely used in internet of things applications as a control that can use the MQTT protocol or a web server as
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a link between sensors and communication devices in the form of cellphones to send appropriate messages. topics desired by the
user.

The Internet of Things (10T) is a solution to various problems in cultivating vaname shrimp remotely. IoT has a concept where
various physical devices (such as sensors, electronic devices, vehicles, household appliances, etc.) are equipped with technology
that allows them to communicate with each other and exchange data via the internet network. This concept allows these objects to
collect, transfer, and receive data without requiring direct interaction between humans and devices[18] [12] . The main goal of
IoT is to create an environment where devices can communicate with each other, collaborate, and work automatically to increase
efficiency, convenience, and productivity[20].

Based on this problem, the researcher raised the topic of developing a Quamonitor tool to remotely monitor the water
conditions of vaname shrimp ponds based on IoT ( Internet of Things ). This Quamonitor tool can enable users to real-time
monitoring and collecting data from various devices and environments .

Il. METHOD
The steps taken in developing the IoT-based Quamonitor tool are as follows.

A. ANALYSIS

At this stage, researchers analyze the problems behind the emergence of this product development. Preliminary research
carried out by researchers took the form of literature studies in several national and international journals.

This stage will be carried out system design which will be able to meet the needs of the system designed by displaying data
from the results of tool implementation. Data that has been obtained from the results of sensor testing will then be analyzed from
the sensors used. The analysis data obtained is data when the tool is tested and then a comparison will be made with standard
tools[21].

B. DESIGN

The research instruments used in this research are as follows.

The ESP32 NodeMCU functions as a microcontroller that processes input, output, communication and runs the entire system.

The DS18B20 sensor functions to measure water temperature.

The E-4052C pH sensor functions to measure the acid-base levels of water.

Gravity DFRobot Analog TDS Sensor V1.0 functions to measure water salinity.

Jumper cables function to connect electronic components.

The breadboard functions as a place for a series of electronic components.

The function of the charging battery is to change the electrical voltage from the electrical power source into a voltage that

suits the needs of the Quamonitor device.

LCD ( Liquid Crystal Display ) functions to display images or text.

9. The tool box functions to help protect tools from damage due to dust, dirt or liquid that can enter it. This also helps keep tools
clean and ensures that nothing gets lost.

10. The 12C module functions to transfer data between devices connected on a single data bus in an efficient and reliable manner.

11. Pin headers function as connectors like jumper wires or solder-based connectors to create a sturdy and reliable connection
between two components or circuit boards.
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C. WIRING DESIGN AND HARDWARE SCHEMATICS OF QUAMONITOR TOOLS
Design of water quality monitoring tools for vaname shrimp ponds, pH sensors, temperature sensors and the TDSV1.0 sensor and
LCD are connected to the NodeMCU ESP32 wiring and the schematic can be seen in Figure 1.

Node MCU ESP32

LCD I2C

TDS V1.0 sensor

Figure 1. Wiring system hardware

D. SYSTEM BLOCK DIAGRAM
Block diagram can be shown in Figure 2.
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Figure 2. System Block Diagram

Block diagram of the Quamonitor tool works:
The E-4052C pH sensor, DS18B20 temperature sensor and TDS V1.0 Gravity sensor function as input, where the sensors will
send data to the ESP32 NodeMCU
Next, the NodeMCU ESP32 as a microcontroller will control or control the input and output of the entire system. When the
sensor detects the occurrence electricity usage, the data will be processed according to the program that has been set.
The NodeMCU ESP32 output will send data via the MQTT protocol and the data can be displayed on the MyMQTT Android
mobile application.

E. SOFTWARE DEVELOPMENT DESIGN

The water quality monitoring design is equipped with an E-4052C pH sensor, DS18B20 sensor, and TDS V1.0 Gravity

sensor. Water parameters to be measured include pH, temperature and salinity. The flow chart can be seen in Figure 3 .
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Figure 3. System design flowchart

Information:

1. Starting the initial process.

2. The pH sensor and temperature sensor are analyzed by the sensor serial port.

3. First calibrate the pH sensor and TDS sensor, check the data in the form of maximum voltage and minimum sensor voltage to
be entered in the program that has been designed.

4. Input and output installation, initial preparation for installation of input and output devices on the microcontroller.

5. The sensor will read the condition of the water around the container in the form of parameters for acid base levels,
temperature and salinity of the water.

6. If the sensor reads the parameters of acid base levels, temperature and salinity, the data will be sent to the NodeMCU ESP32.
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7. Next, NodeMCU will manage the data received from the sensors. Before collecting data, NodeMCU will check whether the
network is connected or not. After connecting to the network, data will be sent and stored in the MQTT database.

8. Next, data from the MQTT receiver and Node Red will be processed by NodeMCU to display notification data in the
MyMQTT application

9. The process of detecting acid base levels, temperature and salinity of water is complete.

F. DEVELOPMENT

The IoT concept developed is a vaname shrimp pond water quality monitoring system using MQTT which supports WAN
(connection between countries), Node Red, and My MQTT technology in delivering information to determine the water
conditions in vaname shrimp ponds.

G. IMPLEMENTATION
The implementation stage in this research is to unite all components into one unit. This is necessary to ensure that all components
work properly. If an error occurs, a review of the system design will be carried out.

H. EVALUATION

The evaluation stage is a process to see whether the system created is successful in accordance with initial expectations or not.
The evaluation stage can be carried out in the form of hardware circuit testing, program testing, sensor testing and data analysis in
the form of sensor error percentage, MQTT testing.

I. SYSTEM TESTING AND ANALYSIS
Tests have been carried out on the E-4052C pH sensor, DS18B20 sensor and DFRobot Gravity V1.0 TDS sensor using
NodeMCU ESP32 as a microcontroller which has an analog value resintivity range of 0 —4096/12 Bit.
1) E-4052C pH Sensor Testing

Testing the E-4052C pH sensor begins by calibrating the sensor connected to the NodeMCU ESP32 which has an analog
output value in the form of sensor voltage in real time by inserting the sensor probe into two water samples that have a pH of 4.01
and a pH of 6.68 to find the minimum and maximum voltage, then calculate the calibration value of the voltage and pH type. The
calibration values that have been obtained will be entered into the program to convert the analog values to digital values so that
the sensor can detect the pH of the water automatically. The sensor voltage for each water solution sample can be seen in Table I.

TABLEI

SENSOR VOLTAGE IN POWDERSBUFFER SOLUTION PH 4.01 AND 6.68

No Buffer Powder Analog Voltage (Volts)
1. 4071 3.31
2. 4077 3.32
3. 4.01 4071 3.31
4. 4075 3.32
S. 7,074 3.31

Average - 3.31

6. 3152 2.56
7. 3193 2.60
8. 6.68 3149 2.56
9. 3150 2.56
10. 3149 2.56

Average - 2.56

To find the calibration value for the E-4052C pH sensor, the following equation is used.

_(xA—xB)
C(B-4)
(3.31-2.56)
7= (6.68—4.01)

075
YToss
3 =0.266 1)

Y

Information:
Y = Calibration Value
A =pH 4.01



Electron : Jurnal limiah Teknik Elektro Volume 5 Number 1 May 2024
p-ISSN 2830-523X | e-ISSN 26226588

B =pH 6.68
xA = Voltage Value pH 4.01
xB = Voltage Value pH 6.68

The pH value of the water has been tested using a pH meter, before measuring the pH of the water using the E-4052C pH
sensor in vaname shrimp ponds using the internet network and Android notifications , the pH meter must be calibrated first. Then
data was collected on a good scale from the Quamonitor tool with pH parameters and the pH meter measuring tool so that a
comparison of the E-4052C pH sensor value was obtained with the value of the pH meter measuring tool. Testing of the E-4052C
pH sensor and pH meter measuring instrument can be seen in Figure 4.

Figure 4. pH and pH Sensor Testing Meters

The table of experimental results from the water pH testing that has been carried out can be seen in Table 2.

TABLEII

TEST RESULTS FROM WATER PH

Time PH Presentation Error

pH pH difference (%)

(s) sensors | Meter
5 7.43 7.47 0.04 0.53
10 7.47 7.49 0.02 0.26
15 7.46 7.48 0.02 0.27
20 7.48 7.47 0.01 0.13
25 7.47 7.45 0.02 0.27
Average 0.29

Water pH

7.5
7.49
7.48 /\
7.47 S~
7.46
7.45 /

7.44 //
7.43

7.42
7.41
7.4
1 2 3 4 5 6
——Sensor pH E-4052C Alat Ukur pH Meter

Figure 5. Comparison Chart of pH Sensors and pH Meters
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2) DS18B20 Temperature Sensor Testing

Temperature testing is carried out by comparing the values from the Quamonitor tool and the temperature tool, as in Figure 6

Figure 6. DS18B20 temperature sensor testing and DO/Temperature measuring instruments

The results of comparing the Quamonitor and Temperature meter tools can be seen in Table 3.
TABLEIII

WATER TEMPERATURE TEST RESULTS

Time Temperature Temperature Water Errors
(s) Sensor measuring Temperature (%)
(0C) instrument Difference

5 26.0 26.6 0.6 22
10 26.0 26.3 0.3 1.1
15 26.0 26.5 0.5 1.8
20 27.0 26.8 0.2 0.7
25 28.0 28.8 0.8 2.7
Average 1.7

Water Temperature

30
29
28

27 ///
26 —

25
24

1 2 3 4 5 6

Sensor Suhu DS18B20(oC) Alat Ukur DO/Temperatur

Figure 7 . Value Comparison Graph between DS18B20 Sensor and Temperature Measuring Instrument
In Table 3 and Figure 7 is a comparison of test results for water temperature . The difference value is obtained from
subtracting the DS18B20 sensor value from the temperature meter value. Here's the formula to find the temperature difference:
Temperature dif ference = sensor value - measuring instrument value (4)
error (%) from testing the DS18B20 sensor was calculated . The following is the formula for finding the percentage error in
temperature values

lisih
Persentase error suhu = M x100% 5)
nilai alat ukur
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From the results of testing the DS18B20 sensor, it can be seen in the table that the error percentage value obtained was 1.7%.
It can be concluded that the water quality monitoring system with temperature parameters using the DS18B20 sensor is said to be
successful and functioning well.

3) DfRobot Gravity V1.0 Conductivity/TDS Sensor Testing

Before testing is carried out, it is necessary to calibrate the DfRobot conductivity/TDS sensor. This sensor can detect the
salinity value in water by determining the maximum salinity and minimum salinity values to determine the sensor ADC value.
Then convert the ADC sensor value to digital using the linear equation Y=ax-tb.

Calculation of the formula for DFRobot conductivity/TDS sensor calibration in Table 4.

TABLE IV

CONDUCTIVITY/TDS SENSOR CALIBRATION DATA DFROBOT GRAVITY

Sampleno | x y x 2 y 2 Xy
1 358 0 128164 0 0
2 2773 | 30 | 7689529 900 83190
3 2831 | 34 | 8014561 1156 | 96254
Amount 5962 | 64 | 15832254 2056 | 179444
Information:
X = ADC value read on the sensor
y = Salinity value contained in Refractometer
x? = Sensor Squared ADC Value
y? = Squared salinity value present on the refractometer
Xy = The result of multiplying the ADC value by salinity value read by refractometer

The test results of the conductivity/TDS sensor and refractometer can be seen in Figure 8 and Table 5.

Figure 8. TDS And Conductivity Sensor Testing Refractometer

TABLE V

TEST RESULTS FOR WATER SALINITY

Censorship Salinity

TDS Refrato-meter . Error Percentage
No Difference

DFRobot (ppt) (%)

(ppt) (ppt)
1. 29.8 30 0.2 0.67
2. 29.8 30 0.2 0.67
3. 29.98 30 0.02 0.06
4. 29.9 30 0.1 0.33
5. 30.11 30 0.11 0.36

Amount 0.41
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Figure 9. Value Comparison Graph between DFRobots TDS Sensor and Refractometer

In table 5 and figure 9 is a comparison of test results for water temperature . The parameter difference value is obtained by
subtracting the salinity value between the DFrobot TDS sensor and the refractometer. The following is the formula for finding the
difference in salinity:

Salinity dif ference = sensor value - measuring instrument value (6)
the error percentage (%) obtained from the DFrobot TDS sensor test results was determined . The following is the formula for

finding the percentage error in temperature values.
_ selisih salinitas

Persentase error salinitas =——— x 100 %
nilai alat ukur (7

From the test results of the DFRobot Conductivity/TDS sensor, it can be seen in the table that the percentage error value
obtained was 0.41 % . It can be concluded that the water quality monitoring system with the Salinity parameter using the
DFRobot Conductivity/TDS sensor is said to be successful and functioning well.

The Implementation of hardware in water quality monitoring tools that has been designed to detect acid base levels,
temperature and salinity using the E 4502 C pH sensor, DS18B20 temperature sensor and Dfrobot gravity V1.0 and ESP 32 TDS
sensors as data managers.

lll. RESULTS AND DISCUSSION

The tests carried out include program testing, sensor testing, loT-based data delivery testing and data testing on servers and
notifications to users. The functional testing of the system was carried out in implementing the development of the Quamonitor
tool for monitoring water quality which used the E 4502 C pH sensor, DS18B20 temperature sensor and Dfrobot gravity V1.0 and
ESP 32 TDS sensors as data managers.

A. NODE RED MONITORING TESTING, MQTT

Testing the MQTT protocol using the publish/subscribe concept and sending graphics can be seen in Figure 10. Figure 10 is
monitoring as a form of implementation of the IoT protocol from MQTT. The test is carried out using a container by providing a
test water sample where the test material consists of powder with a pH of 4.01 , 6.86 and 9.18, ordinary water and sea water. Test
results are shown in Table 6 below

— gauge
esp32/suhu (
& conngeise \R chart
—
g ——~
N
esp32/ph
=] te
[—.‘
"G connected | . t DATA WATER )
e )
— g
T write file 5
T e s e
& show notification

Figure 10. Water Quality Monitoring Display on Node Red
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Figure 11. MQTT Dashboard Display Water Quality Monitoring on Node Red
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Figure 12. Graphic display of water quality monitoring on Thingspeak
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Figure 13. Water Quality Monitoring Display on MyMQTT

TABLE VI

OBSERVATION DATA

No Date/Time Water Ph W PRI Ten‘l)::::l;ure
(ppt) CO)
1 2022-09-02/11:01 8.05 19.05 30
2 2022-09-02/11:03 8.07 19.05 30
3 2022-09-02/11:05 7.98 19.07 30.5
4 2022-09-02/11:07 8.34 19.10 30.5
5 2022-09-02/11:09 7.96 19.14 30.5
6 2022-09-02/11:11 8 19.1 31
7 2022-09-02/11:13 7.98 19.09 31
8 2022-09-02/11:15 8.12 19.05 31
9 2022-09-02/11:17 8.14 19.10 315
10 2022-09-02/11:19 8.17 19.15 315
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Figure 16. Graph of the Relationship Between Water Temperature Parameter Values and Time Obtained

Based on these tests, it can be seen that the water quality detection system in the form of temperature, pH and water salinity
can function well. It can be seen that the sensor can read and measure water quality. The test was carried out on a money
container filled with water. The water quality monitoring tool is connected to a power source, namely a lithium battery (charging
battery), once connected the tool will operate where the E-4052 C pH sensor will read the pH value of the water, the DFRobot
Conductivity/TDS sensor will detect the water salinity value, and the DS18B20 sensor will detect water temperature. Then the
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sensor detects the data, the nodeMCU will send the data via the internet to the database. The data that has been sent to the
database will be updated at any time by the broker and will then appear on the main page of the website in the form of numbers
and graphs. After that the sensor will work for monitoring.

VI. CONCLUSION

The Quamonitor tool based on the Internet of Things (10T ) has been proven to be able to be used to monitor the water quality
of white vaname shrimp ponds temperature, pH and salinity of water. Different from other measuring tools, we combine three
sensors at once and one microcontroller. Apart from that, this tool also provides a lot of information regarding water quality data
in the pond remotely because it is equipped with IoT technology so it can be connected to Android . The test results of the PH
sensor, temperature sensor and TDS/salinity sensor obtained a sensor error percentage of 0.29 %, 1.7% and 0.41%. From the
sensor error values, graphs and real time monitor displays on Android , it can be said that the creation of an 10T- based vaname
shrimp pond water condition monitoring tool was successful and can function well.

It is hoped that further research can be developed by adding a water control system when using an aquarium container .
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