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Abstract 

 
This research develops an Internet of Things (IoT)-based water level monitoring system that can work in real-

time both locally and online. The system is designed with an ultrasonic sensor integrated into an ESP32 

microcontroller to process and transmit data to the Antares platform using the MQTT protocol. The obtained data 

can be displayed via the Antares dashboard and an I2C LCD as a local display, equipped with LED indicators and 

a buzzer as a warning when the water level is below the 65 cm threshold. To maintain communication stability, a 

static IP configuration is used. Test results show that the system has high accuracy with an average error of 0.2 

cm, a delay of 129.15 ms, and no packet loss, thus being able to provide reliable performance. Thus, this system 

is considered effective, efficient, and suitable for application in monitoring water levels for various industrial 

needs. 

 
Keywords: Internet of Things (IoT), ESP32, Antares, Ultrasonic Sensor, MQTT, Water Level Monitoring, 
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1. Introduction 

Water treatment is an integral part of the production 

process in the manufacturing industry, including at PT 

Simatelex. This system plays a crucial role in ensuring 

the availability of water that meets quality and 

quantity standards to support various operational 

activities, such as material washing, product testing, 

and other production needs. Optimal water treatment 

system performance significantly impacts the 

continuity of the production process, requiring 

continuous monitoring and maintenance. Without 

proper management, this system can become a critical 

point that causes production disruptions. 

However, an undetected water tank failure resulted in 

downtime for several production lines. This situation 

was further exacerbated by the relatively long distance 

between the maintenance room and the water 

treatment area, which limited the ability to carry out 

regular, direct monitoring. To address this issue, an 

Internet of Things (IoT)-based water level monitoring 

system was designed and built that provides real-time 

data and sends automatic notifications to the 

maintenance room without requiring manual on-site 

inspection. During its development, sensor testing and 

calibration were also carried out to ensure the 

accuracy and consistency of water level readings 

under various operational conditions, so that the 

resulting data can represent the actual condition of the 

storage tank. The implementation of this system is 

expected to increase the speed of response to potential 

emergencies, minimize the risk of downtime, and 

support the stability and sustainability of the water 

treatment system operations in the PT Simatelex 

industrial environment more effectively and 

efficiently. 

Several studies have been conducted on Internet of 

Things (IoT)-based water level monitoring systems to 

improve monitoring efficiency and provide early 

warnings of environmental conditions. 

Research conducted by Dicky Resta Kusuma and 

Munawaroh in a journal entitled "Design of IoT-Based 

Water Level Monitoring Equipment at PT. Usaha 

Gedung Mandiri" shows that IoT-based systems are 

effective for remote monitoring and increasing 

efficiency in water resource management in industrial 

environments.  

Another related study is "An Internet of Things-Based 

Flood and Storm Detection System and Weather 

Monitoring," designed by Ida Bagus Made Lingga 

Pradirta, I Nyoman Piarsa, and I Putu Arya Dharmaadi. 

This study uses ultrasonic sensors to measure water 

levels, making it an important reference in the 
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development of an IoT-based water level monitoring 

system. 

2. Metode 

2.1 Design 

The design of a water level monitoring system 

involves several stages: literature review as a 

reference collection process, hardware design, which 

includes the integration of mechanical and electrical 

components, and software design, which includes 

program and database creation. Next, system testing 

is conducted based on predetermined scenarios, 

followed by evaluation to assess the system's success 

rate. The next stage is data collection from the test 

results, which concludes with the preparation of a 

final report. The research design is shown in Figure 

1. 

 

Figure 1. System Design Flowchart 

 

2.1.1 Hardware Design 

Hardware design is a key component in developing 

the system in this study. In the Water Level 

Monitoring system, the first ESP32 functions as a 

sensor unit that reads the water level using an 

ultrasonic sensor installed above a 1 m³ stainless steel 

tank in the water treatment room on the third floor. 

The measurement data is then sent to an MQTT broker 

on the Antares platform via the internet. The second 

ESP32 acts as a receiver unit that subscribes to the 

data and displays it in real-time on an LCD located in 

the maintenance room on the ground floor. The system 

is also equipped with a buzzer as a warning indicator 

when the water level is below the specified minimum 

limit. With this IoT concept, users can monitor water 

conditions remotely in real time, thus supporting 

automatic monitoring and rapid decision-making to 

prevent the risk of water shortages. The overall system 

workflow is shown in the hardware design block 

diagram in Figure 2. 

 

Figure 2. Watertreatment Monitoring Hardware 

Design 

2.1.2 Software Design 

The software design for the ESP32-based Water Level 

Monitoring system and the Antares platform begins 

with the process of reading ultrasonic sensor data to 

measure the water level. The height value is obtained 

by converting the reflected distance of the ultrasonic 

wave using the water level equation as the difference 

between the tank height and the sensor distance. The 

measurement data is then sent every 10 seconds to the 

Antares platform via the MQTT protocol by the 

ESP32 as the sending unit. After the data is stored on 

the server, the receiving ESP32 subscribes to the 

MQTT topic to obtain data in real-time. The data is 

then processed and displayed on a 20x4 I2C LCD, 

followed by buzzer activation if the water level is 

below the minimum limit of 65 cm. Water level 

information can be accessed by technicians via the 

LCD or the Antares application on mobile devices, 

thus supporting an automated and efficient monitoring 

system. The software workflow is shown in the design 

flowchart in Figure 3. 
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Figure 3. Software Design Flowchart 

3. Results and Discussion 

Before testing the IoT-based water treatment 

monitoring system using Antares, environmental 

conditions were first adjusted to suit the system's 

requirements. Testing was conducted in a water 

treatment installation room equipped with a storage 

tank, a filter unit with three main tubes, and a stainless 

steel tank as the water treatment process medium, as 

shown in Figure 4. The focus of the testing was on the 

stainless steel tank, which was fitted with sensors to 

directly monitor water conditions. All devices were 

placed in an easily accessible area to facilitate sensor 

installation, wiring, and integration with the IoT 

system. Furthermore, environmental conditions were 

maintained stable to ensure optimal testing and 

accurate data representation in the field. 

 

Figure 4. Watertreatment 

During the testing phase, an ultrasonic sensor was 

mounted on the top of a stainless steel tank, as shown 

in Figure 5, facing directly toward the water surface. 

This sensor works by emitting high-frequency sound 

waves, which are then reflected by the water surface 

and received back by the sensor to calculate their 

travel time. Based on this reflection time, the distance 

between the sensor and the water surface can be 

determined, thereby obtaining the water level value. 

This method allows for real-time measurements 

without direct contact with the water, making it safer 

and more resistant to humid or wet environmental 

conditions. 

 

Figure 5. Ultrasonic Sensor Position 

In the accuracy and calibration tests, a comparison 

method was used between the results of ultrasonic 

sensor readings and manual measurements using a 

meter, as shown in Figures 6 and 7. Manual 

measurements were carried out by lowering the meter 

into a stainless steel tub until it reached the water 

surface to obtain the actual height value. This value 

was then compared with the data generated by the 

ultrasonic sensor and sent to an IoT-based monitoring 

system. This stage aims to evaluate the level of sensor 

accuracy and carry out the calibration process if there 

is a difference in results between manual 

measurements and the sensor. 
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Figure 6. Manual Measurement Process 

 

Figure 7. Meter Measuring Instrument 

3.1 Testing Data Sending from ESP32 

Publisher to ESP32 Subscriber 

Data communication testing between the ESP32 

Publisher and ESP32 Subscriber was conducted to 

ensure that data sent by the Publisher can be properly 

received by the Subscriber via the MQTT protocol on 

the Antares platform. The monitoring process was 

carried out using the serial monitor on the Arduino 

IDE and the I2C LCD display on the ESP32 

Subscriber side. The results of the data reception test 

from the ESP32 Publisher to the ESP32 Subscriber are 

presented in Table 1. 

Table I 

Data Delivery Testing 

 

 

3.4 Alarm Buzzer Warning Testing 

The buzzer warning system was tested 10 times with 

two measurement conditions: at distances below 65 

cm and above 65 cm. At distances below 65 cm, the 

buzzer is expected to be active as a warning indicator, 

and the test is considered successful if the buzzer 

emits a sound. Conversely, if there is no sound 

response, the test is considered a failure. At distances 

above 65 cm, the buzzer should be inactive, so the 

test is considered successful if no sound is produced, 

and failed if the buzzer remains active. The results of 

the active and inactive buzzer test conditions are 

presented in Table 2. 

Table II 

Alarm Buzzer Testing 

 

 

 

No.
Pengukuran Sistem 

(cm)

Tampilan di LCD 

(cm)
Status

1 80,3 80,3 OK

2 80,6 80,6 OK

3 80,3 80,3 OK

4 80,8 80,8 OK

5 80,4 80,4 OK

6 80,9 80,9 OK

7 80,6 80,6 OK

8 80,1 80,1 OK

9 80,6 80,6 OK

10 80,3 80,3 OK

1 70,3 70,3 OK

2 70,5 70,5 OK

3 70,2 70,2 OK

4 70,4 70,4 OK

5 70,8 70,8 OK

6 70,3 70,3 OK

7 70,6 70,6 OK

8 70,3 70,3 OK

9 70,5 70,5 OK

10 70,4 70,4 OK

1 60,7 60,7 OK

2 60,9 60,9 OK

3 60,6 60,6 OK

4 61,1 61,1 OK

5 60,8 60,8 OK

6 60,4 60,4 OK

60

Pengukuran 

dilakukan 

pada 

ketinggian air 

80, 70, 60, 50 

dan 40 cm

Elemen

80

70

7 61 61 OK

8 60,9 60,9 OK

9 61,2 61,2 OK

10 60,7 60,7 OK

1 51 51 OK

2 50,8 50,8 OK

3 51,2 51,2 OK

4 50,6 50,6 OK

5 50,9 50,9 OK

6 51,2 51,2 OK

7 51 51 OK

8 50,9 50,9 OK

9 51,1 51,1 OK

10 50,8 50,8 OK

1 41 41 OK

2 41,4 41,4 OK

3 41,2 41,2 OK

4 41,4 41,4 OK

5 41 41 OK

6 41,1 41,1 OK

7 41,1 41,1 OK

8 41,3 41,3 OK

9 41,1 41,1 OK

10 40,66 40,66 OK

40

50

<65 cm (On) >65 cm (Off)

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

On Berhasil

Off Berhasil

100% 100%

Buzzer Alarm
No. Pengujian

Kondisi 

Buzzer

Pengujian 11

Pengujian 8

Pengujian 9

Pengujian 10

2

3

4

5

6

7

8

Pengujian 2

Pengujian 3

Pengujian 4

Pengujian 5

Pengujian 6

Pengujian 7

9

10

Berhasil berdasrkan kondisi

Total berhasil keseluruhan 100%
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3.4 Water Level Sensor Accuracy and 

Calibration Testing 

Water level sensor accuracy and calibration testing 

was conducted to ensure compliance between 

ultrasonic sensor readings and actual field conditions. 

The testing method was carried out by comparing 

sensor data with manual measurements using a meter 

in a stainless steel tank to obtain error values. Next, 

the relationship between sensor measurement values 

and actual values was analyzed using linear 

regression. The regression results in Figure 8 show a 

coefficient of determination (R²) close to 1, 

indicating a high level of consistency in sensor 

readings. This regression equation was then used as 

the basis for determining calibration factors to 

improve system accuracy. 

 

Figure 8. Linear Regression Graph 

The obtained regression equation, 𝑦 = 1.0252𝑥 − 

1.9023, is incorporated into the sensor data 

processing program. The slope and offset values 

derived from the equation are applied to the water 

level calculation variables to automatically calibrate 

the readings. Through the implementation of this 

equation, the system is able to generate corrected 

water level values based on the calibration results 

without requiring manual processing. The 

implementation of the regression equation is 

illustrated in Figure 9. 

 

Figure 9. Regression input into the waterlevel 

measurement program 

After applying the regression equation, the 

comparison results showed that the RMSE value after 

calibration decreased significantly compared to the 

pre-calibration condition, indicating an increase in 

sensor accuracy. This indicates that the calibration 

method using linear regression is effective in 

improving the accuracy of the water level 

measurement system. The results of the RMSE 

calculation after the calibration process are presented 

in Table 3. 

Table III 

Measurement After Calibration 

 

3.4 QoS Testing 

Quality of Service (QoS) testing is conducted based 

on predetermined scenarios using the Wireshark 

application. The initial testing phase begins by 

running the application to capture network traffic. 

This testing aims to obtain QoS parameters, including 

latency, delay, and packet loss values, as indicators of 

data communication performance on the system. 

3.4.3 Latency Calculation (Delay) 

Latency calculations were performed to determine 

the delay in sending data from the sensor to the server, 

which was obtained from the time interval between 

data sent and received based on the capture results in 

Wireshark. Next, the average delay value was 

calculated using Microsoft Excel with the average 

function, as shown in Table 4. 

Table IV 

Delay Calculation Using Ms. Excel 

 

No.
Measuring tool 

reference (cm)

Sensor Value 

(cm) 
Error (cm) Error Kuadrat

1 80,7 80,6 -0,1 0,01

2 77,6 77,4 -0,2 0,04

3 75,2 75 -0,2 0,04

4 72,6 72,7 0,1 0,01

5 69,5 69,6 0,1 0,01

6 68,6 68,4 -0,2 0,04

7 65,7 65,9 0,2 0,04

8 63,5 63,5 0 0

9 59,6 59,9 0,3 0,09

10 55,4 55,7 0,3 0,09

0,37

0,19

Jumlah

RMSE

No. Time Source Destination Time 1 Time 2 Delay

1 0,00 182.160.55.57 192.168.234.107 0,00 0,25 0,25

2 0,25 192.168.234.107 182.160.55.57 0,25 0,52 0,27

3 0,52 192.168.234.107 182.160.55.57 0,52 0,61 0,09

4 0,61 182.160.55.57 192.168.234.107 0,61 0,61 0,00

5 0,61 182.160.55.57 192.168.234.107 0,61 0,83 0,22

6 0,83 192.168.234.107 182.160.55.57 0,83 0,92 0,09

7 0,92 182.160.55.57 192.168.234.107 0,92 1,15 0,23

8 1,15 192.168.234.107 182.160.55.57 1,15 1,21 0,07

… … … … … … …

289 37,74 182.160.55.57 192.168.234.107 37,74 38,10 0,36

290 38,10 192.168.234.107 182.160.55.57 38,10 38,25 0,16

291 38,25 182.160.55.57 192.168.234.107 38,25 38,26 0,01

292 38,26 182.160.55.57 192.168.234.107 38,26 38,26 0,00

293 38,26 182.160.55.57 192.168.234.107 38,26 38,36 0,10

294 38,36 192.168.234.107 182.160.55.57 38,36 38,48 0,13

295 38,48 182.160.55.57 192.168.234.107 38,48 38,48 0,00

296 38,48 182.160.55.57 192.168.234.107 38,48 38,49 0,01

297 38,49 192.168.234.107 182.160.55.57 38,49 38,59 0,10

298 38,59 182.160.55.57 192.168.234.107 38,59 38,62 0,03

299 38,62 192.168.234.107 182.160.55.57 38,62

38,62

129,15

Total Delay

Rata-rata Delay
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Based on the results of observations with Wireshark 

on the IP address and protocol that have been set, the 

latency (delay) value is obtained which is calculated 

using the following formula:  

 

3.4.3 Jitter Calculation 

Jitter is the variation in delay between data packets, 

with high values indicating irregular transmission 

and potentially impacting connection stability. The 

average jitter value was calculated using Microsoft 

Excel's average function, as shown in Table 5. 

Table V 

Jitter Calculation Using Ms.Excel 

 

 From the results of the analysis using Wireshark 

on the specified IP address and protocol, the jitter 

value is obtained which is then calculated using the 

following formula:  

 

 

3.4.3 Packet Loss Calculation 

The data analysis process was performed using the 

Wireshark application by first running a capture 

process on the network. After the capture process was 

completed, the "mqtt" filter was applied to the filter 

column to display data packets using the MQTT 

protocol. This step aims to focus the analysis only on 

relevant data traffic, as shown in Figure 9. 

 

Figure 10. Packet Loss Value in Wireshark 

To calculate packet loss, a formula is used that 

compares the number of data packets successfully 

received to the number of packets sent. This 

calculation aims to determine the percentage of data 

loss during the transmission process. Packet loss is an 

important parameter in evaluating network quality 

because it is directly related to the reliability of data 

communication. The lower the packet loss, the better 

the performance of the communication system used. 

To calculate packet loss, you can use the formula.  

 

4. Conclusion 

Based on the test results that have been carried out, the 

IoT-based Water Level Monitoring system is able to 

operate well and reliably in various test aspects. The 

data communication process between the ESP32 

Publisher and ESP32 Subscriber via the MQTT 

protocol on the Antares platform shows a 100% 

success rate, with data matching between the serial 

monitor display and the I2C LCD without any 

differences. The buzzer warning system also functions 

according to the designed logic, with a 100% success 

rate in both active and inactive conditions based on a 

threshold of 65 cm. In addition, the calibration results 

using the RMSE method show an increase in sensor 

accuracy, where the displayed water level data is 

getting closer to the results of manual measurements. 

No. Time Source Destination Delay 1 Delay 2 Jitter

1 0,00 182.160.55.57 192.168.234.107 0,25 0,27 0,02

2 0,25 192.168.234.107 182.160.55.57 0,27 0,09 -0,18

3 0,52 192.168.234.107 182.160.55.57 0,09 0,00 -0,09

4 0,61 182.160.55.57 192.168.234.107 0,00 0,22 0,22

5 0,61 182.160.55.57 192.168.234.107 0,22 0,09 -0,13

6 0,83 192.168.234.107 182.160.55.57 0,09 0,23 0,14

7 0,92 182.160.55.57 192.168.234.107 0,23 0,07 -0,16

8 1,15 192.168.234.107 182.160.55.57 0,07 0,00 -0,07

… … … … … … …

289 37,74 182.160.55.57 192.168.234.107 0,36 0,16 -0,20

290 38,10 192.168.234.107 182.160.55.57 0,16 0,01 -0,15

291 38,25 182.160.55.57 192.168.234.107 0,01 0,00 -0,01

292 38,26 182.160.55.57 192.168.234.107 0,00 0,10 0,10

293 38,26 182.160.55.57 192.168.234.107 0,10 0,13 0,03

294 38,36 192.168.234.107 182.160.55.57 0,13 0,00 -0,13

295 38,48 182.160.55.57 192.168.234.107 0,00 0,01 0,01

296 38,48 182.160.55.57 192.168.234.107 0,01 0,10 0,09

297 38,49 192.168.234.107 182.160.55.57 0,10 0,03 -0,07

298 38,59 182.160.55.57 192.168.234.107 0,03

299 38,62 192.168.234.107 182.160.55.57

0,22

0,736

Total Jitter

Rata-rata Jitter
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In terms of network performance, QoS analysis shows 

excellent results with a packet loss value of 0%, an 

average delay of 129.15 ms, and jitter of 0.736 ms. 

Thus, the developed system is proven to be effective, 

accurate, and stable, making it suitable for application 

as an IoT-based water level monitoring solution in 

industrial environments. 

The developed system demonstrates strong potential 

for real-time industrial water tank monitoring 

applications. By providing continuous and accurate 

water level information, the system can assist 

technicians in monitoring tank conditions more 

efficiently and help reduce operational downtime. 

Furthermore, the proposed IoT-based architecture can 

be extended to other industrial equipment. Future 

development may include the integration of machine 

learning algorithms to support predictive analysis and 

intelligent monitoring systems. 
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