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Abstract: Conventional water reservoir filling systems often cause inefficiencies due to delays
in monitoring or failure of the float system which results in overflowing water from the reser-
voir. this research aims to develop an ESP32-based water level monitoring and control system
by utilising 10T technology and ultrasonic sensors, this system can facilitate users in monitoring
water levels and automating pump control. this research uses the experimental method, starting
from system design to system testing and analysis, as well as testing which includes sensor ac-
curacy, system response, and communication stability with the 10T server. based on the results
obtained. The test results show that the system has an average accuracy rate of 98.4% with an
average response time of 1.8 seconds. based on the results obtained, this system shows a posi-
tive accuracy value and response time in its application.
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Abstrak: Sistem pengisian tandon air secara konvensional sering kali menimbulkan ketidake-
fisienan karena keterlambatan dalam pemantauan atau kegagalan sistem pelampung yang
mengakibatkan meluapnya air dari tandon. penelitian ini bertujuan untuk mengembangkan sis-
tem monitoring dan kontrol ketinggian air berbasis ESP32 dengan memanfaatkan teknologi 10T
dan sensor ultrasonik, sistem ini dapat memudahkan pengguna dalam memonitoring ketinggian
air dan mengotomatisasi kontrol pompa. Penelitian ini menggunakan metode eksperimen, mulai
dari perancangan sistem hingga pengujian dan analisis sistem, serta pengujian yang meliputi
akurasi sensor, respon sistem, dan kestabilan komunikasi dengan server 10T. Hasil pengujian
menunjukkan bahwa sistem memiliki tingkat akurasi rata-rata sebesar 98,4% dengan waktu re-
spon rata-rata 1,8 detik. berdasarkan hasil yang diperoleh, sistem ini menunjukkan nilai akurasi
dan waktu respon yang positif dalam pengaplikasiannya.

Kata kunci: blynk; internet of things; pemantauan; tingkat air

INTRODUCTION hold purposes, including drinking, bath-
ing, and washing[1], [2].
Water is an indispensable element Clean water is a source of neces-

for the sustenance of all life on Earth. sity for human life which is usually taken
The utilization of water in Indonesia and from water sources such as wells. water
globally is proportional, encompassing sources such as wells, need tools to drain
both domestic and industrial applications. the water such as water pumps [3].

Humans employ water for diverse house- As is widely recognized, the wa-

265



JURTEKSI (Jurnal Teknologi dan Sistem Informasi)

Vol. Xl No 2, Maret 2025, him. 265 — 272

ISSN 2407-1811 (Print)
ISSN 2550-0201 (Online)

DOI: http://dx.doi.org/10.33330/jurteksi.v11i2.3713
Available online at http:/jurnal.stmikroyal.ac.id/index.php/jurteksi

ter pump is a tool employed for the pur-
pose of extracting water from sources
such as wells and conveying it to water
reservoirs to satisfy daily requirements
[4]. The process of reservoir filling is a
daily necessity, but it typically necessi-
tates close observation of the system.
Historically,  reservoir  filling  systems
have been implemented through the use
of floats that follow the water level. The-
se floats, when the water level is full, lift
and close the incoming water flow. How-
ever, there have been numerous instances
of defective floats that have resulted in
water wastage [5].

Furthermore, conventional moni-
toring systems frequently necessitate
substantial manual oversight, which can
result in delays in detecting alterations in
water levels or even failure to promptly
identify issues [6].

A significant challenge confront-
ing users is the inability to effectively
monitor water levels in reservoirs. This
deficiency can lead to water loss and dis-
ruption to water dependent activities.
Moveover, it hinders users ability to
manage water use in an effective and ef-
ficient manner [7].

A considerable number of indi-
viduals continue to rely on traditional
methods for determining the water level,
rather than utilizing contemporary tech-
nologies that facilitate real-time monitor-
ing. This affects the ignorance of know-
ing when exactly the water has reached a
certain height limit [8].

The advent of the Internet of
Things (loT) has profoundly impacted
various sectors, including the field of wa-
ter level monitoring. The integration of
advanced 10T technology, such as the
ESP32, Sensors, and Cloud 10T, has ena-
bled the automation of this process, facil-
itating real-time monitoring [9]. By uti-
lising this technology, users can monitor
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the water level inside the reservoir in re-
al-time, so that they can quickly take ac-
tion if changes occur. The water level
data can be displayed in the form of
graphs or numbers on various platforms
using Blynk. So that users can easily
monitor and manage water usage in their
homes [10] .

Therefore, this research designs
an 10T device using a wireless network
based on a water level detection sensor
that works automatically by reading the
water level using an ultrasonic sensor
that is applied to measure the water level.
The data obtained is then communicated
via the Internet and will be received by a
cloud-based application, namely blynk.
[11].

This research was conducted to
address these issues, with the objective of
resolving the identified problems. The
developed tool will prioritize the integra-
tion of the accuracy and responsiveness
of the ESP32 module with the HC-SR04
ultrasonic sensor, as incorporated into the
water level monitoring and control sys-
tem. The integration of these two compo-
nents is expected to enhance the efficien-
cy of water usage by reducing waste and
facilitating  enhanced  monitoring  and
control of the reservoir through the utili-
zation of Internet of Things (loT) tech-
nology [12].

METHODS

The research method used in this
study is an experimental method illustrat-
ed in Figure 1 below. it shows a visual
representation of the methodological
framework, which explains the sequential
steps and processes carried out in the
study.
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Figure 1 Research Flow

The system architecture of this
prototype consists of several main com-
ponents that interact with each other as
shown in Figure 2. The sensor used is an
HC-SR04 Ultrasonic, and the data col-
lected by the sensor will be sent to the
microcontroller, which in this case is an
ESP32. This microcontroller is responsi-
ble for collecting data from the sensors
and sending it to the loT Server, which in
this case is Blynk. The loT Server func-
tions as a data management and monitor-
ing center, providing a user interface ac-
cessible via a dedicated application. This
interface enables users to view water lev-
el data transmitted from the sensors and
to control or interact with the system as
required. The architecture of the proto-
type system facilitates environmental
condition monitoring and enables remote
system monitoring and control through
the provided application.
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Figure 2 loT-based water level monitor-
ing system architecture

System Design

The system architecture consists
of both hardware and software compo-
nents. The block diagram illustrating the
proposed system is depicted in Figure 2.
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The diagram is structured into three main
stages: input, processing, and output. The
input section contains an HC-SR04 ultra-
sonic sensor, which functions as a water
level detector. These sensors utilize ultra-
sonic waves to detect the distance or
presence of objects, operating on a prin-
ciple analogous to that of sonar or radar.

These sensors transmit waves to
an object, then measure the reflection
time to determine the distance or pres-
ence of the object. These sensors are
widely employed in various fields, in-
cluding automotive, industrial, and robot
navigation, as well as distance measure-
ment. They are composed of ultrasonic
transducers, which generate sound waves
with a frequency exceeding 20 kHz [13].
These sensors offer several advantages,
including high sensitivity, good resolu-
tion, and the capacity to function in a va-
riety of conditions. However, they are
also susceptible to interference from
nearby objects as well as changes in tem-
perature or humidity. These sensors find
application in a variety of systems, in-
cluding those responsible for accurate
monitoring, navigation, and object detec-
tion.

The process section contains an
ESP32 Microcontroller, an ESP32-based
development module designed to facili-
tate the prototyping of IoT projects. The
ESP32 is popular in 10T development
due to its high performance and wireless
connectivity features, such as Wi-Fi and
Bluetooth [14]. The ESP32 development
board is equipped with various compo-
nents, including a USB-to-serial convert-
er, a PCB with integrated circuits, pin-
headers for additional connections, and a
reset button. This module finds extensive
application in 10T projects, encompassing
device control, environmental monitor-
ing, and smart applications that leverage
wireless connectivity.
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This research employs the Hyper-
text Transfer Protocol (HTTP) communi-
cation protocol, which is a network pro-
tocol at the application layer utilised in
distributed, collaborative, and hyperme-
dia-based information systems [15]. The
conceptual framework of HTTP is illus-
trated in Figure 3. HTTP operates
through a request-response mechanism,
wherein the client (user) initiates a re-
quest to the server, which subsequently
responds according to the request re-
ceived.

Client

.

Figure 3 HTTP Concept

_ HITPrequest

The output section contains a re-
lay that functions as a connector with the
actuator utilized, which may be a motor
or a water pump. This relay operates as
an automatic switch, determined by the
state of the water level in the reservoir.

LCD 16x2

f
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|
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Figure 4 Diagram Block

Hardware Design

In the hardware design stage, the
physical components required for the wa-
ter level monitoring system are selected
and prepared. This process involves the
identification of the appropriate hardware
for the system, including the ESP32 mi-
crocontroller, HCSR ultrasonic  sensor,
communication module, and other com-
ponents. Subsequently, the physical de-
sign of the system is carried out, encom-
passing the layout and connections be-
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tween the components. Reliability as-
pects are also taken into account in this
design, to ensure that the system can be
integrated easily and operate stably in a
suitable environment.

System Testing

System testing is a critical com-
ponent of ensuring the proper operation
of all components and functionality of
the loT-based water level monitoring sys-
tem. The initial step involves performing
functional testing, wherein each feature
and function of the system is meticulous-
ly examined to ascertain their proper
functionality. This encompasses the eval-
uation of the HCSR ultrasonic sensor for
water level measurement, the communi-
cation between the ESP32 microcontrol-
ler and other devices, and the system's
response to control commands.

Subsequent to this, integration
testing was conducted, wherein the entire
system was tested under real operational
conditions, including the interaction be-
tween the different components and the
system's response to varying environ-
mental conditions. During the tests, the
data generated is monitored and analyzed
to verify the accuracy and reliability of
the system. Once all testing is complete,
the results are evaluated to identify areas
that require improvement or adjustment,
so that the system can operate optimally
in the desired environment.

Analysis and Discussion

In the analysis and discussion
stage, the results of the system testing are
evaluated in depth to identify the perfor-
mance and effectiveness of the developed
loT-based water level monitoring system,
attached below is the equation for calcu-
lating the error value of the measurement
results. The data collected during testing
is analyzed to evaluate the accuracy of
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the water level measurement, the sys-
tem's response to control commands, and
the stability and reliability of the system
under various environmental conditions.
The results of this analysis are then dis-
cussed to identify the strengths and
weaknesses of the system, as well as the
potential for further improvement. The
formula for calculating the error is as fol-
lows:

reference distance—sensor distance

x 100%
@

Error = -
reference distance

RESULT AND DISCUSSION

Research on prototype monitoring
and control systems for water levels in
loT-based tanks necessitates comprehen-
sive testing. The objective of this testing
is to ascertain the functionality of the sys-
tem, as well as to identify and rectify any
errors that may have occurred during the
development process. The testing proce-
dure is meticulously designed to analyse
and refine the system, ensuring its effec-
tiveness and reliability. The testing pro-
cess encompasses several components,
including the ultrasonic sensor, the water
pump, the communication with the loT
server, and the owverall system. The ensu-
ing comprehensive prototype design out-
comes are delineated in Figure 6 below.

Figure 5 loT-based Water Level Monitor-
ing System Prototype

Sensor and Communication Testing
The HCSR-04 Ultrasonic Sensor
was subjected to a series of tests in order
to evaluate its accuracy in detecting the
water level in the tank. This was
achieved by comparing the sensor read-
ings with manual measurements up to 30
cm, the test is shown in Figure 7. This
assessment ensured consistent perfor-
mance under various conditions, the re-
sults of which are shown in Tables 1 and
2. In addition, the system's communica-
tion with the loT server was tested by
analysing data transmission, connection
stability and responsiveness under differ-
ent network conditions.
Table 1 HCSR-04 Testing Results
Ref Sensor

Distane  Value Delay Eg;or
(cm) (cm) (S) ( 0)
1 1 1 0
2 2 1 0

3 3,1 3 3,33
5 5 2 0
7.5 7,6 2 1,33
10 9,99 2 0,1
15 15,2 1 1,33
20 20 3 0

24,1 24,1 2 0
30 30 2 0

Table 1 IoT Communication Test Results

Type of Test Test Result
Connection to the Success
Server
Connection Sta-
bility Stable
Server Respon- Average Delay
siveness 19s
Performance Average Error
Evaluation 0,61%

Overall System Testing
The objective of this study was to
assess the effectiveness and functionality
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of a prototype loT-based water level
monitoring and control system. The ex-
perimental process involved the integra-
tion of system components, including
ultrasonic sensors, water pumps, com-
munication control with the loT server,
and other automation features. These
components were integrated to operate in
a synergistic manner according to prede-
fined specifications. The testing process
also encompassed the simulation of real-
world situations and different usage sce-
narios.

This approach was adopted to
identify potential issues or deficiencies in
the system design or implementation.
The outcomes of these assessments will
furnish a comprehensive depiction of the
reliability and feasibility of the system in
effectively and efficiently monitoring and
controlling the water level in the tank.
Prior to conducting the test, it is impera-
tive to ascertain the volume of the tube.
This is of paramount importance as the
volume of the tube exerts a significant
influence on the water level measured by
the ultrasonic sensor.

Consequently,  precise  volume
calculation is essential for the proper cal-
ibration of the system. Subsequent to
this, the system can be subjected to a
process of testing to evaluate its perfor-
mance and functionality.

VTabung =mxr’x t(2)

TN Description:

VT P = Length
\;/ L = Width

' 430m T = Height

5 From the equation, we
/-§\ can calculate the vol-
v ume of the tube as fol-
«—> lows:

21cm
Viube = 3,14 x10,5% x 43
Viube = 14.886 =~ 15.000 cm?
The gallon canister has a capacity of £15
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liters of water, indicating that within this
range, the tube exhibits a high degree of
water retention. The error value in meas-
uring the volume of water is obtained
through the previously established equa-
tion, which is used to compare the vol-
ume or height that should be in the tube
with the value measured by the sensor.
The error value thus obtained facilitates
the evaluation of the sensor's capacity to
provide accurate measurements, as well
as the identification of potential areas for
enhancement in the developed water lev-
el monitoring system.

In addition to the preceding ex-
periments, the researcher also examined
the precision of the sensor in quantifying
the volume of water. This procedure en-
tailed a comparison of the volume ascer-
tained by the sensor with the volume cal-
culated on the basis of the dimensions of
the tank. This approach was adopted to
assess the reliability of the sensor in
providing accurate data regarding the ac-
tual volume of water in the tank.

As fillustrated in Table 3, the out-
comes of water volume tests on tubes
were employed to assess the performance
of the system. Each test is designated by
its sequence number, and the reference
volume of water in the tube is document-
ed, along with the volume ascertained by
the sensor. The percentage error between
the volume measured by the sensor and
the reference volume is also documented
for each test. The results of these tests
facilitate a comprehensive evaluation of
the performance of the sensor and the
system in detecting the volume of water
in the tube. This evaluation is crucial for
identifying and enhancing areas that ne-
cessitate refinement to augment the accu-
racy and efficiency of the Internet of
Things-based water level monitoring sys-
tem under development.
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Table 2 Test Results for Water Height in Tubes

and Water VVolume in Tubes

Refer- Refer- Measured
Sensor Delay Error Delay  Error
ence Value (cm) (s) (%) ence Vo_Iume (s) (%)
(cm) (liter) (liter)
1 1,2 1 20 346,2 342,7 2 1,011
2,5 2,6 1 4 692,4 726,3 2 4,896
5 5 2 0 1038,6 1038,6 1 0
7,5 7,35 1 2 1384,7 14194 1 2,506
10 9,99 1 0,1 1730,9 1661,7 2 3,998
12,5 12,6 1 0.8 6231,3 6231,3 1 0
15 15 2 0 7269,9 7259,9 1 0,138
20 20 2 0 8308,44 8325,7 3 0,208
25 24,2 3 0 9347 9347 3 0
30 30 2 0 10385,5 10731,7 3 3,333
CONCLUSION doi: 10.4018/979-8-3693-11868.ch

This research successfully devel-
oped an loT-based water level monitor-
ing and control system that integrates
ESP32 and HC-SRO04 ultrasonic sensors
to improve water usage efficiency. The
system successfully performs real-time
monitoring through the Blynk application
as well as water pump automation based
on the water level in the reservoir. Test
results show that the system has a high
accuracy of 98.4% with an average re-
sponse time of 1.8 seconds, proving its
reliability and effectiveness in optimising
water usage and reducing the risk of
wastage due to inaccurate manual or con-
ventional systems. Thus, this system can
be an efficient and practical solution for
water management in both domestic and
industrial environments.
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