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ABSTRACT

Water reservoir management in company facilities requires water level monitoring that can
provide fast information and help prevent empty or overflow conditions. This study designs and
simulates an Internet of Things (IoT)-based water reservoir monitoring and filling system using
NodeMCU ESP32, HC-SR04 ultrasonic sensor, LCD, LED, buzzer, relay, and Blynk. Different
from studies that report the implementation of physical devices, this study is limited to Wokwi
simulations so that the results cannot be considered as field validation. The experimental design
uses five reference distance points, namely 200, 150, 100, 50, and 2 cm, with 200 cm as the empty
reference condition and 2 cm as the full reference condition. Evaluation is carried out using
absolute difference, mean absolute error (MAE), root mean square error (RMSE), and mean
absolute percentage error (MAPE), as well as Black Box functional testing of connections, sensor
readings, indicators, pump control, and data transmission to Blynk. The simulation results show
an MAE of 0.056 cm, an RMSE of 0.066 cm, and a MAPE of 0.337%. The system also
demonstrates monitoring and control functions according to the simulation scenario. The
contribution of this research is not in the novelty of the components, but rather in the integration
of the monitoring-control flow tailored to the company's reservoir monitoring needs, the
definition of measurement reference points, and quantitative evaluation during the simulation
stage. Subsequent validation needs to be carried out using a physical prototype, repeated
measurements, latency testing, packet loss, and operational resilience.
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1. INTRODUCTION

Water tanks are used to support various company facility needs, such as sanitation, toilets,
watering, and other utility needs. When water levels are not monitored continuously, empty or
overflowing conditions can be detected late. Manual monitoring also relies on human inspection,
potentially causing information delays and reading errors. [oT provides an approach to connecting
sensors, microcontrollers, networks, and monitoring applications so that data can be monitored
remotely and the filling process can be controlled automatically [1]-[5]. ESP32 is suitable for this
scenario because it provides Wi-Fi connectivity and peripheral interfaces that support IoT
applications [6], while Blynk provides a dashboard for remote device monitoring and control [7].

However, the use of ESP32, ultrasonic sensors, and [oT platforms for water monitoring
is not a new approach. Previous studies have demonstrated the implementation of automatic
monitoring and filling using ESP32/ESP8266, ultrasonic sensors, LCDs, LEDs, buzzers, relays,
and IoT platforms. While more recent research has shown that field validation can include metrics
such as measurement error, latency, and packet loss [8]. Thus, the research gap in this study is
not the absence of similar systems, but the need for a design that explicitly maps the operational
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needs of the company's reservoirs into the sensor-control-monitoring flow, while documenting
the limits of simulation implementation and quantitatively evaluating measurement accuracy.

Based on this gap, this study aims to design and simulate a tank level monitoring and
filling system using ESP32, HC-SR04, relay, local indicator, and Blynk. The research novelty is
stated in limited terms as an engineering and methodological contribution, namely: (1) integration
of local and remote monitoring with filling control in one system flow; (2) determination of 200
cm and 2 cm reference points for mapping empty-full conditions; (3) quantitative evaluation using
MAE, RMSE, and MAPE on simulation data; and (4) Black Box functional testing. This study
does not claim novelty in the use of ESP32, HC-SR04, or Blynk individually.

2. LITERATURE REVIEW

Research on monitoring the height and filling of reservoirs based on the Internet of Things
(IoT) has been widely developed with various combinations of microcontrollers, sensors,
monitoring platforms, and actuators. Ma'ruf et al. [1] and Eriyanto et al. [2] developed an IoT-
based automatic water monitoring and filling system, while Ramiz et al. [3] implemented
reservoir water level monitoring using the Blynk application. Wijoseno et al. [4] developed an
ESP32-based automatic water filling system with MQTT, WhatsApp notifications, and data
logging, while Azhar et al. [5] used ESP8266 for capacity monitoring and automatic water filling.
The use of ESP32 for reservoir monitoring has also been implemented by Fernandes et al. [6],
while Estu et al. [7] and Diono et al. [8] demonstrated the application of ESP32 and ultrasonic
sensors for water level monitoring.

In terms of development methods, Khairullah et al. [9] applied the Waterfall method with
systematic and sequential stages. ESP32 has also been used for [oT-based monitoring and control
systems in the research of Basir et al. [10]. Meanwhile, Jaya et al. [11] and Aziz et al. [12]
demonstrated the use of ultrasonic sensors for measuring the height or distance of water surfaces.
Alamsyah et al. [13] developed a real-time IoT-based water level monitoring system, while
Faturochman et al. [14] used ultrasonic sensors in an early warning system for water conditions.
The use of actuators for automatic control was also demonstrated by Sinaga et al. [15], while
Blynk has been implemented as an IoT-based monitoring medium in the research of Syamsul et
al. [16].

Based on previous research [1]-[16], the use of ESP32, HC-SR04, and Blynk is not new
at the component level because it has been widely used in water monitoring and IoT systems. The
research gap in this study lies in the integration of local monitoring, remote monitoring, and filling
control in one system flow that is tailored to the needs of the company's reservoir. This study also
sets the reference points for empty and full conditions at 200 cm and 2 cm and conducts
quantitative evaluations using MAE, RMSE, and MAPE at the Wokwi simulation stage. Thus,
the contribution of this research is more directed at system integration, determination of
measurement references, and quantitative evaluation, rather than on the novelty of using
individual components.

3. METHODOLOGY
3.1 Research Design and Scope

The study used a simulation-based experimental design to evaluate the relationship
between the sensor's reference distance and the system's read distance, while also examining the
control and IoT communication functions. Wokwi was used as a hardware simulation
environment so that the ESP32, HC-SR04, LCD, LED, buzzer, and relay could be tested without
a physical prototype. Because there were no direct measurements on a real reservoir, this study
does not claim field validation or device reliability under real-world conditions.
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3.2 Data collection

System requirements data was obtained through interviews with the building engineering
team to understand the monitoring requirements for the reservoir and filling flow. Experimental
data was derived from the distance values set in the Wokwi simulation and the values
received/displayed by the system. The five measurement points available in the initial study were
retained to avoid adding data to experiments that were not actually conducted.

3.3 System Development Methods

The Waterfall model is used as an engineering development framework, not as the sole
scientific method. Its stages include requirements analysis, design, simulation implementation,
testing, and maintenance [9]. Research validity is strengthened through experimental design,
calibration procedures, error metrics, and Black Box functional testing. With this separation,
Waterfall explains how the system is built, while experimental design explains how the system's
performance is evaluated.
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Figure 1. Waterfall Model Stages

3.4 System Development Methods

The system components consist of ESP32 as a network processor and connector, HC-
SR04 as a proximity sensor, LCD as a local display, LED and buzzer as indicators, relay as a load
controller, and Blynk as a monitoring medium. ESP32 is used because it supports Wi-Fi
connectivity for loT applications, while Blynk is used as a monitoring and control platform for
devices through a dashboard. In the simulation, a yellow LED is used as a visual representation
of the solenoid valve state; this component should not be interpreted as a physical solenoid valve
that has been tested.

Table 1. Components and Functions

Component Function

NodeMCU ESP32 Processes sensor readings and provides Wi-Fi connectivity [10].
HC-SR04 Measuring the distance of the sensor to the water surface [11].
LCD Displays water status locally [12].

LED System condition indicator [13].

Buzzer Voice warning on specified conditions [14].

Relay Controlling the pump based on system logic [15].

Blynk Monitoring and control via IoT dashboard [16].
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3.5 Calibration Procedure System Development Method and Operational Limits

Calibration in the simulation phase was performed by setting two reference points:
D_empty =200 cm as the sensor distance to the water surface when empty and D_full =2 cm as
the full condition. The water level percentage was calculated using the equation: Level(%) =
((D_empty — D_measured)/(D_empty — D_full)) x 100%. Thus, 200 cm was mapped to 0% and
2 cm to 100%. The values of 150, 100, and 50 cm were used as accuracy test points, not as proof
that the system has three classes Low—Normal-High. Based on the actual available data, the
validated limits are the empty reference conditions at 200 cm and full at 2 cm; the normal
condition thresholds need to be established through additional testing on a physical prototype
before use in the field. The distance measurement characteristics of the HC-SR04 have also been
discussed in previous research. In actual implementation, the sensor distance should be calibrated
against the actual tank dimensions. For distance-based systems, the water level value is not the
same as the sensor's distance from the water surface; the smaller the measured distance, the higher
the water level. Therefore, calibration must use the effective tank height and sensor installation
location, not just simulated values.

3.6 Evaluation Metrics
Evaluation of measurement accuracy was performed using four metrics:

1. Absolute Error
Ci = |Xi - Y1|
2. Mean Absolute Error (MAE)
MAE = MAE = (l/n) Xt |Xi - y1|
With test data:
MAE = (0.08 + 0.08 + 0.09 + 0.00 + 0.03) / 5
MAE =0.056 cm

3. Root Mean Square Error (RMSE)

RMSE = V[(1/n) Zii® (xi — yi)?]
Test data substitution:

RMSE = V[((0.08) + (0.08)% + (0.09) + (0.00) + (0.03)?) / 5]
RMSE = 0.066 cm

4. Mean Absolute Percentage Error (MAPE)
MAPE = (100%/n) Zi-1™ |(xi — yi) / Xi
Data substitution:

MAPE = (100%/5) [(0.08/200) + (0.08/150) + (0.09/100) + (0.00/50) + (0.03/2)]
MAPE = 0.337%

Description: x; = reference value; y; = reading result value; n = number of observations.
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3.7 Black Box Testing

Black box testing examines a system's output based on given inputs or conditions without
assessing the program's internal structure. A PASS result in the following table means the function
appears to be working according to the scenario in the Wokwi simulation; this status is not
evidence of physical device performance.

Table 2. Black Box Testing

No. Test Scenario Input/Condition Expected Output Results
I | Booting ESP32 | The systemis turnedon |  Loro2 performs PASS
initialization
2 Wi-Fi Network available ESP32 connected and PASS
Connection continued the process
Emptv/Low Green LED/yellow
3 pg. p Distance 200 cm indicator on, pump PASS
condition ON, Low Water LCD
Full/High . Red LED on, pump
4 condition Distance 2 cm OFF, LCD Water Full PASS
Distance and
5 Blynk Sensor data sent percentage values are PASS
Monitoring displayed on the
dashboard.
Warning conditions
6 Buzzer according to the Buzzer follows PASS
program logic
program
The relay changes
7 Relay Low/High Condition according to the pump PASS
logic.

4. RESULTS AND DISCUSSION
4.1 System Flowchart

‘Apakah Internet Terhubungz?

Baca Sensor Water Level

Kirim Data Ke Blynk

Sensor Water Level
~High®

Sensor Water Level
"Low"

Led Merah dan Buzzer
Menyala Relay "OFF"
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Figure 2. System Monitoring Flowchart

Led Hijau dan Kuning
Menyala Relay "ON"

Yunita Wulansari et al. 2026




iciT_
—= ICIT Journal (Innovative Creative and Information Technology) | Print ISSN: 2356-5195 |

Online ISSN: 2654-8704 | Vol. xx No. x, August 2026 | DOI Prefix:
https://doi.org/10.33050/icit.v12i2.4474
|

The system begins by initializing the ESP32 and supporting components, then attempting
to connect to Wi-Fi. Once a connection is established, the sensor reads the water level and sends
the data to Blynk. At 200 cm, the system treats the reservoir as empty/Low and activates the fill
control. At 2 cm, the system treats the reservoir as full/High and stops the pump. In a real-world
implementation, this cycle must repeat itself at the specified reading interval.

4.2 System Design
< SOl O O

Monitoring Water Reservoir

KETINGGIAN AIR

i‘

‘

Figure 3. Initial conditions of the simulation: Figure 4. Blynk view in initial/low
ESP32 boots and the LCD displays the connection level condition
status.

Figure 3 shows the initial state when the ESP32 boots and attempts to establish a
connection. The yellow LED in the simulation serves as a visual indicator to represent the
solenoid valve state, not as a physical solenoid valve. Therefore, referring to the yellow LED as
a “solenoid valve” needs to be clearly distinguished: the LED only represents the actuator status
on the Wokwi, whereas in a real device the LED can be replaced by a series of relays and a
corresponding solenoid valve. Figure 4 shows the Blynk dashboard before monitoring data is

received normally.

Editing Ultrasonic Distance Sensor <~ Y KAy kol

I 200cm

Distance: Monitoring Water Reservoir

KETINGGIAN AIR

. . . . .. Figure 6. Blynk Dashboard at
Figure 5. Simulation of distance conditions of 200 19992 cm and 0% level

In Figure 5, a reference distance of 200 cm is used to represent the empty/Low condition.
The system activates a local indicator and relay to activate the filling process according to the
program logic. The Blynk reading of 199.92 cm results in an absolute difference of 0.08 cm from
the reference value. The 0% level percentage is the result of mapping the 200 cm and 2 cm
reference points, not a direct measurement of water volume.
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Figure 7. Simulation of 2 cm distance condition (full
reference/100%)

Figure 8. Blynk Dashboard at 1.97 cm
distance and 100% level

In Figure 7, 2 cm is used as the full reference condition. The system turns off the
relay/pump and activates the full condition indicator as programmed. Blynk receives a reading of
1.97 cm, resulting in an absolute difference of 0.03 cm. A value of 100% indicates that the reading
is at the full reference point established in the simulation.

Table 3. Simulation Accuracy Test Results

No Reference Reading Absolute Error Mapped
" | (cm) (cm) Error (cm) (%) Level (%)

1 200.00 199.92 0.08 0.040 0.04

2 150.00 149.92 0.08 0.053 25.29

3 100.00 99.91 0.09 0.090 50.55

4 50.00 50.00 0.00 0.000 75.76

5 2.00 1.97 0.03 1,500 100.02

Five test points yielded absolute errors of 0.08; 0.08; 0.09; 0.00; and 0.03 cm. These data
yielded MAE of 0.056 cm, RMSE of 0.066 cm, and MAPE of 0.337%. The largest percentage
error occurred at the 2 cm point, which was 1.50%, because the denominator of the MAPE was
relatively small. This value indicates that the simulation readings were very close to the reference
value. However, these results should not be directly generalized as the accuracy of the HC-SR04
in the field because Wokwi does not represent all environmental factors, such as humidity,
condensation, sensor position, water surface turbulence, reservoir shape, and reflection
interference.

Table 3 also shows that five measurement points are not sufficient to conclude statistical
stability. Repeating measurements at each point, for example 10-30 times per level, would allow
for analysis of standard deviations, confidence intervals, error distributions, and repeatability.
Because such repeat data were not collected in the original study, this revision does not add
unavailable experimental numbers.

4.3 Discussion and Comparison with Previous Research

Simulation results show that the ESP32-HC-SR04-Blynk architecture can perform the
basic monitoring and control functions as reported in various previous studies. Therefore, the
main value of the system is not in the selection of new components, but rather in mapping the
operational requirements of the reservoir into a single flow: the sensor reads the distance, the
ESP32 processes and transmits the data, Blynk provides remote monitoring, and the relay
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represents the pump control. The use of LCD, LED, and buzzer provides local feedback to
complement the monitoring via the network.

Compared to studies that only present monitoring, this design incorporates a charging
control path. Compared to studies that have used a combination of ESP32, ultrasonic sensors, and
IoT platforms, this study's contribution is more precisely positioned in documenting the
company's reservoir requirements, defining empty-full reference points, and evaluating errors
during the simulation phase. Other research has shown that similar systems can be evaluated using
more comprehensive metrics, including measurement error, latency, and packet loss. Therefore,
the results of this study serve as a baseline for simulation, while field validation will need to
demonstrate whether these performance levels remain achievable on physical devices.

Another significant limitation is the use of the HC-SR04 and simulation components to
represent the reservoir environment. In a real-world application, sensors must be placed with
humidity and potential condensation in mind. Furthermore, the system needs a fail-safe
mechanism to prevent sensor or network failures from causing the pump to run continuously.
Blynk itself provides device monitoring and control capabilities from the dashboard, but
communication quality still depends on the network and device configuration.

4.4 Research Limitations and Further Validation Plans

e  Current research implementation is limited to Wokwi simulations; no physical prototype
has yet been installed in the company's reservoirs.

e The accuracy data only consists of five measurement points and does not have 10-30
repetitions at each point.

e End-to-end latency measurements from the sensor to Blynk, packet loss, uptime, and
reliability in long-term operation have not been performed.

e (Calibration has not been carried out on the height and shape of the actual tank, water
surface conditions, humidity, and sensor installation position.

e The yellow LED on the Wokwi is only a visual representation of the solenoid valve state;
physical actuator testing has not been performed.

e The Low/High thresholds validated in this study only cover the 200 cm and 2 cm
reference points. Normal and hysteresis thresholds to prevent frequent relay ON/OFFs
need to be tested on a prototype.

For further research, the physical prototype should be tested at multiple water levels with
a minimum of 10 repetitions per point, compared to manual reference measurements, and then
calculated MAE, RMSE, MAPE, standard deviation, and confidence intervals. Communication
testing should record timestamps of sensor readings and reception on a dashboard to obtain
latency, as well as calculate packet loss and uptime. Endurance testing over several hours or days
is also needed to assess the reliability of the sensors, ESP32, relays, and IoT connections.

5. CONCLUSION

This research successfully designed and simulated an IoT-based tank level monitoring
and filling system using ESP32, HC-SR04, local indicators, relays, and Blynk. Five test points at
Wokwi produced MAE of 0.056 cm, RMSE of 0.066 cm, and MAPE of 0.337%, while Black
Box testing showed the main functions of the system ran according to the simulation scenario.
This research does not claim novelty in the use of ESP32, HC-SR04, or Blynk because the
combination has been widely used. The research contribution is more appropriately placed on the
integration of monitoring and control tailored to the needs of the company's tank, the
determination of empty-full reference points, and quantitative evaluation at the simulation stage.

The main limitations are the lack of a physical prototype, repeatable measurements,
latency and packet loss analysis, and long-term reliability testing. Therefore, simulation results
should be viewed as initial evidence of functional feasibility, not field validation. Further
development will require implementing the physical device in a real reservoir, performing
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dimension-based calibration, adding hysteresis and fail-safe mechanisms, and conducting
repeated statistical and communication testing.
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