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Abstract

This research paper introduces an innovative prototype system that utilizes 10T technologies for monitoring floodwater levels.
The integration of an ultrasonic sensor, ESP8266 microcontroller, Arduino IDE, and the ThingSpeak platform aims to establish
a robust flood monitoring solution. The paper provides a thorough exploration of the system's background, the problem it
addresses, the methodology employed, and the obtained results, along with insights into future research directions. The study
meticulously outlines the design, implementation, and programming code for data collection and transmission within the
system. Through extensive field testing and meticulous data analysis, the paper evaluates the accuracy and effectiveness of the
proposed flood monitoring solution. Notably, the research underscores the advantages of 10T, emphasizing real-time data
collection, logging, and analysis as essential components for efficient flood management. In addition, the paper elucidates
step-by-step instructions for configuring Telegram notifications through the ThingSpeak React app, enhancing the practical
applicability of the developed system. The research effectively highlights the potential of 10T in flood monitoring, showcasing
its superior accuracy and effectiveness compared to traditional methods. By demonstrating the feasibility and advantages of
10T in the context of flood monitoring, this study contributes valuable insights, enriching existing knowledge and paving the
way for future advancements in the field. The research encourages continued exploration of advanced techniques to strengthen
flood monitoring and management strategies. Ultimately, this work presents a comprehensive loT-based prototype for
floodwater monitoring, offering invaluable insights and fostering the promising role of IoT technologies in this critical domain.
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1. Introduction ensuring the safety and well-being of the community

BPBD Kota Medan is an abbreviation for the Medan
City Regional Disaster Management Agency [1]. Itisa
local government institution that coordinates, regulates,
and implements disaster management activities in the
Medan City area. The agency's primary goal is to
minimize the risk and loss resulting from natural and
non-natural disasters and assist and protect affected
communities. BPBD Kota Medan collaborates with
various stakeholders to strengthen disaster management
efforts in the city [2]. The agency's critical role in
disaster response and management includes providing
timely and effective emergency services, conducting
risk assessments, and developing disaster preparedness
plans [3]. BPBD Kota Medan is an essential component
of the disaster management system in Medan City,

during times of crisis [4].

BPBD Kota Medan plays a crucial role in managing
disasters and reducing their impact on the community.
The agency is responsible for wvarious functions,
including disaster planning, prevention, coordination,
emergency response, and recovery efforts [5]. This
paper aims to elaborate on the main functions of BPBD
Kota Medan and how they contribute to disaster
management in the city.

An Early Warning System (EWS) is a system that
provides advance notice of potential disasters in a given
region [6]. In the case of BPBD, the EWS is a vital tool
for identifying and communicating threats to
communities. Its objective is to provide timely and
accurate information on impending disasters, allowing
for prompt and effective preventive, mitigation, and
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evacuation measures [7]. By using sophisticated
technologies and protocols to monitor environmental
factors that may indicate disaster likelihood, the system
enables the BPBD to respond more quickly and
accurately [8]. The information gathered is analyzed
and shared with relevant stakeholders, ensuring that
they are well-prepared. Implementing an EWS s
critical for ensuring the safety and well-being of
communities at risk of natural disasters, and by
leveraging technology and expert knowledge, decision-
makers can protect vulnerable populations and prevent
or mitigate the negative effects of disasters. [9].

The Internet of Things (IoT) can be used in an Early
Warning System (EWS) for floods to improve the speed
and accuracy of flood information [10]. loT sensors can
be installed at critical points susceptible to flooding to
collect real-time data on water level, temperature,
humidity, and rainfall, which will be processed by the
IoT system to provide information about the current
flood condition [11]. This information can be
disseminated to BPBD or affected communities through
media such as SMS, email, or mobile applications. By
utilizing 10T technology in the EWS for floods, BPBD
can obtain flood information quickly and accurately,
enabling them to take faster and more appropriate action
to face flood disasters, such as evacuating communities
or providing logistics assistance. 10T technology can
also assist BPBD in monitoring flood conditions more
effectively and efficiently, resulting in a more optimal
response to flood disasters [12].

Ultrasonic sensors emit sound waves into water and
measure the time it takes for the sound waves to return,
which determines the height of the water level [13].
Capacitive sensors detect changes in capacitance as the
water reaches the sensor, and the capacitance increases
as the water level rises [14]. Voltage sensors measure
the voltage difference between two electrodes placed
within the water, which increases as the water level rises
[15]. All three sensors transmit data to an ESP8266,
which processes and transmits the information to a
server or cloud platform via Wi-Fi. This data can be
analyzed to provide useful information about flood
conditions. These sensors are based on physics
principles, providing accurate and reliable data for
detecting flood conditions and helping to take
emergency actions.

An Ultrasonic Sensor is a device that uses high-
frequency sound waves to detect the distance of an
object [16]. This paper, on the other hand, aims to
provide an overview of the main functions of the
Regional Disaster Management Agency of Medan City
(BPBD Kota Medan) and its role in disaster
management. The BPBD Kota Medan is responsible for
disaster planning, prevention, coordination, emergency
response, and recovery efforts. It collaborates with
various stakeholders to minimize the impact of disasters
and ensure the safety of the community. The agency
also utilizes an early warning system (EWS) to provide
warning of potential disasters and respond more quickly

and accurately to reduce the impact on communities
[17]. The paper suggests that 10T can be utilized to
improve the speed and accuracy of flood information in
a particular area. By leveraging cutting-edge
technology and expert knowledge, BPBD Kota Medan
aims to protect vulnerable populations and prevent or
mitigate the negative effects of natural disasters.

The gap in research within the paper on BPBD Kota
Medan's disaster management functions lies in the
absence of emphasis on leveraging Internet of Things
(1oT) technology within the Early Warning System
(EWS) for floods. While acknowledging the EWS, the
paper lacks depth regarding 1oT's role in this system. By
delving into loT's potential integration into the EWS,
the paper can significantly enhance disaster
management practices not only in Medan City but also
in broader contexts. Consequently, future research
should centre on practically implementing and
evaluating loT within BPBD Kota Medan's flood EWS,
considering both the advantages and challenges posed
by such technology. Constraints and Research Gap:

One identified research gap is the lack of focus on the
use of 10T technology in the EWS for floods in BPBD
Kota Medan. Although the paper acknowledges the
EWS, it does not provide detailed information on the
potential benefits, implementation, and challenges of
10T technology in the system.

Future research can focus on the practical
implementation and evaluation of 10T technology in the
EWS for floods in BPBD Kota Medan. This research
should consider the potential benefits, challenges, and
effectiveness of the system in improving disaster
management practices.

Further investigation is needed to explore the specific
benefits of integrating 10T technology into the EWS,
such as enhanced data collection, faster response times,
and improved decision-making. Additionally, the
research should address potential challenges, such as
infrastructure  requirements, data security, and
maintenance of 10T devices.

By addressing these constraints and research gaps, the
proposed innovation of utilizing 10T technology in the
EWS for floods can contribute to the advancement of
disaster management practices in Medan City. The
research can provide valuable insights into such a
system's practical implementation, benefits, and
challenges, ultimately improving the effectiveness and
efficiency of disaster response and mitigation efforts.

2. Research Methods

One of the primary functions of BPBD Kota Medan is
to develop disaster planning and strategies for the city.
This involves identifying potential risks, preparing
emergency response plans, and coordinating disaster
management efforts.

BPBD Kota Medan is a government agency that plays a
crucial role in disaster management. Its main functions
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include disaster prevention, coordination of disaster
management, emergency response, and evaluation and
post-disaster recovery is shown in Table 1. By
educating the public, providing training, monitoring
environmental conditions, and taking preventive
measures [18], BPBD Kota Medan can reduce the
number and severity of disasters that occur in the city.
It also coordinates all parties involved in disaster
management, including government agencies, non-
governmental organizations, and the general public, to
ensure that disaster management efforts are integrated

Monitoring
System

and effective [19]. In the event of a disaster, BPBD Kota
Medan provides assistance and protection to those
affected by evacuating, providing medical care,
equipment, and other forms of aid [20]. BPBD Kota
Medan evaluates the damage caused by disasters and
initiates recovery efforts, including rebuilding damaged
infrastructure and providing support to affected
communities [21]. By fulfilling these roles effectively,
BPBD Kota Medan can minimize the damage caused by
disasters and ensure a more efficient response to
emergencies.

4

Figure 1. Regional Disaster Management Agency
Source: bantwana, 2023

Previous research and literature have provided valuable
insights into the functions and roles of the Regional
Disaster Management Agency of Medan City (BPBD
Kota Medan) and the use of an Early Warning System
(EWS) in disaster management as seen in Figure 1. Here
are some key findings and constraints from previous
research:

BPBD Kota Medan's Functions: Previous research
highlights the primary functions of BPBD Kota Medan,
which include disaster planning, prevention,
coordination, emergency response, and recovery efforts
[22]. The agency plays a crucial role in identifying
potential risks, developing emergency response plans,
and coordinating disaster management activities [23]. It
also collaborates with various stakeholders to ensure
integrated and effective disaster management efforts.

Early Warning System (EWS): Previous studies
emphasize the importance of implementing an EWS for
timely and accurate information on impending disasters
[24]. The EWS enables the BPBD to identify and
communicate threats, initiate preventive measures, and
facilitate evacuation if necessary [25]. The system relies
on monitoring environmental factors that may indicate

disaster likelihood [26]. Effective implementation of an
EWS can help protect vulnerable populations and
mitigate the negative effects of disasters.

Internet of Things (1oT) in EWS: Research suggests that
0T technology can enhance the speed and accuracy of
flood information in an EWS [10]. 10T sensors installed
at critical points susceptible to flooding can collect real-
time data on water levels, temperature, humidity, and
rainfall [27]. This data, processed by the 10T system,
can provide current flood condition information to
BPBD or affected communities through various
communication channels [2]. The utilization of loT
technology can enable faster and more appropriate
actions during flood disasters.

Sensors for Flood Detection: Previous studies discuss
the use of ultrasonic sensors, capacitive sensors, and
voltage sensors for detecting flood conditions [28],
[29]. These sensors, based on physics principles,
provide accurate and reliable data on water levels,
which is crucial for emergency actions and decision-
making during flood events.

Table 1. BPBD’s disaster management strategies description

BPBD's Disaster Management Strategies Description

Environmental Condition Monitoring

BPBD monitors environmental conditions, such as weather patterns and seismic

activity, to identify potential disaster risks.

Risk Analysis

BPBD conducts a risk analysis based on collected data to determine the level of

disaster threat in their working area.

Early Warning System

BPBD employs an early warning system to provide timely and accurate information

about impending disasters to the public.

Disaster Evacuation and Mitigation System

BPBD prepares an integrated and coordinated plan for disaster evacuation and

mitigation with various parties, including the community, government agencies, and
non-governmental organizations. This involves identifying safe evacuation routes and
shelters, as well as preparing emergency supplies and equipment.
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2.1 Review of components used in the research

Programming is the process of creating instructions for
a computer to follow, typically in the form of software
programs [30]. In this prototype, programming refers to
creating code for the ESP8266 microcontroller using
the Arduino IDE. Data logging involves collecting and
storing data from a system or device over time [31]. In
this prototype, the ultrasonic sensor measures the
distance between the water level and the sensor, and the
data is transmitted to the microcontroller for logging

and analysis. Data analysis involves examining the data
to find insights and patterns. ThingSpeak is used to
receive and log the data, and its tools are used to analyze
and visualize the data. Conducting research involves
testing and validating the system's effectiveness in real-
world scenarios, comparing results to established
methods, and analyzing collected data [32]. The
prototype includes an ultrasonic sensor that measures
distance and transmits data to the ESP8266
microcontroller, which converts and uploads it to
ThingSpeak for logging and analysis [33], [34].

Table 2. Prototype component description

Component Description

Ultrasonic Sensor

A sensor is used to measure the water level or other objects above the water surface. It can

generate data in the form of distance or relative height. Examples: HC-SR04, JSN-SR04T

Speaker
threshold.
Cable

An audio component is used to produce sound or alerts if the water level exceeds a certain

Connecting cables are used to link various components in the system. Can be jumper cables, data

cables, or other types of connectors.

ESP8266 Module

A microcontroller module with Wi-Fi capabilities is used to connect the system to the internet

and send data to the Thingspeak platform. Examples: NodeMCU, Wemos D1 Mini

Microcontroller/Processor

An electronic component that acts as the brain of the system, controlling sensor operations, data

processing, and device control. Can be a microcontroller or microprocessor, such as Arduino,

Raspberry Pi, or ESP32.
Power Supply
Communication Module

A power source to operate the entire system, such as batteries, adapters, or solar panels.
Additional modules such as GSM modules, LoRa modules, or Bluetooth modules send data to

the Thingspeak platform through the appropriate communication channel.

Additional Sensors (optional)

Additional sensors such as temperature, humidity, or atmospheric pressure sensors can be used to

The prototype for this project consists of multiple
components, such as an ultrasonic sensor, ESP8266
microcontroller, Arduino IDE, and ThingSpeak [35].
The ultrasonic sensor measures the distance between
the water level and the sensor [36]. The ESP8266
microcontroller processes the data from the sensor and
converts it into meaningful values [37].

The research involves field testing the prototype in real-
world scenarios, comparing its results to established
methods, and analyzing the collected data to assess the
system's accuracy and effectiveness [38]. The ESP8266
microcontroller is used to input data from the ultrasonic
sensor to ThingSpeak, and the Arduino IDE provides a
user-friendly environment for programming the
microcontroller. The components used in this system
include the ESP8266 microcontroller, ultrasonic sensor,
and ThingSpeak platform, with programming based on
the  Arduino platform  for  controlling the
microcontroller and interfacing with other electronic
components is shown in Table 2 [39].

2.2 Concept of implementation system

The recommended flood detector flowchart integrates
various components, including ultrasonic sensors, rain
sensors, and temperature sensors, along with the use of
GSM, Arduino ESP8266, and communication output to
platforms such as WhatsApp, Telegram, and mobile
messaging. The system begins with the initialization of
the flood detector, ensuring the readiness of all
components to operate. The ultrasonic sensor, rain
sensor, and temperature sensor continuously collect
data related to water level, humidity, and temperature,
respectively.

The data collected from the ultrasonic sensor is used to
monitor the water level, and by comparing it to a
predetermined threshold, the system can determine if
the water level has crossed the safe limit, signalling the
need for preventive or warning measures.
Simultaneously, the rain sensor is activated to identify
rain, triggering the necessary precautions or warnings
upon detection. In addition, the temperature sensor
plays a key role in the analysis of the flood situation by
providing information on the ambient temperature and
facilitating the understanding of the overall flood
conditions.

The system can recognize patterns or anomalies that
contribute to flooding by monitoring the temperature.
To ensure timely communication and notification to the
system owner, the flood detector is designed to send
notifications via text message. The owner receives
updates on the detected flood conditions, enabling quick
action and response. After completing the required
actions, this flood detector system is either stopped or
moves on to the next sensor, ready to repeat the data
collection and analysis process.

Implementing this comprehensive and efficient flood
detector flowchart, which integrates ultrasonic, rain,
and temperature sensors, along with GSM, Arduino
ESP8266, and various messaging platforms, the system
can effectively monitor and notify owners of potential
flood events. This enables timely intervention and
proactive measures to minimize the impact of flooding.
Figure 2 shows the concept diagram of the system
implementation.
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Figure 2. Concept of implementation system diagram
2.3 Implementation using the program

The program uses ultrasonic sensors to detect flooding
and sends the data to the ThingSpeak platform for
analysis. The program sets up the WiFi connection and
ThingSpeak credentials, initializes the sensor, and waits
for the WiFi connection is shown in Table 3.

WiFi and ThingSpeak settings: In this step, we need to
do the initial configuration to set up the WiFi
connection and ThingSpeak settings. First, we include

the necessary libraries, namely ESP8266WiFi.h and
ThingSpeak.h. Next, we set the WiFi parameters, such
as SSID (WiFi network name) and password. Then, we
set the ThingSpeak settings, including the server
address and APl key. Next, we create a WiFiClient
object with the name “client". Then, we set the pin
trigger and pin echo for the ultrasonic sensor. Next, we
initialize serial communication with a baud rate of
115200. Finally, we connect the device to the
predefined WiFi network and wait for a successful
connection. Once connected, we print "Connected to
WiFi" as a sign that the connection has been successful.
Finally, we initialize the ThingSpeak library using the
"client" object.

Main Loop: After establishing the connection, the
system starts capturing distance data from the sensor,
and then sends it to ThingSpeak via its API, depending
on the validation of the received data. This cyclic
process takes place continuously. To facilitate
notifications via Telegram when the water level exceeds
a predefined threshold, it is recommended to use
ThingSpeak's React app. This involves the
configuration of a Telegram bot, the creation of a React
in ThingSpeak with defined trigger parameters, and the
integration of actions designed to send relevant
information to the configured Telegram bot. Seamless
integration with the React app required programming,
allowing the ESP8266 WiFi module to access the
Telegram bot API using the Arduino IDE. This
carefully designed program provides a straightforward
and efficient solution for flood detection, leveraging
electronic sensors and cloud-based data analysis.

Table 3. ESP-8266 Program Integration with Thingspeak for WhatsApp, Telegram, and Mobile Messaging

Inputs:
ssid: WiFi SSID
password: WiFi password
thingspeakHost: ThingSpeak server address
writeAPIKey: ThingSpeak write APl key
trigPin: Sensor trigger pin
echoPin: Sensor echo pin
threshold distance: Threshold distance for data validity
\
Functions:
setup():
Initialize serial communication for debugging
Set sensor trigger pin as OUTPUT and echo pin as INPUT
Connect to WiFi using the provided credentials
\
loop():
Measure distance using the sensor:
Send trigger signal to the sensor
Capture the duration of the echo pulse and calculate the distance
Check if the distance reading is valid:
If the distance is within the specified threshold:
Print the distance to the serial for debugging
Send the distance data to ThingSpeak using
sendDataToThingSpeak()
\
connectToWiFi():
Connect the ESP8266 to the provided WiFi network
\
sendDataToThingSpeak(long distance):
Establish a connection to the ThingSpeak server using WiFiClient
Prepare a POST request with distance data
Send the request to ThingSpeak
Close the connection and print a message indicating successful data
transmission

Initialize Libraries, Variables, and Connection
\
Setup:
Begin Serial Communication
Connect to Wi-Fi and ThingSpeak
Initialize GSM Module
\
Main Loop:
Read Sensor Data:
Trigger Ultrasonic Sensor
Measure Echo Duration for Distance
Check the Validity of Distance Reading
\
Data Transmission:
Send Data to ThingSpeak:
Set Field Value for Distance
Attempt to Send Data to ThingSpeak
Display Success/Failure of Data Transmission

Flood Detection:
Check if Distance Exceeds Flood Threshold:
If Exceeded:
Send WhatsApp Message:
Set GSM Module to Text Message Mode
Compose and Send Message to Specified Phone Number
Send Telegram Message:
Prepare Payload for Telegram Bot API
Connect and Send Message to Telegram API
Display Success/Failure of Telegram Message
\
Delay and Repeat:
Pause for 5 Seconds
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Main Program Initialization: First, we import the
necessary libraries, namely  SoftwareSerial,
TinyGsmClient, WiFiClient, and ThingSpeak. This step
indicates that the program will use the functionality of
these libraries for serial communication, GSM
connection, Wi-Fi connection, and interaction with the
ThingSpeak platform.

We define the necessary constants such as ssid (Wi-Fi
SSID name), password (Wi-Fi password), apiKey
(ThingSpeak API key), server (ThingSpeak server
address), botToken (Telegram bot token), chatld
(Telegram chat ID), phoneNumber (Phone number),
trigPin (Trigger pin on ultrasonic sensor), echoPin
(Echo pin on ultrasonic sensor), floodThreshold (Water
height limit), rxPin (Receive pin on GSM module), and
txPin (Transmit pin on GSM module).

We initialize the GSM module and serial
communication. Initializing the GSM module is
important to prepare the module to communicate with
the cellular network while initializing the serial
communication indicates the use of serial
communication to interact with other devices.

We set up the Wi-Fi connection. This involves setting
parameters such as the Wi-Fi SSID and password. This
stage shows that the program can connect to a Wi-Fi
network to send and receive data.

We connect to Wi-Fi and initiate a connection with
ThingSpeak. This involves using ThingSpeak's API key
to send data to the platform. By connecting to
ThingSpeak, the program most likely functions as a
sensor data sender that measures the water level using
an ultrasonic sensor and sends the information to
ThingSpeak. This information might also be shared via
Telegram using a bot with a predefined token and chat
ID.

These steps indicate the implementation of an internet-
connected water level monitoring system, with the
ability to communicate via cellular and Wi-Fi networks
and integrate with ThingSpeak and Telegram platforms.

Main Program Loop: In the main program loop, a series
of iterative steps are executed as follows: First, the
trigger pin is set to the LOW state, followed by a 2-
microsecond pause. Next, the trigger pin is set to the
HIGH state, and a pause of 10 microseconds is
implemented. Finally, the trigger pin returns to the
LOW state. Meanwhile, the duration of the signal from
the echo pin is measured, making it possible to calculate
the observed distance. If the measured distance is valid
(greater than 0), the distance in centimetres is printed,
the initial value in ThingSpeak is updated with the
measured distance, and the data is sent to ThingSpeak,
with an evaluation of the HTTP response code. If the
response code is equal to 200, the message "Data sent
to ThingSpeak™" is printed. Conversely, if the response
code is different from 200, the message "Failed to send
data to ThingSpeak" is displayed. If the distance
exceeds the predefined flooding threshold, the

sendWhatsAppMessage and sendTelegramMessage
functions are called, sending the message "Water level
exceeds limit!". Any invalid distance measurement
results in printing "Invalid data from ultrasonic sensor".
After these operations, a 5-second pause is performed.

The iterative steps in this program loop focus on
measuring distance using an ultrasonic sensor. The
trigger pin is used to generate an ultrasonic signal, and
the echo pin is used to measure the duration of the
returning signal. The measured data, such as the
distance in centimeters, is updated on ThingSpeak. This
is useful for monitoring and recording changes in
distance over time. The measured data is sent to
ThingSpeak, and the HTTP response is evaluated. The
printed message provides information on whether the
data transmission was successful or failed. This can
help programmers to understand whether the
connection to ThingSpeak is going well. If the distance
exceeds the specified flooding threshold, the function to
send messages via WhatsApp and Telegram is
activated. This indicates a proactive response to certain
conditions that the sensor can identify. If the distance
measurement is invalid, the message "Invalid data from
ultrasonic sensor" is printed. This shows that the
program has a mechanism to detect and handle invalid
data. After all operations are completed, a 5-second
timeout is performed. This can be useful for controlling
the program execution rate and allowing time for the
system to respond or process the measurement results
before the next iteration begins.

3. Results and Discussions
3.1 Results

The sensor connected to ESP8266 is designed to
measure the water level at a particular location using an
appropriate method based on the type of sensor used
[40]. The sensor can work by emitting sound signals,
measuring capacitance changes, or detecting voltage
differences caused by the presence of water [41]. Once
the sensor reads the water level, it sends the data to
ESP8266 through a wired connection between them.
Subsequently, ESP8266 processes the received data
from the sensor and sends the information to a server or
cloud platform via a Wi-Fi connection [42]. The data
transmitted to the server or cloud platform can be
analyzed to provide valuable insights, such as flood
levels in a certain area, early warnings, or flood risk
assessments [43]. The data received by the server or
cloud platform can be stored and further analyzed to
identify trends or patterns that may be related to
environmental conditions [44]. The information
provided by this ESP8266 flood sensor system can be
used to take emergency actions, such as evacuation or
rescue efforts, and assist relevant parties in preparing
flood risk reduction strategies for the future.

To build a functional Telegram-based system, follow
the procedural guidelines outlined on the official
Telegram website for the creation and setup of
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Telegram accounts and bots. Ensure careful
documentation of the Telegram bot token generated
during the bot creation phase, which is crucial for
system integration. Next, initiate the connection by
using the ESP-8266 module for Wi-Fi connection,
following the module-specific instructions provided.
Use the HTTPS protocol to form a secure link with the
Telegram server, a fundamental aspect that ensures
encrypted and secure communication.

Develop customized functions using the Telegram Bot
API, using pre-recorded bot tokens to facilitate sending
messages to the Telegram platform. Integrate the
necessary sensors and modules according to the system
specifications. Build a program designed to extract data
from the integrated sensors and facilitate its
transmission to the Telegram platform through pre-built
functions. Calibrate the transmission interval to ensure
consistent and regular data flow.

Rigorous tests are required to validate the functionality
of the system, ensuring accurate and timely data
transmission to the Telegram platform. This prototype,
with its meticulous architectural design, presented a
box-based river water level detector carefully designed
to reduce flood-related risks. The prototype serves as a
comprehensive solution for real-time monitoring and
detection of water levels in rivers and other water
bodies, thereby strengthening preventive measures
against potential flood incidents.

The architectural design included careful consideration
of location, size, and structural attributes, ending up
with an effective flood mitigation solution. The
implementation of the flood monitoring simulation on
the Thingspeak server platform involved using
Thingspeak, a cloud-based Internet of Things (loT)
platform that facilitates data collection, analysis, and
visualization. The simulation process generally consists
of the following steps:

Data Generation: Data simulation is a crucial aspect in
the context of flood monitoring systems. In this
research, it has been proven that simulation techniques,
which include the virtual generation of data such as
river water level, rain intensity, and temperature, are a
key cornerstone in building this system. This process
carried out through the application of mathematical
models and random data generation, enables the
creation of data that reflects the real-time conditions
that should be obtained from real sensors in a flood
monitoring system.

Through the use of mathematical models, with
equations and parameters representing relationships
between variables such as river water level, rainfall and
temperature, this research successfully simulates the
dynamic interactions between these variables in real-
time. For example, river water level predictions can be
made by considering an increase in rainfall intensity.
Meanwhile, another approach through random data
generation provides great flexibility, allowing the
creation of data that reflects the distribution and

characteristics of the actual data measured by the
Sensors.

The advantage of applying data simulation lies in its
flexibility which allows full control over the parameters
in the mathematical model or the distribution of the
random data. This allows the simulation of a wide range
of scenarios and conditions, including those that are
difficult or dangerous to replicate physically. In
addition, data simulation also allows the identification
of weaknesses or deficiencies in the system without
having to wait for an actual flood event to occur.

While data simulation results provide significant
benefits, this research emphasizes the need to compare
and validate the results with data obtained directly from
real sensors. This validation is crucial to ensure that the
simulation reflects real conditions with sufficient
accuracy.

Data Upload: The process begins with the initiation of
simulation data upload to the Thingspeak server
platform, a dynamic step that utilizes the wide variety
of Application Programming Interfaces (APIs)
provided by Thingspeak. These APIs serve as a central
point for flawless data transfer to the platform,
providing a variety of protocols including HTTP,
MQTT, and other compatible options. This complex
network of protocols emphasizes the flexibility and
diversity inherent in the Thingspeak API infrastructure.

Following the transmission of simulated data to
Thingspeak, a platform designed to host a variety of
protocols through its API infrastructure, the next phase
unfolded with the orchestration of MQTT as the
instrumental link connecting Thingspeak and Telegram.
This connection is established through the intermediary
of an MQTT broker, a critical component in the
synchronization process. MQTT, known for its
efficiency in lightweight messaging, facilitates the
smooth flow of information between Thingspeak and
Telegram.

At the core of this complex system is the configuration
of the MQTT protocol within the Thingspeak
environment. This involves careful settings to ensure a
smooth data transfer channel between Thingspeak and
the MQTT broker intermediary. This configuration
became the basis for the subsequent development of the
script, a powerful tool designed to seamlessly interact
with Thingspeak's MQTT broker and Telegram's API.

The script, carefully designed for optimal performance,
takes on a dual role in this ecosystem. Its primary
function is to retrieve relevant data from Thingspeak via
the MQTT protocol, utilizing the efficient
communication infrastructure provided by Thingspeak.
Simultaneously, the script is skilled in transmitting the
obtained information to Telegram, navigating the
complicated communication path built through MQTT.

Users, who are at the receiving end of this complex data
journey, can benefit significantly from this well-
organized system. Timely updates or notifications
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delivered via Telegram are a direct result of the initial
data upload to Thingspeak. The seamless integration of
these platforms, facilitated by the intelligent use of
APIs, the MQTT protocol, and carefully designed
scripts, achieves a user-centric experience characterized
by the dissemination of real-time and relevant
information. Through this connected network, users
gain a dynamic and responsive path to stay informed,
underscoring the symbiotic relationship between
simulated data, Thingspeak, MQTT, and the Telegram
platform.

Data Processing: The seamless integration of
ThingSpeak in data processing marks a remarkable
advancement in this field, offering an efficient and
unified approach to capturing real-time data from a
variety of diverse sources. This integration not only
simplifies the complex process of storing, managing,
and analyzing data but also forms an effective pathway
to upload data to the ThingSpeak platform and utilize
its built-in functionality or use specific MATLAB
coding for in-depth analysis.

By utilizing simulated data in ThingSpeak, a variety of
data processing techniques become available, ranging
from basic operations such as filtering to more complex
procedures such as aggregation and transformation
through MATLAB codes. These techniques play a key
role in refining the raw data, and translating it into more
meaningful, implementable insights, thus improving the
overall quality of the information obtained.

Although ThingSpeak offers real-time visualizations, it
is important to recognize that these representations
depict raw data and do not include in-depth analysis
performed using MATLAB. This research is focused on
two main aspects. First, it dives into the effectiveness of
real-time data storage mechanisms in ThingSpeak,
highlighting their significant role in accelerating data
aggregation. Secondly, it explored the use of a robust
data processing methodology using MATLAB. This
methodology includes complex procedures such as
filtering, aggregation, and transformation of data
uploaded to ThingSpeak.

The integration of these stages provides a
comprehensive understanding of the entire data
lifecycle, involving careful collection, storage, and
analysis. This holistic approach facilitates a more in-
depth and nuanced understanding of the dataset being
analyzed. By addressing real-time data storage and
sophisticated data processing, this research ensures a
thorough exploration of the capabilities offered by the
ThingSpeak platform along with MATLAB, ultimately
contributing to the advancement of data science
methodologies and analytics.

Visualization: In this research, it was found that at the
data processing stage, the information that has been
processed can be visualized using various built-in
visualization tools provided by Thingspeak, such as
graphs, maps, and gauges. These visualization tools
serve as a means to analyze the simulated flood data.

The utilization of these visualization tools has proven to
be very important in understanding patterns or trends
that emerge from the simulated flood data.

Graphs, as one of the visualization tools, provide a
visual depiction of changes in values within a certain
period, allowing users to see long-term fluctuations and
trends more easily. Meanwhile, maps allow users to see
the spatial distribution of flood data, facilitating the
identification of areas with high risk or potentially
significant impacts. This spatial information is
invaluable in disaster mitigation and response planning,
helping decision-makers to allocate resources more
effectively.

The use of gauges also provides immediate insight into
specific conditions, such as water levels or flood
intensity at specific points in real-time. This allows
users to identify sudden changes or anomalies that may
require immediate action. By utilizing these
visualizations, users can combine quantitative analysis
and visual understanding to make more informed
decisions.

This research shows that the use of visualization tools
on Thingspeak not only improves data accessibility but
also increases users' capacity to understand, analyze and
respond effectively to flood situations. As such, the
overall findings of this research support the idea that
data visualization can assist in the continuous
monitoring and modelling of flood situations, as well as
guide more effective mitigation measures and rapid
response in the face of emergency conditions.

Alerts and Notifications: Thingspeak not only serves as
a platform to store and visualize data but also allows
users to set up alerts and notifications based on pre-
defined conditions or thresholds. For example, if
simulated water level data crosses a certain threshold,
the system can trigger an alert to notify relevant parties
via email, SMS, or other media.

This capability provides an advantage in managing
emergencies or proactive monitoring. By setting
relevant thresholds, users can identify potential
problems or anomalies in water levels and preventive or
response actions can be taken as soon as an alert is
triggered. This increases efficiency and responsiveness
in managing environmental data, especially in water
level simulations.

Integration with Other Services: Thingspeak's
integration capabilities involve various services and
platforms, including social media, web services and
databases, significantly enhancing the functionality of
the flood monitoring system. For example, utilization of
Thingspeak data can trigger actions across various
Internet of Things (IoT) devices or systems, enabling
the implementation of flood mitigation measures. The
use of the Thingspeak server platform for simulated
flood monitoring facilitates the development and testing
of a robust and scalable system. The system deftly
collects, processes, visualizes and analyzes data,
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providing substantial assistance in reducing flood risks
and improving decision-making intelligence.

Figure 3 illustrates a prototype of an loT-based flood
monitoring system that uses an ESP-8266, connects to
a ThingSpeak server, and runs simulated flood
conditions. From this illustration, it can be seen that the
integration between the hardware (ESP-8266) and the

e \

ThingSpeak platform is effective, enabling flood-
related monitoring and data collection. The ESP-8266
acts as the main component on the hardware side,
managing data collection from the sensors and
forwarding it to the ThingSpeak server. This
demonstrates the reliability of the hardware in
generating accurate data and connecting it to the online
platform.

Figure 3. loT-Enabled Flood Monitoring Prototype Utilizing ESP-8266, Connected to ThingSpeak Server, and Simulating
Flood Conditions

The simulation of flood conditions on the ThingSpeak
server highlighted the system's ability to simulate and
process data related to water levels, rain intensity, and
other relevant factors in a flood scenario. This
simulation approach is an important contributor to the
reliability of the system, enabling in-depth testing
independent of unpredictable natural conditions.
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Figure 4. Feedback telegram for water level

Figure 4 reflects the prototype's ability to provide
reliable and efficient 10T-based flood monitoring. The
good integration between the hardware, communication
platform, and simulated flood conditions gives an idea

of the possible use of this system in wider testing and
research. The system design, shown in boxes,
demonstrates a structured approach to installation and
strategic placement along riverbanks or key locations.
The precision-mounted sensors within these boxes are
designed to accurately measure water levels,
transmitting critical data to a centralized system or a
designated receiver such as a monitoring station or
mobile device. The primary function of these water
level sensors is to mitigate flood risk by providing real-
time and accurate information, enabling immediate
action to be taken to prevent or mitigate potential flood
events.

Figure 5 displays the results of ultrasonic sensor testing
for measuring river water levels and the system status
involved in such measurements. An in-depth analysis of
the figure can unveil several crucial aspects related to
the accuracy of ultrasonic sensors, integration with
other components, and the system's capability to
provide early warnings.

The results of river water level measurements using
ultrasonic sensors were compared with measurements
using a ruler for 10 different samples. The variation
between the ultrasonic sensor and ruler results was
generally less than 5 centimetres. The ultrasonic sensor
provided sufficiently accurate measurement results,
demonstrating its reliability in determining river water
levels.

The figure illustrates the integration of ultrasonic
sensors with other components, including the ESP32-
Cam module, 4G WiFi modem, LCD, and buzzer. Early
warning statuses are also displayed on the website,
indicating the system's connectivity with the online
platform. This system has successfully integrated
various components, creating a comprehensive solution
for river water level monitoring.
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The system shows a "Safe" status for samples 1 to 5 as
the river water level is within safe limits. For samples 6
to 8, although the ultrasonic sensor remains active, the
system transitions to "Standby" status due to an increase
in river water level, indicating the system's readiness to
provide early warnings. In samples 9 and 10, the system
detects a river water level reaching a hazardous level,
and the early warning status is activated. The system
accurately provides early warnings when the water level

reaches a dangerous level, demonstrating its
effectiveness in engaging users for potential hazards.
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The system has successfully integrated ultrasonic
sensors with other components, providing accurate real-
time monitoring. The system's ability to issue early
warnings when the water level reaches a dangerous
level demonstrates the reliability and usefulness of the
system in critical situations. This system is an effective
solution for flood monitoring and risk mitigation,
utilizing ultrasonic sensors and seamless integration
with other components.
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Figure 5. Ultrasonic Sensor Measurements and System Status for River Water Levels

This research employs sensor technology connected to
ESP8266 for accurate water level measurements. The
sensor utilizes sound signals, capacitance changes, or
voltage disparity detection in the presence of water.
ESP8266 then processes this data and transmits it via
Wi-Fi to a server or cloud platform. The accumulated
data enables comprehensive analysis, facilitating wide-
scale flood monitoring, early warning systems, and risk
assessment.

This study pioneers an innovative flood detection
system that integrates sensors, ESP8266, and Telegram
integration for enhanced monitoring and notifications.
It advances by establishing a Telegram account,
configuring a Telegram bot, and building a Wi-Fi
connection with the ESP8266 module. Rigorous testing
is conducted on data transmission to Telegram to ensure
accuracy.

The architectural design of this prototype reflects
innovation, emphasizing aspects such as location, size,
and structure for easy installation along riverbanks or
other strategic areas. Additionally, the research utilizes
the Thingspeak platform for simulation, processing,
visualization, and automatic response based on
predefined flood conditions. This combination
significantly contributes to strengthening robust and

scalable flood monitoring and mitigation infrastructure.
The system's ability to collect, process, visualize, and
analyze data enhances flood risk mitigation strategies
and decision-making capabilities, reinforcing its role in
reducing flood risks and promoting resilient
communities.

3.2 Discussion

This research focuses on creating a robust Flood Early
Warning System by integrating social media and using
various sensor methodologies to accurately measure
water levels. The study evaluates various sensor
approaches: sound signalling (precise but sensitive to
external interference), capacitance change (sensitive to
water changes but vulnerable to moisture and insulating
materials), and voltage detection (simple but lacks
consistent accuracy and is sensitive to resistance
changes).

Connectivity aspects are explored, highlighting the
compromise between stability and wvulnerability in
wired versus Wi-Fi connections. Secure data transfer
protocols such as HTTPS and data processing within
the ESP8266 ensure data integrity and efficiency. Data
analysis involves identifying trends, patterns, and
anomalies by using predictive models to forecast
environmental conditions. Emphasis on data security
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during transmission and in the cloud repository is
achieved through encryption and additional security
measures such as two-factor authentication and
suspicious activity monitoring.

Field implementation involved rigorous testing to
guarantee reliability, practicability, and resistance to
weather conditions. The prototype demonstrated
resilience through the use of weatherproof materials and
sensor protection, as well as extensive testing protocols.
System scalability was addressed by suggesting the
integration of additional sensors and net-network
technology for network expansion, further improving
accuracy and utility.

This comprehensive system makes a significant
contribution to flood risk reduction, supports
emergency decision-making, aids  post-disaster
recovery efforts, and facilitates sustainable urban
planning by providing information for future
infrastructure planning and risk mitigation strategies.

4, Conclusions

This research employs a technological research
approach, utilizing ESP8266 programming on Arduino
IDE to collect data from ultrasonic sensors measuring
water levels. The data transmission process to
ThingSpeak is utilised for recording and analysis. The
core system involves ultrasonic sensors, ESP8266
microcontrollers, and the ThingSpeak platform as the
foundation for data storage and analysis.

To enhance the comprehensiveness of flood
monitoring, future research might consider integrating
additional sensors such as temperature, humidity, or
atmospheric pressure. Incorporating communication
modules like GSM or LoRa enables real-time data
transmission in remote areas without Wi-Fi, extending
the monitoring range.

Rigorous validation of this system is conducted through
field tests across diverse real-world scenarios.
Comparisons with existing methods showcase the
system's advantages and potential for enhancements.

Leveraging the ThingSpeak React app to dispatch
notifications via Telegram or other platforms empowers
the system to issue alerts when water levels surpass
specific thresholds. This allows users to promptly
respond, facilitating timely preventive measures or
evacuations.
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