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Abstract: Predicting Earthquakes and effectively monitoring Earthquakes before they have an impact on the Earth is very
important to get ready for a potential disaster. Earthquakes can be very bad. Unfortunately there are systems in place for
predicting Earthquakes that use methods for monitoring and processing a lot of seismic data that is collected. These
systems have not worked well in the past because they cannot effectively model relationships between different parts of
seismic data that are used to try to predict Earthquakes. This paper is about a system that can monitor and predict
Earthquakes in time. The system uses different learning approaches and a web-based interface that lets users view
Earthquake data in different formats and monitor current Earthquakes in real time.To figure out the seismic risk for any
region on Earth the system uses several supervised learning approaches including a Logistic Regression model, a Random
Forest model, a Support Vector Machine model and an optimized XGBoost model. These models are trained using features
that are chosen based on how well they can predict Earthquakes. These features include things like mean, variance and
standard deviation well as features that are based on the energy, entropy, skewness and kurtosis of seismic data and
features that are based on location. The system is built using a Flask web framework for a web-based monitoring and
interactive exploration system. There are graphs that show the results of monitoring Earthquakes, such as accuracy graphs
that compare the models a confusion matrix, a Receiver Operating Characteristic curve and a bar chart that shows the ratio
of classes. There is also a map that shows the areas that are prone to Earthquakes. The results showed that the optimized
XGBoost model was the accurate with an accuracy of 96%.The system can also classify the risk of an Earthquake. Issue an
early warning to the people, in charge.
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1. INTRODUCTION

Earthquakes are among the most devastating natural
disasters, causing extensive damage to infrastructure, loss
of human lives, and significant economic disruption
worldwide. Unlike many other natural hazards, earthquakes
occur with little or no warning, making timely detection,
monitoring, and prediction essential for reducing their
impact. Conventional seismic monitoring systems
primarily rely on networks of seismographs to detect
ground motion and provide information after seismic
events occur. Although these systems are highly effective
in recording earthquake activity, they often lack the
capability to accurately predict future earthquakes or
provide comprehensive real-time visual analytics for
emergency response. Recent advances in Machine
Learning (ML), Artificial Intelligence (AI), Big Data
Analytics, and Data Visualization have transformed the
field of earthquake monitoring. Machine learning
algorithms can analyze massive volumes of historical
seismic records, geological parameters, tectonic plate
movements, and environmental data to identify hidden
patterns associated with earthquake occurrences. By
learning from historical seismic behavior, ML models can
estimate the probability of future earthquakes, classify
seismic events, and improve prediction accuracy.
Furthermore, real-time data processing enables continuous
monitoring of seismic activity, allowing authorities to
receive rapid alerts and make informed decisions during
emergencies. The increasing availability of real-time
seismic data from national and international geological
agencies, loT-enabled seismic  sensors, satellite
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observations, and cloud-based monitoring platforms has
created new opportunities for developing intelligent
earthquake prediction systems. Modern visualization
techniques further enhance decision-making by presenting
seismic information through interactive dashboards, heat
maps, geographical information systems (GIS), time-series
plots, and statistical charts. These visualization tools enable
researchers, disaster management authorities, and
policymakers to quickly interpret complex seismic data,
identify earthquake-prone regions, and coordinate disaster
response  effectively. The proposed Real-Time
Earthquake Monitoring and Prediction System Using
Machine Learning and Data Visualization integrates
continuous  seismic  data  acquisition, intelligent
preprocessing, predictive machine learning models, and
interactive visualization into a unified framework. The
system collects seismic information from multiple sources,
performs data cleaning and feature extraction, and applies
advanced machine learning algorithms such as Random
Forest, Support Vector Machine (SVM), Decision Tree,
Gradient Boosting, XGBoost, Long Short-Term
Memory (LSTM), and Recurrent Neural Networks
(RNNs) to forecast earthquake occurrences and estimate
their potential magnitude. Simultaneously, an interactive
visualization module displays real-time earthquake
locations, magnitude distributions, seismic trends, and alert
notifications through intuitive graphical interfaces. The
proposed framework offers several advantages over
traditional earthquake monitoring systems. It improves
prediction accuracy by leveraging historical and real-time
seismic data, enables continuous monitoring with minimal
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latency, supports early warning mechanisms, and provides
visually rich representations that facilitate rapid
interpretation of seismic events. The integration of machine
learning with data visualization enhances situational
awareness, allowing disaster management agencies to make
proactive decisions, optimize resource allocation, and
reduce response times during earthquake emergencies. In
conclusion, the development of an intelligent real-time
earthquake monitoring and prediction system represents a
significant advancement in disaster ~management
technology. By combining machine learning algorithms
with advanced visualization techniques, the proposed
system aims to deliver accurate seismic predictions,
efficient real-time monitoring, and user-friendly analytical
dashboards. Such an integrated solution has the potential to
strengthen early warning systems, minimize the impact of
earthquakes on communities, and contribute to building
more resilient and disaster-prepared societies.

II. LITERATURE SURVEY

Earthquake prediction and real-time monitoring remain

among the most challenging research areas in geoscience
because seismic events are governed by highly complex
and nonlinear geological processes. With the emergence of
Machine Learning (ML), Deep Learning (DL), and Big
Data analytics, researchers have developed intelligent
systems capable of analyzing historical and real-time
seismic data to improve earthquake forecasting accuracy.
This section reviews significant contributions related to
machine learning-based earthquake prediction, seismic
monitoring, and visualization. Cho et al. presented a
comprehensive review of Artificial Intelligence (Al)
techniques for earthquake prediction, covering expert
systems, machine learning algorithms, and deep learning
Their study analyzed numerous Al-based
approaches and concluded that deep learning methods,
particularly Convolutional Neural Networks (CNNs) and
Long Short-Term Memory (LSTM) networks, outperform
conventional statistical models when sufficient seismic
data are available. The authors also highlighted challenges

models.

including data imbalance, model generalization, and
limited availability of high-quality seismic datasets. Zhao
et al. reviewed recent advances in machine learning for
earthquake prevention and reduction. Their survey
categorized ML applications into earthquake forecasting,
structural damage assessment,
seismic hazard analysis, and post-disaster recovery. The
authors emphasized that integrating heterogeneous data
sources with advanced learning algorithms can
significantly disaster preparedness  while
identifying data quality and interpretability as major
research challenges.

emergency response,

improve
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Recent studies have demonstrated that deep learning
architectures such as CNNs, RNNs, and LSTM networks
effectively capture temporal and spatial dependencies in
seismic signals. CNNs automatically extract spatial
features from waveform data, whereas LSTMs model long-
term temporal relationships among seismic events. Hybrid
CNN-LSTM architectures have shown improved prediction
accuracy by simultaneously learning spatial and temporal
characteristics from earthquake datasets. Researchers have
also developed real-time earthquake monitoring systems
using Wireless Sensor Networks (WSNs), Internet of
Things (IoT) devices, cloud computing, and distributed
seismic stations. These systems continuously collect
seismic observations, transmit streaming data to cloud
platforms, and provide rapid earthquake detection and early
warning However, many existing systems
primarily focus on event detection rather than predictive
analytics and intelligent decision support. Interactive data
visualization has become an important component of
intelligent seismic monitoring Geographic
Information Systems (GIS), heat maps, dashboards, and
time-series visualization enable emergency management
agencies to interpret seismic activity efficiently.
Visualization techniques improve situational awareness by
displaying earthquake locations, magnitudes,
trends, and hazard zones in an intuitive manner, thereby
supporting rapid decision-making during disasters. Despite
significant progress, existing earthquake prediction systems
still face several limitations. Many approaches rely on a
single machine learning algorithm, lack efficient handling
of continuously streaming seismic data, or provide limited
visualization capabilities. Furthermore, uncertainty in
earthquake generation, noisy seismic measurements, and
affect
recommend

services.

systems.

seismic

insufficient feature engineering continue to

prediction Recent  reviews
integrating multiple machine learning models, real-time
data acquisition, cloud-based processing, and advanced
visualization techniques into unified intelligent frameworks
to improve prediction reliability and emergency response.
The proposed Real-Time Earthquake Monitoring and
Prediction System Using Machine Learning and Data
Visualization addresses these research gaps by integrating
real-time seismic data collection, comprehensive
preprocessing, advanced machine learning algorithms,
predictive analytics, and interactive visualization into a
single platform. The framework aims to enhance
earthquake forecasting accuracy, provide continuous

monitoring, generate timely alerts, and support disaster

accuracy.
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management authorities with intuitive visual decision-
support tools.
II. EXISTING SYSTEM
Earthquake prediction systems that we have now mostly
use statistics and simple machine learning to try to figure
out when earthquakes will happen. These systems look at
what happened during earthquakes to find patterns and
guess if another earthquake will happen. But most of these
systems do things like try to guess how strong an
earthquake will be or what kind of earthquake it is. They
do not give us a system to watch what is happening with
earthquakes all the time. Old systems need people to look
at the data and pick out the important parts, which require a
lot of expert knowledge and make it hard to see
complicated patterns in the earthquake data. Most of these
systems also cannot process data in real time. They do not
give us pictures or easy to use screens to watch what is
happening with earthquakes. So they are not very useful for
people who are trying to deal with disasters in the world.
DISADVANTAGES OF EXISTING SYSTEM
* Very Low Accuracy.
* No Real time Monitoring.
* Manual Feature Engineering
IV. PROPOSED SYSTEM
The new system is called a Machine Learning-Based Real-
Time Earthquake Prediction and Monitoring System. The
Machine Learning-Based Real-Time Earthquake Prediction
and Monitoring System uses machine learning algorithms
like Logistic Regression and Random Forest and Support
Vector Machine and XGBoost. The Machine Learning-
Based Time Earthquake Prediction and Monitoring System
looks at the data to find patterns that happen when
earthquakes occur. I use XGBoost to decide if an
earthquake will happen because it is very good, at this task.
The Machine Learning-Based Real-Time Earthquake
Prediction and Monitoring System is built using a web
framework called Flask. The Machine Learning-Based
Real-Time Earthquake Prediction and Monitoring System
gives us a screen that we can use to watch what is
happening with earthquakes. It updates in real time. The
Machine Learning-Based Real-Time Earthquake Prediction
and Monitoring System also has a way to show us how
well the system is working. The Machine Learning-Based
Real-Time Earthquake Prediction and Monitoring System
can also connect to the USGS real-time earthquake data.
ADVANTAGES
e The system helps us watch activities all the time
through constant data collection and analysis.
e The system uses machine learning models to find
the best way to predict earthquakes.

* | can use the web application, which is based on Flask to
upload data make predictions and see the results in a way.
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SYSTEM ARCHITECTURE

Fig 1: System Architecture

V. UML DIAGRAMS

1. ACTIVITY DIAGRAM

An Activity Diagram is a UML diagram. It represents the
workflow of a system. The diagram shows the sequence of
activities. These activities are performed from the start to
the end of a process. It helps to understand how tasks are
done. Also it shows how data moves through stages.

>
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e
Fig 5.1 shows the Activity diagram

2. USECASE DIAGRAM:

A UML Use Case Diagram is a visual representation that
shows how users interact with the Earthquake Prediction
System. It helps identify the main functions of the system
without showing internal implementation details. In the
Earthquake Prediction System, the user logs into the Flask
web application and upload earthquake data containing
parameters such as location, depth, and magnitude. The
system preprocesses the data by cleaning missing values,
removing noise, and normalizing features. The processed
data is then analyzed using machine learning algorithms
such as Logistic Regression, Support Vector Machine
(SVM), Random Forest, and XGBoost. Based on the
analysis, the system predicts the earthquake risk level as
Low, Medium, or High. Finally, the prediction results,
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accuracy metrics, graphs, and reports are displayed on the
dashboard for monitoring and analysis. The UML Use Case
Diagram helps visualize these interactions and supports the
design, development, and documentation of the Earthquake

Prediction System.

Upload Seismic
Dataset

Preprocess Data

Run ML Prediction
(XGBoost)

User

View Risk Result
(Low / Medium / High)

View Graphs &
Reports

View Real-Time
Monitoring Data

Fig 5.2 Shows the Use case Diagram

3. SEQUENCE DIAGRAM:

Sequence Diagram is a UML diagram. It shows how
different objects interact with each other over time. This
diagram illustrates how messages are exchanged between
the user and system modules to perform a task. The
Sequence Diagram shows step-by-step interaction between
the user and Earthquake Prediction System modules. The
process starts when the user logs into the Flask application.
Then the user uploads a dataset. The system processes the
data. It cleans, selects features and normalizes the data.
After that the data is passed to machine learning models.
The XGBoost model is used to predict earthquake risk. The
system calculates the risk level. Then it sends results back
to the Flask dashboard. The user can view the predicted
risk, graphs and reports. The user sees them in an
interactive format, on the dashboard.

ML Model | XGBoost
% [ Flask App ] [Preptoc.ssorq Sarvice ‘ [ A J‘ [Duhboard]
User T T . H

I 1 Login Request 1 H H

! 2 Authentication

§< ..... Suceees. .ol

3. Upload Dataset . ,

5. Processed Data_
| """ 6 Prediction

‘ Request

7. Prediction

i 9. Show Results
i (Risk Level, Graphs)

10. Display in Dashboard

Fig 5.3 Shows the Sequence Diagram
VI. RESULTS
6.1 Output Screens
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Earthquake Al Login

Fig 6.1 Login Page
In above shows the login page of the Earthquake Prediction
System

o

® Welcome to Earthquake Prediction Dashboard
Upload Dataset

@ Train Models

o Prediction

Live Monitoring Model Accuracy Reports

5 | | r-——

= Confusion Matrix lysis Dashboard

Fig 6.2 Home Dashboard
In above screen shows the Home dashboard.

o

Earthquake Prediction System

Resalt

oy . Y.'

Fig 6.3 Earthquake Prediction System
In above screen shows the Earthquake Prediction System

on

® Real-Time Earthquake Monitoring

Live USGS Feed

Total Events High Risk Latest
4 0 Magnitude
15

3 NE of Wikdomar, CA
Magnude: 0.99

Fig 6.4 Real- Time Earthquake Monitoring Dashboard
In above screen shows the Real- Time Earthquake
Monitoring Dashboard
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W Earthquake Prediction Analysis

Confusion Matrix

Fig 6.5 Confusion Matrix

In above screen shows the Confusion Matrix.
0 b oo s Qa_8)

ROC Curve

Fig 6.6 ROC Curve
In the above screen shows the ROC curve.

0 o

Correlation Matrix

Fig 6.7 Correlation Matrix
In above screen shows the Correlation Matrix
VII. CONCLUSION
The Earthquake Prediction and Real-Time Monitoring

System was made using machine learning and a Flask web
application. This system looks at data and uses Logistic
Regression and other methods like Random Forest, SVM
and XGBoost to predict earthquake risk levels. The
XGBoost method worked the best so it was chosen as the
way to make predictions.The system also gets real-time
earthquake data from the USGS feed. This lets users see
what is happening with earthquakes now through a special
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dashboard and map. The system is good at predicting risks
showing what is happening in time and making it easy to
see earthquake information. So it is a tool for figuring out
earthquake risks and getting ready for disasters. I can make
the system better by adding advanced methods like LSTM
and GRU. This can help make predictions more accurate. [
can also use sources of data like pictures from satellites
GPS data and special sensors that feel earthquakes. In the
future the system might be able to send warnings by SMS
and email when there is a risk of an earthquake. It could
also show where the risks are on a map and where the fault
lines are. The system can be made to explain its predictions
better so users understand them clearly.The Earthquake
Prediction and Real-Time Monitoring System can be made
intelligent and accurate with these changes. It will be more
useful for watching earthquakes and managing disasters on
Earthquake
Monitoring System will help people get ready, for
earthquakes and stay safe.
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