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Abstract — Floods are one of the most frequent natural disasters in
Indonesia and cause significant human and material losses. Effective flood
disaster management requires an early warning system capable of providing
real-time information to the public and relevant agencies. This study
designs and implements a prototype of an Internet of Things (IoT)-based
flood early detection system using an ESP32 microcontroller as the main
processing unit. An HC-SRO04 ultrasonic sensor is used to continuously
measure water level. Water level data is sent to the ThingSpeak cloud
platform for monitoring and data visualization purposes, as well as
forwarded as warning notifications via Telegram Bot to registered users. In
addition, a buzzer is installed as a local alarm to provide immediate
warnings at the monitoring location. Tests conducted show that the system
is able to detect changes in water level with an average measurement error
of 1.05% and an average notification latency of 2.7 seconds. This system
successfully distinguishes four status levels: safe, alert I, alert II, and
emergency, which can be utilized as an affordable and easy-to-implement
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1. INTRODUCTION

Floods are a natural disaster that repeatedly strikes various regions in Indonesia, particularly during the
rainy season. According to a study [1], global flood management is now shifting from conventional control
approaches to resilience based on real-time monitoring systems. Meanwhile, reference [2] emphasizes that
continuous flood risk monitoring is key to reducing human and material losses due to flooding.

Flood mitigation efforts require a reliable early warning system capable of delivering information
quickly to stakeholders. Conventional early warning systems are limited by high installation costs and
minimal integration with digital platforms that are easily accessible to the public [3]. Reference [4] shows
that ultrasonic sensors are an accurate and affordable solution for measuring water levels in open channels.

The development of Internet of Things (IoT) technology opens up great opportunities to develop more
affordable and easy-to-implement environmental monitoring systems. In the journa [5] it is proven that the
ESP32 combined with the HC-SR04 sensor is able to provide real-time river level monitoring with
sufficient accuracy. Reference [6] also confirms that the HC-SR04 sensor on the NodeMCU-based IoT
platform provides consistent and reliable distance readings.

Several previous studies have explored the use of IoT technology for flood monitoring systems. [7] a
flood detection system was designed using [oT-based ESP32 with a prototype method. [8] a flood water
level measuring device was developed using ESP32 integrated with IoT-based Telegram. However, these
studies still lack the simultaneous integration of long-term cloud data storage, historical visualization, and
a user-friendly notification system.

This study proposes a prototype of an early flood detection system that integrates an HC-SR04 sensor
for water level measurement, an ESP32 microcontroller as the processing unit, the ThingSpeak platform
for cloud data storage and visualization, and a Telegram Bot for notifications. The literature in [9]
demonstrates that combining a Telegram Bot with an IoT cloud platform significantly enhances monitoring
accessibility; therefore, a similar approach is adopted in this study. The integration of these four components
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is expected to provide a comprehensive and efficient solution for IoT-based flood monitoring.

1L RESEARCH METHODS

This study employs an experimental research approach using a prototype-based system design method.
The research stages encompass system requirements identification, hardware design, software design,
system integration, as well as performance testing and evaluation.

A. System Architecture

The developed system consists of three main layers: the hardware layer, the communication layer, and
the application layer. This three-layer architectural approach aligns with the design in [10] for developing
an ESP32-based river water level monitoring system for flood mitigation.

At the hardware layer, the HC-SR04 sensor periodically measures the water surface distance every 2
seconds. This data is then processed by the ESP32 to determine the water level status. At the communication
layer, the ESP32 transmits data to ThingSpeak via the HTTP protocol every 30 seconds and sends
notifications to the Telegram Bot via HTTPS whenever a status change occurs or a hazardous condition is
detected. A review in [11] emphasizes that the selection of the appropriate communication protocol strictly
determines data transmission reliability in loT-based flood monitoring systems.

B. Hardware Components

Table I presents the hardware components used, along with their respective functions and specifications.
Figure 1 shows the overall physical prototype of the assembled system. The selection of the ESP32 as the
primary microcontroller is based on the findings in [12], which confirm the capability of the ESP32 to
simultaneously manage sensors and network connections with efficient power consumption.

TABLEL
Hardware Components of the Flood Early Detection System
No Component Function Spesification
1 ESP32 Devkit vl Primary microcontroller 240 MHz, Wi-Fi & BT
2 HC-SR04 Ultrasonic sensor 2-400 cm, 3 mm
resolution
3 Buzzer Local warning alarm 5V, 2,3 kHz frequency
4 Jumper Wires Electrical current and 15 cm lenght, male to
data signal connector male dan male to female
types
5 BreadBoard Circuit prototyping 400 tie-points,
board dimensions 8.2 x 5.5 cm
6 Resistor Voltage divider 1 kQ
7 ThingSpeak Cloud IoT platform 15-second update
interval
8 Telegram Bot User notification APIHTTP/HTTPS

FIGURE 1.
Prototype of the Early Flood Detection System (ESP32, HC-SR04, Buzzer, and Testing Container

C. Software Design

The system software is developed using the Arduino IDE with the C++ programming language. The
main program running on the ESP32 consists of four primary functions: system initialization, sensor
reading, data transmission to ThingSpeak, and Telegram notification delivery. The overall system workflow
is illustrated in the flowchart in Figure 2.
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FIGURE 2.

Workflow Flowchart of the Early Flood Detection System

D. Determination of Status Thresholds

The system implements four levels of warning status that refer to the standards used by the Regional
Disaster Management Agency (RDMA), namely: (1) Safe Status, if the water level is above 150 cm from
the sensor; (2) Alert I Status, if the water level is within the range of 101-150 cm; (3) Alert IT Status, if the
water level is within the range of 50—100 c¢cm; and (4) Emergency/Flood Status, if the water level is below
50 cm from the sensor, indicating that the water has nearly reached the critical point. Each status change
will trigger an automatic notification via the Telegram Bot to registered users, while simultaneously
activating a buzzer with a distinct sound pattern according to the danger level. The water level data is sent
to ThingSpeak every 15 seconds to adhere to the minimum data update limit of the free ThingSpeak
account. ThingSpeak's capability to receive, store, and visualize sensor data in real-time makes it an
appropriate platform for IoT-based environmental monitoring applications [13].

E. Testing Procedure

System testing is conducted in two stages. The first stage is sensor accuracy testing, which compares the
readings of the HC-SR04 sensor with manual measurements using a ruler as a reference across four different
water level scenarios. The second stage is overall system response testing, which measures the notification
latency from the moment a water level change occurs until the notification is received by the user via
Telegram.

I11. RESULT AND DISCUSSION

A. Sensor Accuracy Testing Result

The accuracy testing of the HC-SR04 sensor was conducted by comparing the distance measured by the
system with the actual distance measured using a ruler across four water level condition scenarios. Table II
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presents the complete results of this testing.

TABLEIL
Sensor Accuracy and System Response Testing Results
Condition Measur(ect:nI))istance Actual Distance (cm) Error (%) System Status
Safe 155,6 156 0,4 Normal
Alert I 149,2 150 0,8 Warning
Alert IT 79,2 80 0,8 Danger
Flood 7.8 10 22 Emergency

Based on the data in Table II, the average measurement error percentage of the HC-SR04 sensor is
1.05%. The highest error value occurs under the emergency condition (2.2%), which is presumably caused
by the imperfect reflection of ultrasonic waves on the turbulent water surface due to simulated flood
conditions. Overall, the accuracy level of the sensor remains within a highly acceptable tolerance limit for
a prototype-scale flood monitoring application.

B. System Response Testing Results

The latency testing for Telegram notifications was conducted over ten trials for each status change
condition. The test results showed an average notification latency of 2.7 seconds, with a minimum value of
2.1 seconds and a maximum value of 4.3 seconds. This latency variation was influenced by the internet
network conditions during the testing.

The ThingSpeak system successfully received and displayed water level data consistently at the
configured 15-second intervals. The historical graphs generated by ThingSpeak can be seen in Figure 7,
which facilitates the trend analysis of water level changes over time, thereby supporting better decision-
making for disaster management agencies.
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FIGURE 3.
Dashboard View ThingSpeak: Water Level Graph

Warning notifications are automatically sent via the Telegram Bot to registered users whenever a change
in the water level status occurs. Figure 8 shows the display of notifications received by users on the
Telegram application for each status condition.
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FIGURE 4.
Telegram Bot Notification Display for Each Warning Status Level

C. Discussion

The test results indicate that the developed flood early warning system prototype functions according to
its design. The integration of the HC-SR04 sensor, ESP32, ThingSpeak, and Telegram Bot produces a
comprehensive system, as it encompasses detection, data storage, visualization, and notification within an
integrated workflow.

The use of the ESP32 proved effective as a processing unit due to its capability to handle Wi-Fi
communication simultaneously with sensor reading processes and program logic execution. Compared to
research [5], which used NodeMCU and only provided data access via a local web server, the proposed
system offers a distinct advantage in terms of data accessibility by utilizing a public cloud platform.

Compared to research [7], which used an ESP32 with a monitoring platform lacking public cloud
integration, the proposed system is superior regarding data accessibility and historical data storage through
ThingSpeak. The use of a Telegram Bot as a notification medium aligns with the findings of [14], who
implemented Telegram in their flood early warning system, and it has proven to deliver low notification
latency and easy access for users at no additional cost.

Nevertheless, this system still has several limitations. The dependency on an internet connection makes
the system vulnerable to network service disruptions. Furthermore, the use of a free ThingSpeak account
limits the data update frequency to a minimum of once every 15 seconds, which could pose a constraint
during rapid changes in water levels. For future development, it is recommended to add local data storage
as a backup and to utilize a more reliable network connection, such as a cellular network with a GSM/4G
module, as recommended in the comprehensive review of loT-based early warning systems [15] [16].

IVA CONCLUSION

This research successfully designed and implemented an IoT-based flood early warning system
prototype using the ESP32, HC-SR04 sensor, ThingSpeak, and Telegram Bot. Based on the test results, the
system is capable of measuring water levels with an average error of 1.05% and sending warning
notifications to users with an average latency of 2.7 seconds. The system also successfully differentiates
between four danger status levels automatically and delivers appropriate notifications according to the
detected conditions.

The integration of ThingSpeak as a cloud data storage and visualization platform with the Telegram Bot
as a notification medium is proven to produce a comprehensive, easily accessible system that can be
implemented at a relatively low cost. This prototype has the potential for further development by adding
supporting sensors, a backup GSM-based communication module, and water level prediction algorithms
using machine learning techniques to enhance the system's early warning capabilities.
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