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Water service providers are confronted with multifaceted challenges ranging from ensuring 

service quality to addressing technical issues such as pipeline leaks. Manifestations of such 

leaks are often detected through diminished water pressure, yet the monitoring systems 

employed by these providers remain suboptimal. Traditional methodologies for identifying 

and inspecting distribution issues rely heavily on manual, analog procedures. This study 

seeks to harness the Internet of Things (IoT) for the development of an enhanced water 

distribution monitoring system. Employing a quantitative experimental methodology, the 

proposed system integrates an Arduino Uno microcontroller with sensors for water 

pressure, flow, and GPS location. Data captured by these sensors is synchronized with the 

Thinger.io platform via an ESP-32 module, facilitating real-time monitoring. Upon 

evaluation, it was observed that IoT implementation via Thinger.io could effectively track 

fluctuations in water discharge and pressure. Recorded data revealed a maximum water 

discharge of 303 liters, with water pressure values ranging from a low of 0.30 bar to a high 

of 4.07 bar. The outcome of this research is a visual monitoring framework that provides a 

dynamic assessment of water discharge and pressure, enabling water service providers to 

conduct routine evaluations with enhanced precision. This IoT-based approach not only 

streamlines the monitoring process but also introduces a level of automation that could 

significantly improve service reliability for drinking water infrastructures. 

Keywords: 

device integration, distribution, monitoring, 

Thinger.io, water pressure 

1. INTRODUCTION

Potable water, processed to satisfy health standards and 

suitable for consumption, remains a critical resource managed 

by water service providers [1]. These providers confront 

persistent challenges, including maintaining service quality 

and resolving technical complications such as pipeline leaks 

[2]. Manifestations of such leaks are typically indicated by 

reduced water pressure, a phenomenon underpinned by 

Bernoulli's principle, which elucidates the inverse relationship 

between fluid flow velocity and pressure [3]. 

Current monitoring systems for water distribution employed 

by drinking water providers are suboptimal, reliant on manual 

inspections and conventional tools—namely, analog 

manometers for pressure measurement and flow meters for 

gauging water discharge [4]. This manual approach, while 

traditional, proves inefficient, as it necessitates locating 

checkpoint areas and is susceptible to human error during 

routine checks. 

Concurrently, the Internet of Things (IoT) has emerged as a 

rapidly advancing concept, revolutionizing connectivity and 

data exchange across various applications [5, 6]. In the realm 

of water monitoring [7-10], IoT devices have demonstrated 

their utility in communication, information sharing, and the 

coordination of decisions through network-integrated data 

analysis [11]. Prior studies have introduced IoT-based water 

monitoring systems incorporating components such as the 

SEN-HZ21WA water flow sensor, Arduino Uno, and wireless 

communications [12-15]. 

Despite these advances, existing research has not fully 

explored the integration of water pressure sensors, water flow 

sensors, and the Global Positioning System (GPS) within a 

singular IoT-based monitoring framework. Pressure sensors 

are vital for assessing a range of pressures, while water flow 

sensors quantify fluid discharge, and GPS modules provide 

precise location tracking [16-18]. Such GPS data are 

instrumental in pipeline network development, mapping, and 

rapid problem resolution, with technical pipeline construction 

also considering geographical elevations [19, 20]. Pressure 

mapping, therefore, becomes a critical process for monitoring 

at various points within water distribution lines, particularly 

where pressure fluctuations are most pronounced [21, 22]. 

This study aims to develop a system capable of optimizing 

water distribution monitoring through the application of IoT 

technology, incorporating I2C LCD components, buzzers, a 

GPS module, water pressure sensors, water flow sensors, and 

the Arduino Uno microcontroller as the central control unit. 

The novelty of this research lies in its application of GPS 

technology to enhance the precision of monitoring locations. 

The ESP-32 WLAN module is selected for its SoC integration 

and WiFi connectivity, facilitating internet access [23-25]. The 

Thinger.io IoT cloud platform serves as the dashboard 

interface, displaying real-time sensor data and simplifying the 

monitoring process in systems utilizing IoT [26]. The 
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proposed device will be strategically placed at critical points 

within the distribution network, where pressure fluctuations 

are most severe, to enable efficient identification of issues and 

facilitate routine assessments by water service providers. 

 

 

2. RESEARCH STAGES 

 

Internet of Things-based water distribution monitoring 

using Thinger.io was developed using Arduino's 

microcontroller. Arduino receives input from sensors reading 

water pressure and water flow. Arduino will process input 

values into data that can be displayed. Then, the data is 

synchronized through the ESP-32 communication module to 

the Thinger.io IoT cloud platform so that water distribution 

information can be monitored via the Thinger.io dashboard in 

real time and can be done remotely via desktop or mobile. 

Therefore, it takes several steps to design this tool, including 

the tool design, the components needed, configuration, and the 

tool's testing stage so that the tool's results and performance 

follow the planned plan. The research stages must be 

sequential, from the case study to drawing conclusions so that 

the results can be obtained according to the plan; the research 

stages are shown in Figure 1. 

 

 
 

Figure 1. Research stages 

2.1 Case study 

 

The case study in this research began with a drinking water 

supply company called "Perumda Air Drinking Tirta Sukapura, 

Tasikmalaya Regency," which needed a digital water 

distribution monitoring tool that could monitor water 

distribution information in real-time and be accessed from 

anywhere. 

 

2.2 Tool design 

 

The stages for tool design are the system architecture 

diagram of water distribution monitoring aimed in Figure 2. 

 

 
 

Figure 2. System architecture diagram of water distribution 

monitoring 

 

 

3. RESULT AND DISCUSSION 

 

Testing and analysis are essential stages in building a 

system. The test aims to determine the system's performance, 

including testing internet connections and sensors. Based on 

the testing results, the system's deficiencies can be identified 

so that evaluation can help improve the system. 

 

3.1 Water distribution monitoring functional diagram 

 

The functional diagram details the component flow diagram 

of the system architecture that was previously made; the 

functional diagram is used as an example of tool 

implementation, and a functional diagram for monitoring 

water distribution is created, as shown in Figure 3. 

 

 
 

Figure 3. Functional diagram of water distribution 

monitoring 
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3.2 Tool components of water distribution monitoring 

 

The components used in making the water distribution 

monitoring tool are shown in Table 1. 

 

Table 1. Water distribution monitoring tool components 

 
Component Amount Function 

Arduino Uno One piece Microcontroller 

ESP-32 
Two 

pieces 

Microcontroller and 

Communications 

LCD 16x2 I2C One piece Displays 

Water Pressure Sensor One piece Inputs 

Water Flow Sensor One piece Inputs 

Buzzer One piece Alarm Outputs 

Cable Enough Connector 

 

3.3 Tool components of water distribution monitoring 

 

The results of the tool configuration based on the previously 

planned designs are as follows: 

(1) Making the wiring is the stage of wiring each component 

to be used. The wiring diagram for each connected component 

is shown in Figure 4. 

(2) Tool configuration is the stage after all components are 

combined and configured so that the tool can function 

according to plan. The configuration of the tool is as follows: 

a. Microcontroller configuration using Arduino IDE 

The microcontroller configuration stage, namely 

programming the Arduino Uno and ESP-32 devices through 

the Arduino IDEs software. 

b. Thinger.io configuration 

The Thinger.io configuration stage aims to synchronize the 

water distribution monitoring tool with the Thinger.io server. 

Configuration is done by registering the device on Thinger.io. 

 

 
 

Figure 4. Wiring diagram of water distribution monitoring 

 

3.4 Tool testing results 

 

Testing is done by testing the function of the entire system. 

The series of tests that have been carried out are as follows. 

(1) Results of water pressure sensor and analog manometer 

readings 

Table 2 shows that the results of testing the water pressure 

sensor readings show that the average error value of this 

comparison is ± 0.01%. The average error value in the water 

pressure sensor test is still within the range of the maximum 

error limit, which is ± 1% based on the reference from ASME 

B40.100. 

(2) Water flow sensor test results 

Based on Table 3, the results of testing the water flow sensor 

readings show that the average error value of this comparison 

is 0.058%. The average error value in the water flow sensor 

test is still within the range of the maximum error limit, which 

is ± 5% based on the reference from SNI 2547 2008. 

(3) GPS sensor testing results 

Based on Table 4. the results of testing the GPS sensor 

readings show that the average error value of this comparison 

is 5 meters. Testing the GPS module requires ± 10-15 minutes 

to lock the signal from the satellite. 

(4) Test results for ESP-32 connection to Thinger.io server 

The ESP-32 connection determines whether the ESP-32 has 

been connected to the Thinger.io server. Monitoring the 

connection status of the ESP-32 device with Thinger.io can be 

done by observing the status on the Devices tab menu and then 

selecting the device to watch. 

Based on Figure 5, which is a display of the status of 

Internet of Things devices on Thinger.io, it can be concluded 

that the status of the device has been connected based on an 

indicator in the form of a green box that reads “Online.” 

(5) Results of water pressure sensor data synchronization 

test with Thinger.io 

The water pressure sensor data synchronization test 

determines whether the water pressure sensor input is 

synchronized with the dashboard Thinger.io. The trial begins 

with measuring the speed of receiving water pressure data on 

the ESP-32 from Arduino Uno; the results of testing the speed 

of receiving water pressure data on Thinger.io from ESP-32 

are shown in Table 5. 

Based on Table 5, the results of the speed of receiving water 

pressure data on Thinger.io from ESP-32 show that the 

average latency value is 1380 milliseconds or 1.3 seconds. 

Monitoring the water pressure sensor data synchronized with 

Thinger.io can be done by observing the dashboard on the 

dashboard tab menu and selecting the device to watch. The 

water pressure data dashboard on Thinger.io is shown in 

Figure 6. 

(6) Results of water flow sensor data synchronization test 

with Thinger.io 

The water flow sensor data synchronization test determines 

whether the water discharge from the water flow sensor input 

has been synchronized with the dashboard Thinger.io. The 

first test, namely testing the speed of receiving water discharge 

data on Thinger.io from ESP-32, shows results in Table 6. 

Table 6 shows that the speed of receiving water discharge 

data on Thinger.io from ESP-32 shows that the average 

latency value is 1357.7 milliseconds or 1.3 seconds. 

Monitoring water discharge data from a water flow sensor 

synchronized with Thinger.io can be done by observing the 

dashboard on the dashboard tab menu and selecting the device 

to watch. The water discharge data dashboard on Thinger.io is 

shown in Figure 7. 

(7) GPS sensor data synchronization test results with 

Thinger.io 

The GPS sensor data synchronization test determines 

whether the water pressure sensor input has been synchronized 

with the dashboard Thinger.io. The test that was first, namely 

measuring the speed of receiving GPS sensor data on 

Thinger.io from ESP-32, the test results are shown in Table 7. 

Table 7 shows that the speed of receiving GPS coordinate 

data on Thinger.io from ESP-32 shows that the average 

latency value is 1157.3 milliseconds or 1.1 seconds. 

GPS coordinate data synchronized with Thinger.io can be 
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done by observing the dashboard on the dashboard tab menu 

and selecting the device to monitor. The GPS coordinates 

dashboard on Thinger.io is shown in Figure 8. 

(8) Thinger.io storage test results 

Storage testing on Thinger.io is conducted to determine 

whether the storage system on Thinger.io can store data. The 

storage feature on Thinger.io is called Data Buckets, which 

you can open the Data Buckets tab menu and then select the 

device to view. 

Based on Figure 9. it can be concluded that the Databuckets 

Thinger.io feature has stored the data and the time series. The 

data stored on Databuckets is the same data that is displayed 

on the Thinger.io Dashboard. The data buckets storage system 

saves data in 1-minute intervals and can be exported in 

multiple formats for offline processing. 

 

 

Table 2. Results of water pressure sensor and analog manometer readings 

 
No. of Tests Water Pressure Sensor Reading (Bar) Analog Manometer Reading (Bar) Errors (%) 

1 1.6 1.5 0.10 

2 1.7 1.7 0.00 

3 1.8 1.9 0.10 

4 1.9 1.9 0.00 

5 1.9 1.8 0.10 

6 2 2 0.00 

7 2 2 0.00 

8 2 2.1 0.10 

9 2.1 2.1 0.00 

10 2.2 2.3 0.10 

Error rate 0.01 

 

Table 3. Results of water flow sensor and measuring cup readings 

 
No. of Tests Water Flow Sensor Reading (Liters) Reading  Measuring Cup (Liters) Errors (%) 

1 0.16 0.15 0.01 

2 0.22 0.2 0.02 

3 0.36 0.3 0.06 

4 0.49 0.45 0.04 

5 0.56 0.5 0.06 

6 0.66 0.6 0.06 

7 0.75 0.7 0.05 

8 0.9 0.8 0.1 

9 0.98 0.9 0.08 

10 1.1 1 0.1 

Error rate 0.058 

 

Table 4. GPS sensor reading results on the device and GPS sensor on smartphone 

 

No. of Tests 
GPS Sensor Location Coordinates Smartphone GPS Sensor Location Coordinates 

Errors (meters) 
Latitudes Longitude Latitudes Longitude 

1 -7.536309  108.686302 -7.5363013 108.6862438 5 

2 -7.536309  108.686302 -7.5363013 108.6862438 5 
3 -7.536309  108.686302 -7.5363013 108.6862438 5 

4 -7.536309  108.686302 -7.5363013 108.6862438 5 

5 -7.536309  108.686302 -7.5363013 108.6862438 5 
6 -7.536309  108.686302 -7.5363013 108.6862438 5 

7 -7.536309  108.686302 -7.5363013 108.6862438 5 

8 -7.536309  108.686302 -7.5363013 108.6862438 5 
9 -7.536309  108.686302 -7.5363013 108.6862438 5 

10 -7.536309  108.686302 -7.5363013 108.6862438 5 

Average 5 

 

Table 5. Results of testing the speed of receiving water pressure data on Thinger.io from ESP-32 

 
No. of 

Tests 

Water Pressure 

Data (bar) 

Data Transfer Time on the ESP-32 (24-Hour 

Time Format) GMT+7 

Data Receiving Time on Thinger.io (24-Hour 

Time Format) GMT+7 

Latency 

(ms) 

1 5.5 18:06:37,534 18:06:39.391 1857 

2 5.4 18:06:38,520 18:06:39.427 907 

3 5.4 18:06:39,519 18:06:40.429 910 

4 5.5 18:06:40,506 18:06:41.398 892 

5 5.4 18:06:41.515 18:06:43.379 1864 

6 5.4 18:06:42,518 18:06:43.889 1371 

7 5.2 18:06:43.534 18:06:45.406 1872 

8 5.3 18:06:44,518 18:06:45.846 1328 

9 5.2 18:06:45.505 18:06:46.410 905 

10 5.2 18:06:46.521 18:06:48.415 1894 

Average 1380 
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Table 6. Results of testing the speed of receiving water discharge data on Thinger.io from ESP-32 

 
No. of 

Tests 

Water Debit Data 

(Liters) 

Data Transfer Time on the ESP-32 (24-Hour 

Time Format) GMT+7 

Data Receiving Time on Thinger.io (24-Hour 

Time Format) GMT+7 

Latency 

(ms) 

1 1.08 18:06:37.534 18:06:39.391 1857 

2 1.08 18:06:38.549 18:06:39.427 878 

3 1.08 18:06:39.550 18:06:40.429 879 

4 1.08 18:06:40.539 18:06:41.398 859 

5 1.08 18:06:41.547 18:06:43.379 1832 

6 1.08 18:06:42.550 18:06:43.889 1339 

7 1.08 18:06:43.534 18:06:45.406 1872 

8 1.08 18:06:44.550 18:06:45.846 1296 

9 1.08 18:06:45,539 18:06:46.410 871 

10 1.08 18:06:46.521 18:06:48.415 1894 

Average 1357,7 

 

Table 7. Results of testing the speed of receiving GPS coordinate data on Thinger.io from ESP-32 

 

No. of 

Tests 

GPS Sensor Location 

Coordinates 
Data Sending Time on ESP-32 (24-

Hour Time Format) GMT+7 

Data Receiving Time on Thinger.io (24-

Hour Time Format) GMT+7 

Latency 

(milliseconds) 
Latitudes Longitude 

1 -7.536309 108.686302 15:24:11.241 15:24:12.814 1573 

2 -7.536309 108.686302 15:24:12.248 15:24:13.198 950 

3 -7.536309 108.686302 15:24:13.278 15:24:14.336 1058 

4 -7.536309 108.686302 15:24:14.340 15:24:15.670 1330 

5 -7.536309 108.686302 15:24:15,386 15:24:16.468 1082 

6 -7.536309 108.686302 15:24:16.440 15:24:17.504 1064 

7 -7.536309 108.686302 15:24:17.535 15:24:18.753 1218 

8 -7.536309 108.686302 15:24:18,540 15:24:19.404 864 

9 -7.536309 108.686302 15:24:19,604 15:24:20.568 964 

10 -7.536309 108.686302 15:24:20.652 15:24:22.122 1470 

Average 1157,3 

 

Table 8. Email notification test results from Thinger.io 

 
No. of Tests Water Pressure (Bars) Condition of Water Faucet Switch Email Notifications 

1 0.7 Open Not Received 

2 0.4 Closed Received 

3 0.6 Open Not Received 

4 0.3 Closed Received 

5 0.7 Open Not Received 

6 0.2 Closed Received 

7 0.7 Open Not Received 

8 0.4 Closed Received 

9 0.8 Open Not Received 

10 0.3 Closed Received 

 

 
 

Figure 5. Devices status on Thinger.io 
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Figure 6. Water pressure data dashboard on Thinger.io 

 

 
 

Figure 7. Water discharge data dashboard on Thinger.io 

 

 
 

Figure 8. GPS coordinate data dashboard on Thinger.io 

 

(9) Email notification test results from Thinger.io 

Email notification testing was conducted to see if Thinger.io 

can send email notifications. The notification feature on 

Thinger.io is called Endpoints; this feature allows Thinger.io 

to send messages in the form of email or social media 

messages. In this test, Thinger.io email notifications are 

configured to detect a drop in water pressure. For example, a 

water pressure drop warning is set at 0.5 bar. Then, if the water 

pressure is below 0.5 bar, Thinger.io will email the personal 

email address that has been determined. 

The water pressure drop detection test is done by closing 

and opening the water faucet switch that goes to the water 

pressure sensor to ensure email can be sent. The condition of 

the water faucet switch in open and closed conditions is shown 

in Figure 10 and Figure 11. 

Then, the table is recorded following the tests; the results of 

the email notification test are shown in Table 8. Table 8 shows 

that email is received when Thinger.io detects a drop in water 

pressure below 0.5 bar, while email is not received when water 

pressure is above 0.5 bar. The results of email notifications 

received from Thinger.io endpoints are shown in Figure 12. 

 

 
 

Figure 9. Data buckets storage on Thinger.io 

 

(10) Water distribution monitoring equipment 

This test is the main objective of this research, namely the 

application of the Internet of Things concept to the water 

distribution monitoring tool. This testing process includes data 

collection according to the sensor installation location from 

the water distribution monitoring device; data collection is 

carried out for 24 hours and then analyzed to determine the 

total water discharge and rising water pressure at certain hours. 

Fluctuations in water pressure are related to the intensity of 

water use for each customer; the higher the water user, the 

lower the water pressure value will decrease, and when the 

water user decreases, the water pressure value will increase 

again. Installation of devices on water distribution lines, 

especially at critical points or checkpoints with monitoring 

parameters of water pressure, water discharge, and location, 

aims to make it easier for drinking water providers or Regional 

Drinking Water Company (PDAM) to ensure water 

availability for their customers. Figure 13 is the location of the 

monitoring device installation based on the coordinates of the 

device's GPS sensor. 

Based on Figure 13, the device is installed by the location 

of the sensor, namely the author's residence, as an example of 

a critical point or checkpoint area. Figure 14 is a form of 

installation of the water pressure and airflow sensors. Then the 

test results are displayed in Table 9. 
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Based on Table 9. it can be concluded that the lowest water 

pressure value occurs at 16:38 GMT+7 to 17:38 GMT+7 with 

water pressure at 0.30 bar, while the highest water pressure 

occurs at 01:38 GMT +7 to 02:38 GMT +7 with water pressure 

at 4.07 bar. 

Based on several tests that have been carried out, these 

results align with this research's aim, namely monitoring water 

distribution and the location of its application. The test results 

for the average latency value show the data transfer speed, 

which is included in real-time communication. This greatly 

influences the tool's ability to monitor; the faster the data 

transfer time, the faster the monitoring response will be 

produced. 

 

 
 

Figure 10. Condition of open water faucet switch 

 

 
 

Figure 11. Condition of closed water faucet switch 

 

 
 

Figure 12. Email notifications from endpoints Thinger.io 

 
 

Figure 13. Location of water distribution monitoring tool 

installer 

 

 
 

Figure 14. Installation of water pressure sensor and water 

flow sensor 

 

Table 9. Test results for installing water distribution 

monitoring equipment 

 

No. Test Date 

Testing Time 

(24-Hour Time 

Format) GMT+7 

Water 

Pressure 

(bars) 

Water 

Discharge 

(liters) 

1 10/05/2023 15:38-16:38 0.68 4 

2 10/05/2023 16:38-17:38 0.30 8 

3 10/05/2023 17:38-18:38 1.39 10 

4 10/05/2023 18:38-19:38 2.54 10 

5 10/05/2023 19:38-20:38 2.89 12 

6 10/05/2023 20:38-21:38 3.44 13 

7 10/05/2023 21:38-22:38 3.72 13 

8 11/05/2023 22:38-23:38 3.87 13 

9 11/05/2023 23:38-00:38 3.95 13 

10 11/05/2023 00:38-01:38 4.05 14 

11 11/05/2023 01:38-02:38 4.07 14 

12 11/05/2023 02:38-03:38 3.93 14 

13 11/05/2023 03:38-04:38 3.01 14 

14 11/05/2023 04:38-05:38 1.12 23 

15 11/05/2023 05:38-06:38 0.43 23 

16 11/05/2023 06:38-07:38 0.69 23 

17 11/05/2023 07:38-08:38 1.18 23 

18 11/05/2023 08:38-09:38 1.09 24 

19 11/05/2023 09:38-10:38 1.54 237 

20 11/05/2023 10:38-11:38 2.05 269 

21 11/05/2023 11:38-12:38 1.83 269 

22 11/05/2023 12:38-13:38 1.74 269 

23 11/05/2023 13:38-14:38 2.22 269 

24 11/05/2023 14:38-15:38 1.29 303 

 

 

4. CONCLUSIONS 

 

The application of the Internet of Things basis allows 

information on water pressure and water debit values from 

checkpoints to be known from anywhere, especially from the 
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office of the drinking water provider, because the Thinger.io 

platform can display the water debit value via the Internet. The 

lowest water pressure value is obtained at 0.30 bar, while the 

highest water pressure value is obtained at 4.07 bar when 

testing. The calculated water discharge value at the time of 

testing is 303 liters. This value is obtained from the Thinger.io 

storage feature. Critical points or checkpoints can be 

monitored remotely. 

This research still has various limitations, including device 

connectivity, which is still limited to the existing wireless 

network; further research can add data connections, such as 

using a SIM 7600 to use cellular data for internet connectivity. 

Apart from that, more in-depth research is needed regarding 

tool packaging to make it more practical. 
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