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Abstract: The need for water for humans is the main thing and cannot be replaced with
anything else. Water will always be needed every time for consumption and daily
activities. Therefore, the need for water is always considered in the distribution process
so that every community can meet its water needs. Especially residential areas where
water needs are important. However, there are obstacles to pipe leaks that cause this
water distribution to be hampered. The development of the Internet of Things is the main
solution in terms of monitoring water flow and water pressure in pipes. This makes it
easier for pipe repair parties to increase the effectiveness of their supervision of the
condition of their housing pipes. Based on the results of trials and evaluations that have
been carried out, it gives the conclusion that the existence of this system can help pipe
repair parties in knowing the state of water flow in pipe installations in their residential
areas. This system is also supported by using the calculation of physical formulas such as
the Bernoulli equation and the principle of continuity where the formula P = 1/20V? has
been used in the calculation of calibration on the water flow sensor and to test the
validation of the results issued by the water flow sensor, the Absolute Relative Error
calculation is also used where the formula used is Absolute Relative Error = | (estimated
- actual) / actual | * 100. Through the calculation processes carried out, it can increase the
chances of reading data that is more accurate than usual and the results will be
maximized in detecting any anomalies that occur during monitoring. Therefore, the
opportunity to implement a residential pipe monitoring system is a convincing thing to
do in improving services that are more responsive to residents in the housing complex.

Keywords: Water pipe, monitoring system, residential, Internet of Things, Bernoulli
equation.

1. Introduction

The Internet of Things (IoT) has become an important technological development
with the potential to improve efficiency and performance. IoT refers to a network of
objects equipped with Al technology, which enables interaction between devices and
humans through internet connectivity. This technology enables data sharing and requires
strong security systems. One of the benefits of IoT is its ability to monitor the environment
and collect data.

A significant issue that requires monitoring is water pipe leaks, which require quick
action. Managing pipeline leaks involves managing water pressure, monitoring leaks,
repairing pipes efficiently, ensuring the quality of the installation, and actively
maintaining and updating the pipeline system. Detecting and addressing leaks can
provide economic benefits by improving water distribution management and reducing
the intensity of pipeline leaks. Proper pipeline management is essential for distributing
clean, high-quality water.
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Pipeline leakage is a common problem in many parts of Indonesia, especially in
densely populated areas such as Surabaya. In March 2021, a pipe leakage incident affected
30 areas in the Jagir sub-district of Surabaya. Pipeline leaks are a regular problem in
Surabaya, as seen from a leak in the Lakarsantri area that took two weeks to repair in
February 2021. The many instances of pipe leaks highlight the need for adequate handling
and prevention to avoid severe damage and disruption to the water distribution system.

Water pipe damage can occur at any time due to factors such as blockages, high water
pressure, and pipe corrosion in residential installations. Finding leaks manually can delay
prompt repairs. Monitoring the water distribution system using data from sensors and
cloud databases can facilitate faster and more efficient pipeline repairs. A web application
can display real-time data on water discharge anomalies, making it easier to identify leak
locations and prioritize repairs.

By implementing the monitoring prototype and web application, pipeline monitoring
can be done by observing changes in the data stored in the cloud database. This eliminates
the need to conduct on-site inspections of pipeline installations. A responsive system that
can quickly address leaks can improve the efficiency of pipeline repair work, saving time
and resources. The objective of this project is to develop a web application that monitors
pipeline leaks and assists in quick repairs.

2. Methodology
2.1 Flowchart System

The research method that will be carried out in making the prototype is as follows:

2.1.1  Preparation stage
In this stage, what is done is to collect information about the pipe installation
circuit that will be used for the example of the prototype model to be made.

2.1.2  Analysis
In this analysis stage, get what information needs to be entered into the
system using Raspberry Pi so that the prototype can send data that will be
displayed on the web application to be created.

2.1.3  Design
After analyzing the problems and analyzing the needs, the design stage is
carried out. The design stage starts by designing a prototype design that will
be made, a FlowChart design, an Entity Relationship Database design, and a
web application display design.

214  Implementation
After the design stage, the implementation stage is carried out and
manufacturing will also run. The implementation stage will be divided into
several parts, namely: the Prototype Implementation Stage, System Process
Implementation Stage, and Web Application Display Implementation Stage.

2.1.5 Trial and Evaluation
The trial and evaluation stage will be carried out together with the
implementation stage so that the results obtained are as expected. If there are
still problems, an evaluation will be carried out to fix the problems that occur.

2.1.6  Report Preparation
The report preparation stage is carried out following the preparation of
reports starting from the analysis stage to the trial and evaluation stage.
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Figure 1. Flowchart System

Result and Discussion
3.1 Live Monitoring System

Based on the results of the system created, testing is carried out to check whether
the system can run properly. The first test carried out is testing whether the system
can show how things are leaking or not. The second test is carried out in the form of
testing leak notifications that have been successfully sent or not to the user.

The first test is done by logging into the web application first, if the user does not
have an account, the user will register first. Then after that, the user will be taken to
the main page, namely the live monitoring page which contains data packaged in the
form of line charts and tables. And also a monitoring report page that displays
monitoring data that has been stored and displayed again based on the time range
specified by the user.
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Figure 2. System Implementation Test Results

Figure 3. Test Results of Live Monitoring Page Display

Figure 4. Monitoring Report Page Display Test Results
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Figure 5. Notification Delivery Test Results

The second test was carried out by checking whether the leak notification could be
sent to the user via telegram. After the test was carried out, it was continued with the
validation of the test results where the first validation was carried out on the value
issued by the water flow sensor using the absolute relative error. The second
validation is done to ensure the leak notification can be sent to the user's telegram.
The first validation is done by showing a table containing the output of the waterflow
sensor which is compared with the results of manual calculations to get the absolute

relative error results.

3.2 Analysis system

From the prototype experiment, several states of the system are obtained with
calculations as in the following equations, in the Normal state when all holes are
closed. By manual calculation, the water discharge is obtained as in Equation 1 and
Equation 2.

Q=V/t=220/60=3.66L/s (1)
v=3.66/( m *(8.8)%) =0,01504 m/s )

Moreover, the water pressure can be seen in Equation 3 and Absolute Relative Error
Sensor can be seen in equation 4 and 5.

P=0.5*1000* ( 0.01504)? =0,1131008 Pa ~ 0.113 Pa (3)
Table 1. Sensor Calculation Result
Trial To Debit Sensor 1 Debit Sensor 2
(L/s) (L/s)
1 3.450 3.546
2 3.450 3.546
3 3.450 3.546
4 3.450 3.450
5 3.450 3.450
6 3.450 3.546
7 3.450 3.450
8 3.450 3.546
9 3.450 3.546
10 3.450 3.450
Total 34.500 35.076
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Absolute Relative Error Sensor 1 = |%| x 100% =0.06% 4)

Absolute Relative Error Sensor 2 = |%| x 100% =0.04% (5)

Table 2. Water Pressure Sensor Test

. Water Pressure Sensor 1 Water Pressure Sensor 1
Trial To-
(Pa) (Pa)
1 0.101 0.106
2 0.101 0.106
3 0.101 0.106
4 0.101 0.101
5 0.101 0.101
6 0.101 0.106
7 0.101 0.101
8 0.101 0.106
9 0.101 0.106
10 0.101 0.101
Total 1.01 1.04
Absolute Relative Error Sensor 1 = |1'011;;'13| x 100% =0.11% (6)
Absolute Relative Error Sensor 2 = |1'041._131'13| x 100% =0.08% @)
3.2 Analysis system 2
The next analysis is a calculation of the condition of the hole at the sensor
placement location 1. By manual calculation, the value of water discharge and water
pressure is obtained as in equations 8 and 9, while the water pressure is shown in
equation 10.
Q=V/t=140/60=233L/s 8)
v=233/(m *(8.8)%) =0,00958 m/s 9)
P=0.5*1000* ( 0.00958)% =0,0458882 Pa ~ 0.0467 Pa (10)
Furthermore, the discharge of sensors 1 and 2 can be seen in Table 3.
Table 3. Discharge Sensor Testing Results
. Discharge Sensor 1 Discharge Sensor 2
Trial To- (L/m) (L/m)
1 2.396 2.300
2 2.396 2.300
3 2.204 2.108
4 2.204 2.108
5 2.396 2.300
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. Discharge Sensor 1 Discharge Sensor 2
Trial To- (L/m) (L/m)
6 2.396 2.300
7 2.396 2.300
8 2.396 2.300
9 2.396 2.300
10 2.396 2.300
TOTAL 23.576 22.616
3.3 Analysis system 3
The next analysis is the Absolute Relative Error on sensors 1 and 2, shown in
equations 11 and 12.
Absolute Relative Error Sensor 1 = |23'52;323'3| x 100% =0.008% (11)
Absolute Relative Error Sensor 2 = |22'62;323'3| x 100% =0.03% (12)
Table 4. Water Pressure Sensor Testing
. Water Pressure Sensor 1 Water Pressure Sensor 2
Trial To-
(Pa) (Pa)
1 0.048 0.045
2 0.048 0.045
3 0.041 0.038
4 0.041 0.038
5 0.048 0.045
6 0.048 0.045
7 0.048 0.045
8 0.048 0.045
9 0.048 0.045
10 0.048 0.045
Total 0.466 0.436
Absolute Relative Error Sensor 1 = |%| X 100% = 0.002% (13)
Absolute Relative Error Sensor 2 = [*2=3%7| » 1009 =0.07% (14)

3.4 Analysis system 4 (Large Leak Condition)
In the Large Leak Condition, the manual calculation of water discharge can be seen

in equations 15 and 16.

Q=V/t=120/60=2L/s (15)
v=2/(m *(8.8)?) =0,00822 m/s (16)
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Moreover, the water pressure (P) formula as in equation 17, and Table 5 is the result

of the Discharge Sensor test conditions.

P=0.5*1000* ( 0.00822)? =0,0337842 Pa ~ 0.034 Pa (17)

Table 5. Discharge Sensor test

Trial To- Discharge Sensor 1 Discharge Sensor 2
(L/m) (L/m)
1 1.917 1.917
2 1.917 1.917
3 1.917 1.917
4 1.917 1.725
5 1.917 1.725
6 1.917 1.917
7 1.917 1.917
8 1.917 1.917
9 1.917 1.725
10 1.917 1.917
Total 19.17 18.59
Furthermore, In the next calculation, the Absolute Relative Error of Sensors 1 and 2
can be seen in equations 18 and 19. Table 6 is the calculation of water pressure sensors
1 and 2.
Absolute Relative Error Sensor 1 = |19'+0_20| x 100% =0.04% (18)
Absolute Relative Error Sensor 2 = |18'59 — 20| x 100% = 0.07% (19)
Table 6. Water Pressure Sensor test
. Sensor Pressure 1 Sensor Pressure 2
Trial To-
(Pa) (Pa)
1 0.031 0.031
2 0.031 0.031
3 0.031 0.031
4 0.031 0.025
5 0.031 0.025
6 0.031 0.031
7 0.031 0.031
8 0.031 0.031
9 0.031 0.025
10 0.031 0.031
Total 0.31 0.29
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Moreover, The Absolute Relative Error of Sensors 1 and 2 can be seen in equations 21

and 22.
. _ [031-034 _ o
Absolute Relative Error Sensor 1 = | o3 | x 100% = 0.09% (20)
. 0.29 - 0.34
Absolute Relative Error Sensor 2 = | ot | X 100% =0.15% (21)

3.5 Analysis system 5 (Medium Leaking Condition)
Moreover, in the hole between sensors 1 and 2, if there is a medium leak condition,
the water discharge formula can be calculated as in formulas 22 and 23, while the

water pressure can be seen in equation 24.

Q=V/t=140/60=2.33L/s (22)
v=233/( 1 *(8.8)2) =0,00958 m/s (23)
P=0.5*1000* ( 0.00958)2 =0,0458882 Pa ~ 0.0467 Pa (24)

Meanwhile, the results of the Debit Sensor test can be seen in Table 7. Table 8 is the
measurement result of the Pressure sensor, with the absolute relative error formula

for sensors 1 and 2 in equations 25 and 26.

Table 7. Discharge Sensor Test

Trial To- Discharge Sensor 1 Discharge Sensor 2
(L/m) (L/m)
1 2.396 2.108
2 2.396 2.300
3 2.204 2.108
4 2.204 2.108
5 2.396 2.300
6 2.396 2.108
7 2.396 2.108
8 2.396 2.108
9 2.396 2.300
10 2.396 2.300
Total 23.576 21.848
Absolute Relative Error Sensor 1 = |w| x 100% = 0.008% (25)
Absolute Relative Error Sensor 2 = |21'i;323'3| x 100% =0.06% (26)
Table 8. Pressure Sensor Test
Trial To- Sensor Pressure 1 Sensor Pressure 2
(Pa) (Pa)
1 0.048 0.038
2 0.048 0.045
3 0.041 0.038
4 0.041 0.038
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Trial To- Sensor Pressure 1 Sensor Pressure 2
(Pa) (Pa)
5 0.048 0.045
6 0.048 0.038
7 0.048 0.038
8 0.048 0.038
9 0.048 0.045
10 0.048 0.045
Total 0.466 0.408
Absolute Relative Error Sensor 1 = |W| X 100% = 0.002% (27)
Absolute Relative Error Sensor 2 = |W| x 100% =0.13% (28)

Furthermore, in large leak conditions, it can be calculated by manually calculating the
water discharge as in Formulas 29 and 30. While the water pressure is shown in

formula 31. The complete test results of water discharges 1 and 2 can be shown in

Table 9.
Q=V/t=120/60=21L/s (29)
v=2/(m = (8.8)%) =0,00822 m/s (30)
P=0.5*1000* ( 0.00822)? =0,0337842 Pa ~ 0.034 Pa (31)
Table 9. Discharge Sensor test
Discharge Sensor 1 Discharge Sensor 2
Trial To-
ratto (L/m) (L/m)
1 1.917 1.725
2 1.917 1.725
3 1.917 1.725
4 1.917 1.725
5 1.917 1.725
6 1.917 1.725
7 1.917 1.725
8 1.917 1.725
9 1.917 1.725
10 1.917 1.725
Total 19.17 17.25

Moreover, the calculation of pressure sensors 1 and 2 can be seen in Table 10, and the
calculation of Absolute Relative Error Sensors 1 and 2 can be seen in Equations 32 and

33.

19.17 - 20
20

Absolute Relative Error Sensor 1 = | | x 100% =0.04% (32)

17.25 - 20|

Absolute Relative Error Sensor 2 = | x 100% =0.14% (33)
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Table 10. Sensor Pressure test

Trial To Sensor Pressure 1 Sensor Pressure 2
(Pa) (Pa)
1 0.031 0.025
2 0.031 0.025
3 0.031 0.025
4 0.031 0.025
5 0.031 0.025
6 0.031 0.025
7 0.031 0.025
8 0.031 0.025
9 0.031 0.025
10 0.031 0.025
Total 0.31 0.25
. 0.31-0.34
Absolute Relative Error Sensor 1 = | -~ | X 100% =0.09% (34)
. 0.25 - 0.34
Absolute Relative Error Sensor 2 = |T| X 100% =0.27% (35)
3.6 Analysis system 6 (Medium Leaking Condition)
Moreover, is the condition of the hole after sensor 2, a medium leakage condition,
with manual calculation of water discharge and water pressure as shown in equations
36, 37, and 38.
Q=V/t=140/60=233L/s (36)
v=233/(m *(8.8)%) =0,00958 m/s (37)
P =0.5%1000* ( 0.00958)? =0,0458882 Pa ~ 0.0467 Pa (38)
Table 11. Discharge Sensor Test
Discharge Sensor 1 Discharge Sensor 2
Trial To-
natto (L/m) (L/m)
1 2.300 2.108
2 2.300 2.300
3 2.300 2.300
4 2.300 2.300
5 2.300 2.300
6 2.300 2.108
7 2.300 2.300
8 2.300 2.300
9 2.300 2.300
10 2.300 2.300
Total 23 22.6
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Moreover, the formula for the absolute relative error of sensors 1 and 2 and the
complete pressure test sensor can be seen in Table 12. And then, formulas 41 and 42

for pre-calculating sensor errors 1 and 2 on the pressure test sensor.

Absolute Relative Error Sensor 1 = |232_3233'3| x 100% =0.01% (39)
. 22.6 - 23.3
Absolute Relative Error Sensor 2 = | 13 | x 100% =0.02% (40)
Table 12. Sensor Pressure test
Trial To Sensor Pressure 1 Sensor Pressure 2
(Pa) (Pa)
1 0.045 0.038
2 0.045 0.045
3 0.045 0.045
4 0.045 0.045
5 0.045 0.045
6 0.045 0.038
7 0.045 0.045
8 0.045 0.045
9 0.045 0.045
10 0.045 0.045
Total 0.45 0.44
Absolute Relative Error Sensor 1 = |$| x 100% =0.04% 41)
Absolute Relative Error Sensor 2 = |%| x 100% = 0.06% (42)
3.7 Analysis system 7 (Large Leak Condition)
Moreover, with a large leak condition, manual calculations for water discharge and
water pressure as shown in equations 42, and 43, and water pressure (P) in equation
44 can be seen. As for the Debit formula for sensors 1 and 2, it can be shown in detail
in Table 13.
Q=V/t=120/60=21L/s (43)
v=2/(m = (8.8)%) =0,00822 m/s (44)
P=0.5*1000* ( 0.00822)% =0,0337842 Pa ~ 0.034 Pa (45)
Table 13. Discharge Sensor 1 dan 2 test
Discharge Sensor 1 Discharge Sensor 2
Trial To-
nat e (L/m) (L/m)
1 1.917 1.917
2 1.917 1.917
3 1.917 1.917
4 1.917 1.917
5 1.917 1.917




ITota 2024, ISSN 2774-4353, 04, 04

862/865

. Discharge Sensor 1 Discharge Sensor 2
Trial To-
(L/m) (L/m)
6 1.917 1.917
7 1.917 1.917
8 1.917 1.917
9 1.917 1.917
10 1.917 1.917
TOTAL 19.17 19.17
Moreover, for the Pressure Sensor 1 and 2 section, you can see the Absolute Relative
Error values of Sensors 1 and 2 in equations 46 and 47, and also table 14 fully states
the results of pressure sensors 1 and 2.
Absolute Relative Error Sensor 1= [222=22| x 100% = 0.04% (46)
Absolute Relative Error Sensor 2= [222=22| x 100% = 0.04% (47)
Table 14. Pressure Sensor 1 and 2 test
Trial To- Pressure Sensor 1 Pressure Sensor 2
(Pa) (Pa)
1 0.031 0.031
2 0.031 0.031
3 0.031 0.031
4 0.031 0.031
5 0.031 0.031
6 0.031 0.031
7 0.031 0.031
8 0.031 0.031
9 0.031 0.031
10 0.031 0.031
Total 0.31 0.031
Absolute Relative Error Sensor 1 = |w| x 100% =0.09% (48)
Absolute Relative Error Sensor 2 = |$| x 100% =0.09% (49)

The second validation is done by showing proof of sending notifications in the user's

telegram. The following is evidence of notifications that appear on the user's device.

Moreover, Validate Notifications Sent to Telegram Groups, can be seen in Figure 12.
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Tekanan Sensor 2:
0.0 (Pa)
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PERHATIAN!!
Terjadi kebocoran sedang di sebelum/sekitar pipa 1!

Debit air Sensor 1: 0.67 (L/m)
Debit air Sensor 2: 0.77 (L/m)
Tekanan Sensor 1: 0.0 (Pa)

Tekanan Sensor 2:
0.0 (Pa)

Figure 12. Validate Notifications Sent to Telegram Groups

4. Conclusion

The conclusions obtained from the results of trials and validations that have been
carried out on the prototype monitoring system will be described into several
important points, namely:

e The prototype makes it easy for housing pipe maintenance parties to monitor the
condition of the pipes.

e The prototype can present water discharge and water pressure data.

e The prototype can provide leakage notifications via telegram.

e The prototype can show data in the monitoring report based on the time range
specified by the user.

In the measurement of water discharge when normal, the absolute relative error
of sensor 1 obtained is 0.06% and 0.04% in sensor 2. As for the measurement of water
pressure, the absolute relative error of sensor 1 obtained is 0.11% and 0.08% in sensor
2.

In the measurement of water discharge when there is a hole before sensor 1 and
in moderate leakage conditions, the absolute relative error of sensor 1 obtained is
0.008% and 0.03% in sensor 2. As for the measurement of water pressure, the absolute
relative error of sensor 1 obtained is 0.002% and 0.07% in sensor 2.

In the measurement of water discharge when there is a hole before sensor 1 and
in a large leak condition, the absolute relative error of sensor 1 obtained is 0.04% and
0.07% in sensor 2. As for the measurement of water pressure, the absolute relative
error of sensor 1 obtained is 0.09% and 0.15% in sensor 2.

In the measurement of water discharge when there is a hole between sensor 1 and
sensor 2 in a medium leak condition, the absolute relative error of sensor 1 obtained
is 0.008% and 0.06% in sensor 2. As for the measurement of water pressure, the
absolute relative error of sensor 1 obtained is 0.002% and 0.13% in sensor 2.
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In the measurement of water discharge when there is a hole between sensor 1 and
sensor 2 in a large leak condition, the absolute relative error of sensor 1 obtained is
0.04% and 0.14% in sensor 2. As for the measurement of water pressure, the absolute
relative error of sensor 1 obtained is 0.09% and 0.27% in sensor 2.

In the measurement of water discharge when there is a hole after sensor 2 and in
moderate leakage conditions, the absolute relative error of sensor 1 obtained is 0.01%
and 0.02% in sensor 2. As for the measurement of water pressure, the absolute relative
error of sensor 1 obtained is 0.04% and 0.06% in sensor 2.

In the measurement of water discharge when there is a hole after sensor 2 and in
a large leak condition, the absolute relative error of sensor 1 obtained is 0.04% and
0.04% in sensor 2. As for the measurement of water pressure, the absolute relative
error of sensor 1 obtained is 0.09% and 0.09% in sensor 2.
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