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This research focuses on the development and implementation of an Internet
of Things (loT)-based system for predicting tidal flood (banjir rob) using
sensor data and machine learning techniques. The system utilizes sensors
such as ultrasonic sensors (HC-SR04), DHT11 (for temperature and
humidity), connected to an ESP32 module for real-time data collection. The
collected data is sent to the ThingSpeak platform for storage and analysis. A
machine learning model, specifically a Random Forest Regressor, is trained
on historical data from ThingSpeak to predict the flood height based on
environmental factors such as temperature and humidity. To enhance the
practicality of the system, a Telegram bot is integrated to provide real-time
flood predictions directly to users. The system fetches the latest sensor data,
predicts the flood height, and sends this information via the Telegram bot.

Prediction Tidal Flooding. The machine learning model is evaluated using metrics such as R2 score and
Mean Squared Error (MSE), ensuring accurate and reliable predictions for
flood monitoring. This approach presents a low-cost, real-time, and scalable
solution to predict tidal floods in coastal regions. The system's integration of
10T, cloud computing, and machine learning offers a powerful tool for local
authorities, disaster management teams, and residents to monitor and prepare
for potential flood events. The research highlights the potential of combining
10T technology with Al to enhance environmental monitoring and early
warning systems in flood-prone areas.
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1. INTRODUCTION

In North Java, there are have a highway that makes the route of Java easier and faster than the road
usually. It names is Pantura, Pantura have a fast highway in Java, but in North Java there are many tidal floods
by BNPB. There are many risks and any disaster with floods.

Profil Bencana Indonesia

33. Jawa Tengah

Fig 1. Floods Disaster Marks map in 5 years [1]
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Tidal floods are floods that occur on the coast due to rising sea levels. Tidal floods are characterized
by high sea waves that overflow onto land. Damage to coastal ecosystems is one of the causes of tidal floods.
Many factors can influence the occurrence of tidal floods, including global warming, land subsidence,
regional topography, abrasion and sea tides. The system built in this journal can monitor tidal floods/sea
water by utilizing the concepts of Internet of Things (10T) and Artificial Intelligence (Al). The system is built
with an Arduino 8266 microcontroller which will be connected to ultrasonic and humidity sensors as well as
radar, the system will be connected to a Wifi modem which will act as a link between the system and Realtime
web monitoring. In this final assignment, the author only focuses on creating, designing and testing websites
and the speed of information used to monitor tidal floods/sea water.

The Internet of Things (IoT) is a network of objects the physical or “thing” that is embedded with
electronics, software, sensors and connectivity to enable it to achieve value and service larger ones by
exchanging data with manufacturer, carrier, and/or other connected devices. Al is programming that learns
through events and reprogram the device accordingly with the last visible pattern and not with pre-
programmed instructions [2]. The combination of the two Artificial Intellegence (Al) has a significant
impact on society by quickly making predictions and making it easier to do work. The aim of this research is
to develop an Al-based tidal flood monitoring system that is integrated with sensors to provide real-time data
and increase the speed and accuracy of early warning. And the expected results of this research are a
prototype tidal flood monitoring system that can provide real-time data, increase the accuracy of flood
predictions by up to 85-95%, a faster early warning system, allowing communities to prepare earlier.

2. RESEARCH THEORY
2.1 Monitoring System

Monitoring systems represent one of the most important tools in certain areas, allowing for
continuous observation and analysis of specific parameters. Most modern monitoring systems
include 10T technology, which makes it possible to acquire and process data in real time. loT-enabled
monitoring systems are particularly effective, as they can gather large volumes of data from multiple
sources at the same time. These systems provide accurate and timely information, which is essential for
mitigating environmental hazards and supporting sustainable practices. The Monitoring System is a
system that is used continuously to monitor and collect data of a particular object or process. Data
collected from This system is then analyzed with the aim of produce crucial information in support
decision making or necessary action. This system not only provides real-time images about the condition
of the object or process being monitored, but It also allows for in-depth analysis to the data collected [3].

2.2 Internet of Things

The loT has revolutionized monitoring systems by allowing smooth connectivity and the
acquisition of data in real time. loT-based monitoring systems are finding more applications in a wide
array of fields, including environmental management, healthcare, agriculture, and industrial
processes. This section presents a review of the recent literature concerning loT-based monitoring
systems, describing  their architecture, applications, and challenges. These sensors collect data from the
surroundings and send it wirelessly using Wi-Fi, ZigBee, or LoRa protocols. Edge computing or cloud
computing platforms are employed for the processing of the collected data for real-time analytics and
decision-making. 10T- based monitoring systems ensure timely, precise, and actionable insights
across industries in real time. More improvement in 10T technologies leads to increases their domain of
application and thus challenges, toward a world full of connected and intelligible devices.

Internet of Things (IoT) devices include: four interdependent and interdependent core layers
support. These four layers include sensors and monitoring devices, communication networks for
transferring data, platforms that manage and analyze the collected data, as well as the interface users that
facilitate human interaction with IoT system. Taken together, these layers working to optimize IoT
performance inside various application contexts, from smart homes to industrial automation, creating a
connected environment and smart. Reference to "figure 2.1" indicates that this illustration can provide a
more in-depth visual view of the structure 10T complex [3].
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Fig 2. IOT Architecture Layer [4]
2.3 ESP 32

ESP32 is a powerful and economical platform for 10T applications, particularly in monitoring
systems. Equipped with integrated Wi-Fi and Bluetooth capabilities, together with its low power
consumption and high processing performance, the ESP32 has been gaining rapid attention among
researchers and developers. The section will discuss the use of ESP32 in loT-based monitoring systems,
its architecture, applications, and advantages.

0y, ESPI2WROOM-32 PINOUT [+
ms 17 (aka ESP32-DevkitC)
-

Fig 3. ESP Module Kit [5]

ESP32 is a module that can used in many projects and also is a complete module with integrity
microcontroller that can work simultaneously independent. ESP32 provides WiFi networking
independently as a bridge from the microcontroller existing to your WiFi network. ESP32 using a dual-
core processor running on Xtensa LX16 instructions. ESESP32 has 34 general purpose input/output pins
(GPIO) whose function can be configured by configuring the appropriate registers. The ESP32 GPIOs are
divided into four categories: Digital Only, Analog Enabled, Capacitive Touch Enabled, and Other [6].

2.4 Ultrasonic Sensor HC-SR04

The HC-SR04 ultrasonic sensor is a widely used and cost-effective device for measuring distance.
Its applications span robotics, automation, and embedded systems due to its simplicity, reliability, and
affordability. This review aims to summarize key studies and developments related to the HC-SR04 and its
application in a wide range of fields. The HC-SR04 ultrasonic sensor works on the principal of sending
ultrasonic waves at a frequency of 40 kHz and measures the time required for the echo to be received after
it bounces off an object [7]. The module calculates the distance using the formula (1):

) speed of sound X Time
Distance = (D)

HC-SR04 Pinout

p— GH ( Conmacted 1o OV or Ground)
Fig 4. Ultasonic Sensor HC-SR04 [8]

The sensor has two major elements: Transmitter: This sends out the waves and Receiver: This
detects the reflected waves. Its working range lies between approximately 2 to 400 cm, and with a
+3mm accuracy, the module fits all sorts of uses for short and middle-range distances.

2.5 Sensor DHT11

The DHT11 is a low-cost digital sensor for temperature and humidity measurement. The low cost,
ease of use, and reasonable accuracy have made it a widely used sensor in various applications, such as
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environmental monitoring, smart agriculture, and loT systems. The DHT11 is a capacitive digital sensor
capable of measuring:

DHT11 Pinout

Fig 5. Sensor DHT11 [9]

Temperature: The range is from -40°C to 80°C, with an accuracy of £0.5°C. Humidity: Ranges from
0% to 100% relative humidity (RH), with an accuracy of +2% RH [10]. This sensor works by sending
on a single wire and enables easy interfacing with Arduino, or other microcontrollers such as ESP32
and Raspberry Pi. It outputs periodic data temperature and humidity, usually every 2 seconds, which is
faster for practical applications in almost all applications of real-time monitoring.

2.6 Al predictions System

This tutorial describes how to implement an Al-based prediction system using data from
ThingSpeak, which is a cloud system for 10T analytics. The system uses the data gathered in ThingSpeak
to train an ML model for making predictions. ThingSpeak A platform for real-time data collection and
analysis, ideal for loT devices. Al prediction system It works on ML algorithms to predict future data
trends on the basis of historical data retrieved from ThingSpeak.

T
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Fig 6. Diagrams Flow Al [11]

3. RESEARCH METHOD

3.1 Data Collection

1) Direct measurement
Direct measurement in prototype sample using connected sensors with an IoT system it is
possible direct real-time data collection from the coastal environment. Measurement of this data
focused on the height of sea waves caused by nighttime abrasion and also sea level rise during
rain and other disaster symptoms [3] [12].

2) Obsevation
Make direct observations in sample prototype to weather conditions to ensure accuracy of data
collected from sensors and monitoring systems to compare the values of one or more variables at
different samples or times [12].

3.2 System Framework
Table 1. System Framework
Input Process Output
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The Framework depicted in the table above begins with ultrasonic sensors and humidity and
temperature sensors. These sensors are tasked with recognizing conditions surrounding environment.
Data collected from sensors this is then processed by the nodemcu esp32. Nodemcu esp32 acts as a
transmission device and link between various components in the system. After that, the processed data
will be sent to database for subsequent display on the website monitoring. If the system detects the
characteristics of a tidal flood, the system will do so automatically sending warning messages via the
platform WhatsApp.

3.3 Al System Workflow

Fig 7. Workflow Al

The flowchart illustrates the process of an Al prediction system using data from ThingSpeak, with
the following steps: This step involves fetching real-time data from the ThingSpeak loT platform.
ThingSpeak channels store 10T sensor data (e.g., temperature, humidity). Data is retrieved via
ThingSpeak's REST API using an HTTP request. The raw data collected from ThingSpeak is cleaned
and prepared for machine learning. After preprocessing, the cleaned data is fed into a machine learning
model to generate predictions. The model could be trained for tasks like anomaly detection, forecasting,
or classification based on the data. The predictions are evaluated for their outcome: If the prediction is
significant (e.g., a temperature threshold is exceeded), it triggers a notification. Otherwise, the system
moves to logging and monitoring. Alerts or notifications are sent to a Telegram channel or user if a
specific condition is met. This is achieved using Telegram's Bot API, which can deliver real- time
messages. All data, predictions, and actions (such as notifications) are logged for monitoring and future
analysis. This ensures the system's performance can be tracked and any issues identified over time.

RESULTS
4.1 Monitoring system

The publicly accessible monitoring system provides real-time data on humidity, temperature, and
water levels, offering a comprehensive overview of environmental conditions. This system ensures
transparency, enabling the public to stay informed about factors that may impact daily activities, such as
fishing or outdoor events. By making this information readily available, the system empowers users to
make informed decisions, whether they are fishermen needing accurate weather data or individuals
preparing for outdoor activities. The system helps users adapt to tidal and weather changes, promoting
safety and reducing risks from unexpected environmental shifts. Regular updates to the system's database
ensure that the information remains current, providing a reliable resource for planning and decision-
making. The research results are presented through various formats, including figures, graphs, and tables,
to enhance clarity and understanding.
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Fig—8. Dashboard Monitoring

4.2 10T Device

10T devices with WiFi-enabled sensors collect real-time data on environmental parameters like
temperature, humidity, and water levels. This data is transmitted to a cloud platform for further analysis,
enabling fast and efficient monitoring and response to changes. The use of 10T not only improves data
accuracy but also speeds up reaction times to environmental events, which is crucial for various
industries and public applications. The system, built with an ESP32, HC-SR04 ultrasonic sensor, and
DHT11 sensor, monitors tidal flooding. The HC-SR04 measures the distance to the water surface,
detecting rising water levels, while the DHT11 records temperature and humidity. The ESP32 processes
the data and sends it to ThingSpeak, a cloud platform for 10T data analytics. The system updates data
every 2 seconds using a URL generated by ThingSpeak’s API key, ensuring accurate, near-instant
updates. While the free ThingSpeak service limits updates to every 15 seconds, this system achieves fast
data transmission with minimal latency. This solution is ideal for coastal areas like Semarang, which
often experience storm surges.

Fig 9. Block Diagram System

4.3 System and Device Testing

a. loT Testing

After several days of testing the existing tool, it was found that the sensor could reach a height
of 8 meters and had an accuracy of up to +- 0.01 cm and was able to calculate at a speed of 2
seconds to transmit data, however there were several corrections from the tool up to 0.032 cm. and
can be calculated through coding in the Arduino IDE. Can we know in Fig 10 below.

Field 1 Chart 2 o x

Banjir Rob

Ketingglan Air (HC SR-04)

14:05 14:10 1415

Date
Thingspeak.com

Fig 10. Water Level Testing

Journal of Computation Physics and Earth Science Vol. 4, No. 1, April 2024: 6-14



12

After several days of testing the existing equipment, it was found that the sensor could read the
surrounding conditions at a certain temperature and humidity. temperature and humidity by DHT 11
is able to produce good data at certain intervals in a faster time. In fig 11 and 12 shows that there is
a correlation between temperature and humidity so that when this sensor is used and is able to work
better it will send valid and well-tested data.

Field 3 Chart (£ T

Banjir Rob

)

14:70 1415

Date
Thingspeak.com

Fig 12. Humidity Testing
b. Al Predictions System Testing

After obtaining sufficient data for training and testing by the Al system, the next step is to
clean the data from unnecessary teasers and also decide to use as much data as possible for
prediction training. As seen in the image below, we have cleaned the data from the sensors above,
which will then use a simple regression model with a data separation of 80% versus 20% data. Next,
we prepared a model evaluation with MSE and R2 Score to approach the best prediction model. The
following is a table of the data to be trained.

142 72 59
123 z7.60

Fig 13. Cleaned Data

Next, the data will go through a coding process to send early warning notifications according to

the model that has been trained and will then be linked according to the desired prediction model.
The following is the coding and results of the ai prediction system.

Data Head:

created at entry id fieldl field2 fields
@ 2024-12-16 00:34:28 UTC 96 2.9 28.8 93.0
1 20824-12-16 80:34:44 UTC 97 881.43 28.5 98.0
2 2024-12-16 80:35:81 UTC 98  13.23 28.5 98.0
3 2024-12-16 00:35:18 UTC 99 801.43 285  98.0
4 2024-12-16 00:35:36 UTC 10 801.47 285 96.0
<class 'pandas. core.frane.DataFrane’ >
RangeIndex: 48 entries, @ to 47
Data columns (total 5 columns):
# Colum Non-Hull Count Dtype
created at 48 non-null object
entry_id 48 non-null int64
fieldl 48 ron-null  float6d
field2 48 non-null  float6d
4 flelds 48 non-null  floated
dtypes: float64(3), int64(1), abject(1)
memory usage: 2.0+ KB

W

Info Data:
None

Evaluasi Model
Mean Squared Error (MSE): @.2639608000000002
R-squared (R2): ©.2528838838388383

Model berhasil disinpan sebagal model banjir_rob.pkl

Fig 14. Model Prediction using MSE and R? Score
After that, we try to send the data to the Telegram bot and immediately provide an early
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warning and provide several weather indices and water levels at that time. With this design, the
public can monitor more quickly and directly integrate via direct interest and if there is no internet, it
can be accessed via a web IP address or sensor directly. Code for transmission in thingspeak to
telegram.

Fig 15. Code Transmission to Telegram

CONCLUSION

In closing, the conclusion of this research is that the work idea is not yet perfect, therefore in the tool

testing there has been no data validation or calibration. In future research, the researcher hopes that there will be
additions such as remote sensing or signal transmission that can work well. However, in this research the
researcher is proud of being able to produce work at the speed desired by the researcher according to the
introduction.
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