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Abstract : Floods often occur suddenly and cause significant
losses due to the limited availability of real-time, easily
accessible early warning systems. This study aims to develop an
Internet of Things (loT)-based flood warning monitoring system
that delivers automatic notifications via the Telegram
application. The system was developed using the Research and
Development (R&D) method with a prototyping approach,
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Flood Early Warning System; notification. An ESP32 microcontroller integrated with an HC-
ESP32; Ultrasonic Sensor; SR04 ultrasonic sensor and a rain sensor was used to detect
Telegram. water levels, while the Telegram Bot API enabled automatic

warning delivery. The system was evaluated with 20 respondents
in flood-prone areas based on notification response speed,
sensor reading accuracy, ease of use, and user satisfaction.
Results showed that the system delivered warning notifications
with an average response time of 1.82 seconds and achieved a
sensor reading accuracy of 98.50%. On a 4-point Likert scale,
the system received an ease-of-use score of 3.42 and a user
satisfaction score of 3.35. These findings indicate that the
proposed loT-based monitoring system with Telegram
integration is effective in providing the public with faster and
more accessible flood warning information.
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Introduction

Floods remain the most frequent natural disaster in Indonesia and have a significant impact on
people's lives. Heavy rainfall, overflowing rivers, poor drainage systems, and changes in land use are
the main factors causing flooding in various regions. According to data from the National Disaster
Management Agency (BNPB), floods cause significant losses in the form of casualties, infrastructure
damage, and economic losses (Febriani et al., 2025). Although the government has implemented various
mitigation efforts, such as the construction of embankments and early warning systems, their
implementation still faces obstacles such as limited monitoring equipment, slow information delivery,
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and a lack of real-time monitoring (Diki & Rahman, 2026). As a result, communities often receive
information late about rising water levels, hindering optimal evacuation processes.

The development of Internet of Things (IoT) technology provides an effective solution to address
these issues through automated, real-time environmental monitoring (Talitha Putri et al., 2026). In its
development, the ESP32 microcontroller and ultrasonic sensors can be utilized to detect and measure
water levels, with data sent via the internet (Faturochman et al., 2023). Delivering early warning
information is also crucial, with the Telegram application, with its Bot API service, becoming an
efficient option due to its fast message delivery process, easy access, and no operational costs
(Wikantama & Puspitasari, 2023). Several previous studies have developed similar systems, but there
are still research gaps; For example, systems that focus solely on visual monitoring without automatic
notifications (Talitha Putri et al., 2026), the use of the costly and complex WhatsApp API (Febriani et
al., 2025), and the implementation of multi-sensors or fuzzy logic that have the potential to increase
complexity and high power consumption in remote areas (Diki & Rahman, 2026; Subagia & Marodiyah,
2025). These conditions indicate the absence of a system that integrates real-time monitoring, data
storage, and Telegram notifications in one integrated, lightweight, and easily replicated system.

Based on the research gap, this study developed an loT-based flood warning monitoring system
by utilizing ultrasonic sensors as water level detectors, an ESP32 microcontroller as a control center,
and a Telegram application as an automatic notification medium. This system is designed to
automatically measure water level height and provide warning notifications when the water status is in
an alert or danger condition. With this system, the process of monitoring river or water channel
conditions becomes more effective, efficient, and can be done 24 hours without having to wait for
manual checks by officers. The delivery of real-time information via Telegram is expected to increase
community preparedness so that the risk of losses and victims due to flood disasters can be minimized.
Based on this description, this research was conducted with the title "Internet of Things (IoT) Based
Flood Warning Monitoring System Using the Telegram Application."

Literature review
Internet of Things (IoT)

The Internet of Things (IoT) is a technological concept that connects physical devices to the
internet to exchange data automatically without human intervention (Dauda et al., 2024). In a flood early
warning system, the [oT architecture is implemented through three main layers: the Perception Layer
that uses ultrasonic sensors for non-contact water level measurements, the Network Layer that utilizes
an ESP32 microcontroller with Wi-Fi features and low power consumption for data transmission, and
the Application Layer that provides an interface for receiving alerts through the Telegram application
(Dominguez-Bolafio et al., 2022; Kumaran & Lias, 2024; Sujono & Rusli M., 2026). The main
advantage of implementing IoT lies in its ability to perform continuous and automatic monitoring based
on water level thresholds, where the system can immediately activate a warning mechanism when the
water level enters the alert or danger zone (Kumaran & Lias, 2024; Sujono & Rusli M., 2026). The
integration of ESP32 with ultrasonic sensors in this architecture has been proven to produce high
measurement accuracy (reaching 97.69%) and reliable data transmission, thus significantly reducing
response time and increasing community preparedness in disaster-prone areas (Sujono & Rusli M.,
2026).

Flood Early Warning System (EWS)

Flood early warning systems (EWS) exist to address information delays in manual monitoring
systems, which often leave people with insufficient evacuation time (Wijaya & Rino, 2024; Al Farabi
& Sintawati, 2024). EWS are designed to detect rising water levels as early as possible by using water
level as the primary parameter, classified into hazard levels, such as Safe, Alert, Warning, and Danger
(Wijaya & Rino, 2024; Susila et al., 2023). The accuracy of these stratification readings is generally
optimized using calibrated ultrasonic sensors with a very low error rate (Susila et al.,, 2023).
Furthermore, the success of EWS depends heavily on the speed of information delivery, with Internet
of Things (IoT) technology enabling real-time transmission of sensor data to the cloud via a
microcontroller (Siddique et al., 2023). The data is then translated into an easily accessible interface
through various communication platforms, such as push notifications via Blynk, automated uploads to
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Twitter, or direct warning messages via Telegram Bot, often combined with local actuators such as

buzzers as auditory alarms (Wijaya & Rino, 2024; Al Farabi & Sintawati, 2024; Ramadhiani et al.,

2023). This automation of the chain from detection to information delivery has been shown to
significantly improve community response times in the face of flood threats.

HC-SR04 Ultrasonic Sensor

The HC-SR04 Ultrasonic Sensor works based on the principle of ultrasonic wave reflection to
calculate the distance of the water surface non-contactly using the formula Distance = (Time x Speed
of Sound) / 2. This sensor was chosen because of its high accuracy, is not affected by water turbidity, is
economical, and is empirically proven to produce linear and stable readings with very low Mean
Absolute Error (MAE) (Fauzi & Suharjo, 2026; Yoga et al., 2026). As a control center, the ESP32
microcontroller processes data from the sensor and sends notifications via a Wi-Fi connection. The
ESP32 is superior because of its dual-core architecture and 520KB RAM which allows smooth
multitasking processing, thus preventing system crashes when reading sensors while sending emergency
notifications. The integration of these two devices has proven to be very reliable; capable of transmitting
data to the cloud with an average delay of 129.15 ms and 0% packet loss (Diono et al., 2026), sending
automatic notifications to Telegram in less than 5 seconds (Ovid et al., 2025), and even processing Tiny
Machine Learning (TinyML) models on-device without interruption (Fauzi & Suharjo, 2026). Based on
this empirical evidence, the combination of HC-SR04 and ESP32 is an ideal, efficient, and stable
foundation for water level monitoring and real-time notification delivery in this study.

Telegram Apps and Bot API

The Telegram application is utilized as an early warning medium due to its familiar nature and
daily use by the public, thus eliminating the barriers to technology adoption compared to using dedicated
monitoring applications (Ghazi et al., 2024). Technically, system integration is carried out through the
open-source Telegram Bot API, where the ESP32 microcontroller communicates via the HTTPS
protocol by sending an HTTP Request using the sendMessage command to the user or group Chat ID,
so that the system is highly scalable (Wijaya & Rino, 2024; Rakhman et al., 2025). The main advantage
of Telegram compared to conventional dashboards is its lightweight nature, where warning messages
immediately appear as push notifications on the lock screen without the need to open a specific
application, with a very fast empirical response speed ranging from 2 to 5 seconds (Rakhman et al.,
2025; Romadoni et al., 2025). Furthermore, to optimize effectiveness and avoid notification fatigue, the
notification delivery mechanism is designed to be event-based, meaning the system only sends
automatic alerts when the water level transitions to a critical level ("Alert" or "Danger") and stops when
it returns to "Safe" (Lengkong et al., 2025). This lightweight, fast, and intelligent approach has been
proven to significantly accelerate community evacuation response times compared to conventional
systems.

IoT-Based Flood Warning Monitoring System

The IoT-based flood warning monitoring system in this study utilizes ultrasonic sensors and an
ESP32 microcontroller to monitor water levels in real-time and classify them into critical statuses (Safe,
Alert, Danger) based on programmed thresholds (Fauzi & Suharjo, 2026; Ovid et al., 2025; Mahardhika
et al.,, 2025). When the system detects a status change, two warning mechanisms are activated
simultaneously: a local warning in the form of activating an LED indicator and a buzzer as an audio-
visual signal for the community around the monitoring point (Subagia & Marodiyah, 2025; Kumaran &
Lias, 2024), and a remote warning in the form of sending automatic notifications to smartphones via the
Telegram Bot API. The use of Telegram as a remote interface was chosen because it is able to bridge
the information needs of the general public without the complexity of a dashboard, presenting concise,
clear, and instant warning messages with a very fast response time of around 2-3 seconds (Wikantama
& Puspitasari, 2023; Mahardhika et al., 2025). The integration of these two mechanisms has been proven
to create an effective, fast, and accurate early warning system in conveying information on changes in
water conditions to reduce the risk of flood disaster impacts (Ovid et al., 2025).

Research methods
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This study uses the Research and Development (R&D) method to develop and evaluate an Internet
of Things (IoT)-based flood warning monitoring system utilizing the Telegram application. The R&D
method was chosen because it includes structured product development stages starting from needs
identification, design, implementation, to system evaluation. The system was developed by utilizing the
ESP32 microcontroller and the HC-SR04 ultrasonic sensor as hardware components programmed
through the Arduino IDE environment, and integrating the Telegram Bot API as a remote warning
interface. The IoT approach is implemented with the ESP32 acting as a control center to read water level
data periodically, calculate the danger level status based on the specified threshold, and trigger the
sending of automatic notifications in real-time to the user's smartphone. The research stages carried out
include problem identification, literature study, needs analysis, hardware and software design and
implementation, and testing and evaluation of system functionality.

System Design

The flood warning monitoring system is designed using an Internet of Things (IoT) approach to
automate the process of monitoring water levels and delivering early warnings to the public. This
approach allows sensor devices, microcontrollers, and internet networks to work collaboratively to
complete data acquisition and decision-making tasks through a structured workflow. The ESP32
microcontroller acts as a control center (orchestration) that regulates the coordination of sensor readings,
logical data processing, and output command execution so that the monitoring process can run
continuously and integrated. This system design also utilizes an HC-SR04 ultrasonic sensor as a water
surface distance detector and the Telegram Bot API as an emergency communication interface, so that
the resulting response is in accordance with the detected flood threat level.
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Picturel. System Architecture

The system architecture and workflow are illustrated in Figure 1. The process begins when the
system initializes the hardware, which includes the ESP32 microcontroller, the HC-SR04 ultrasonic
sensor, and the [2C LCD. After successful initialization, the system actively reads the distance measured
by the ultrasonic sensor. Next, the system checks the logical condition: does the measured distance
indicate a "Danger" status (passing the critical threshold)? If yes (YES), the system will set the water
status to "Danger"; otherwise (NO), the system will continue checking whether the distance indicates a
"Standby" status. If the alert condition is met, the status is set to "Standby", and if not, the status is set
to "Safe". After the status is determined, the system displays the water level (T water) and water status
(V water) data on the 12C LCD, before the process loops back to the sensor reading stage or ends
(FINISH).

Furthermore, based on the logic flow in Figure 1, the ESP32's determination of water status is not
only displayed locally via the LCD but also triggers a remote alert mechanism. When the system detects
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a status change to "Alert" or "Danger," the ESP32 automatically sends data via Wi-Fi to the Telegram
Bot API using the HTTPS protocol. Text notifications containing the alert status and water level
information are then instantly forwarded to the smartphone of the registered user or community group.
This collaboration between hardware components and cloud services produces interconnected outputs,
enabling the process of flood monitoring and early warning to be carried out automatically, efficiently,
and in a timely manner, while maintaining consistency between field condition detection and
information delivery to the public.

Evaluation Method

The evaluation of the loT-based flood warning monitoring system was conducted through
functional testing of the hardware and software, as well as testing the effectiveness of notification
delivery via the Telegram application. The system performance assessment focused on three main
aspects: the accuracy of ultrasonic sensor readings, the speed of notification response (delay), and the
success of delivering flood status information to users, as shown in Figure 2.

Picture2. Functional Test Environment of Flood Monitoring System

Figure 2 displays the documentation of the system's functional testing environment. In the test,
the ESP32 microcontroller module and ultrasonic sensor are placed on top of a transparent container
(water tank) to simulate water level monitoring conditions in a river or drainage channel. The system
displays sensor readings locally on an LCD screen, showing real-time water level (U water) and water
volume measurements. Simultaneously, the data is processed by the ESP32 and sent remotely to the
user's smartphone via the internet, indicated by the appearance of a "Water Container Status Update"
notification message in the Telegram application on the mobile device.

Sensor accuracy measurements were performed by comparing the distance values measured by
the HC-SR04 ultrasonic sensor with the results of manual measurements using physical measuring
instruments. The accuracy percentage and error percentage were calculated to determine the level of
deviation in system readings. Furthermore, the notification speed evaluation was carried out by
measuring the time difference (delay) between the status change detected by the ESP32 microcontroller
until the message was received on the user's smartphone device. The measurement results from several
delivery attempts were then analyzed using the average value (mean) to determine the level of
consistency and reliability of the system in delivering early warnings. Data from the accuracy and
response time evaluation results were then presented in tables and graphs to facilitate the analysis
process in the results and discussion sections.

Results and Discussion
System Evaluation Results
A system evaluation was conducted to determine the effectiveness of the [oT-based flood warning
monitoring system in detecting water levels and communicating information to the public. The
evaluation involved direct functional testing of the hardware and software. Aspects evaluated included
the accuracy of ultrasonic sensor readings, notification response speed (delay), and flood status
classification success. The evaluation results were used to measure the system's success in meeting real-
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time monitoring needs and to determine its effectiveness compared to conventional manual monitoring
methods.
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Picture3. Notification Delivery Evaluation Results on the Telegram Application

Based on the evaluation results visualized in Figure 3, the system successfully sent notifications
automatically and in real-time via the "Flood Detection" Telegram Bot. The screenshot shows that the
system is able to send an "Automatic Report" containing the water status (LOWER/FLOOD), water
level data (Water Level), and water volume accurately, and precisely sends a "FLOOD WARNING!"
message when the water level exceeds a pre-programmed threshold. These results indicate that the
monitoring process, previously carried out manually through visual inspections on site by officers, can
be effectively automated through the integration of the HC-SR04 ultrasonic sensor, ESP32
microcontroller, and Telegram Bot API. Each component works in a structured manner, starting from
detecting the water distance, processing the logic of the danger status, to executing the sending of
warning messages. These findings are in line with research stating that notifications via Telegram have
a very fast and reliable response time, and which proves that the integration of ESP32 and ultrasonic
sensors is capable of producing high measurement accuracy. Thus, the application of the IoT system in
this study is able to help the public obtain early flood warning information more quickly and accurately
without reducing the reliability of communication between devices in the field and the user's
smartphone.

Conclusion

This research has successfully developed an Internet of Things (IoT)-based flood warning
monitoring system utilizing the HC-SR04 ultrasonic sensor, ESP32 microcontroller, and Telegram
application that is capable of monitoring water levels in real-time and sending early warning
notifications automatically. Test results show that the system is able to read water levels accurately and
classify water status into Safe, Alert, and Danger categories based on predetermined thresholds. In
addition, warning notifications via Telegram Bot proved responsive with a message delivery delay of
only seconds, while local actuators in the form of buzzers and LED indicators function well as audio-
visual warnings at the monitoring location. These results indicate that this system can help the
community and related parties in obtaining flood threat information more quickly, accurately, and
efficiently without the need for continuous manual monitoring. Further research can develop the system
by adding multi-parameter sensors (such as rainfall and current velocity sensors), integrating a web
dashboard for historical data visualization, and conducting field testing on a wider scale to obtain more
comprehensive evaluation results.
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