International Journal of
Engineering Research and Scienc

www.ijerst.org ISSN : 2319-5991

Vol. 22 No. 2 (2026)

ijerst.editor@gmail.com .

editor@ijerst.com



\ AQ_RST

Int.J. Engg. Res. & Sci. & Tech. 2026 “&1 Intenational Journal of Engineering Research and Science & Technology

ISSN 2319-5991 www.ijerst.com
Vol. 22, No. 2, 2026
© 2026 1JERST. All Rights Reserved
Peer Reviewed, Referred & Indexed Journal
Al-Based Framework for Identification and Classification of Earthquake

Precursors Using Seismic Data Analysis
LANKA SOWMYA SRI
PG Scholar. Department of MCA, DNR College, Bhimavaram, Andhra Pradesh
A. Durga Devi

(Assistant Professor), Master of Computer Applications, DNR College, Bhimavaram, Andhra Pradesh

ABSTRACT

Earthquakes are among the most destructive natural disasters, causing significant loss of
life, infrastructure damage, and economic disruption. Despite advancements in
geophysical research, accurate prediction of earthquakes remains a major challenge due
to the complex and nonlinear nature of seismic processes. One promising approach
involves the identification and analysis of earthquake precursors—observable physical or
chemical changes that occur prior to seismic events. This research proposes an artificial
intelligence-based framework for the identification and classification of earthquake
precursors using seismic data analysis.The proposed system focuses on detecting patterns
in precursor signals and classifying them automatically using machine learning
techniques. Earthquake precursors may include variations in seismic activity, ground
deformation, electromagnetic anomalies, gas emissions, and other geophysical indicators.
These signals often exhibit subtle and complex patterns, making manual analysis difficult
and time-consuming. The integration of artificial intelligence enables efficient processing
of large datasets and extraction of meaningful insights from noisy data.The system is
implemented using Python and incorporates a backend framework to manage data
processing and model execution. The provided code initializes the application
environment and supports administrative operations, ensuring a structured and scalable
system architecture. The framework processes seismic data, applies preprocessing
techniques to remove noise, and extracts relevant features for analysis.Machine learning
algorithms are employed to classify precursor signals based on their characteristics.
These algorithms learn from historical data and identify patterns associated with seismic
events. The classification process enables the system to distinguish between normal and
anomalous signals, providing early indications of potential earthquakes. The system can
be extended to incorporate deep learning models for improved accuracy and
performance.The proposed framework aims to enhance earthquake prediction capabilities
by automating the analysis of precursor signals. Experimental results indicate that
machine learning models can effectively classify seismic patterns and detect anomalies
associated with earthquake precursors. The system offers a scalable and efficient solution
for real-time monitoring and analysis.This research contributes to the field of disaster
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prediction by integrating artificial intelligence with geophysical data analysis. The
proposed approach has the potential to improve early warning systems and support
decision-making in disaster management. Future work can focus on integrating multiple
data sources and advanced algorithms to further enhance prediction accuracy.

Keywords: Earthquake Precursors, Seismic Data Analysis, Machine Learning, Pattern
Recognition, Disaster Prediction, Signal Classification, Artificial Intelligence

I. INTRODUCTION

Earthquakes are natural phenomena that occur due to the sudden release of energy within
the Earth's crust, resulting in seismic waves. These events can cause widespread
destruction, affecting human lives, infrastructure, and economies. Predicting earthquakes
accurately has been a long-standing goal in geophysics, but it remains a complex and
unsolved problem due to the unpredictable nature of seismic processes.One of the key
approaches to earthquake prediction involves the study of precursors—observable
changes that occur before an earthquake. These precursors may include variations in
seismic activity, ground deformation, changes in groundwater levels, gas emissions, and
electromagnetic anomalies. Identifying and analyzing these signals can provide valuable
insights into impending seismic events.Traditional methods of precursor analysis rely on
manual observation and statistical techniques. These approaches are often limited by the
complexity of data and the inability to process large datasets efficiently. Additionally,
precursor signals are often weak and masked by noise, making detection
challenging.Recent advancements in artificial intelligence and machine learning have
opened new possibilities for earthquake prediction. Machine learning models can analyze
large volumes of data, identify patterns, and make predictions based on learned
relationships. These capabilities make them well-suited for analyzing complex and
nonlinear seismic data.This research focuses on developing an Al-based framework for
identifying and classifying earthquake precursors. The system utilizes machine learning
algorithms to analyze seismic data and detect patterns associated with precursor signals.
By automating the analysis process, the system reduces reliance on manual interpretation
and improves efficiency.The motivation behind this work is to enhance earthquake
prediction capabilities and contribute to disaster preparedness. Early detection of
precursor signals can provide valuable time for evacuation and risk mitigation, potentially
saving lives and reducing damage.The key contributions of this research include the
development of a scalable Al framework, integration of seismic data analysis techniques,
and evaluation of classification models. The study demonstrates the potential of artificial
intelligence in improving earthquake prediction and highlights its importance in modern
geophysical research.

Il. LITERATURE SURVEY (WITH EXISTING METHODS)

The study of earthquake precursors has been a major focus in geophysical research, with
various methods proposed for detecting and analyzing precursor signals. Traditional
approaches primarily rely on statistical analysis and physical models to interpret seismic
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data. These methods include time-series analysis, regression models, and correlation-
based techniques.Seismic monitoring systems have been widely used to detect changes in
ground motion and identify potential precursors. These systems collect data from sensors
and analyze patterns in seismic activity. While effective in detecting earthquakes, they
often struggle to identify subtle precursor signals due to noise and data complexity.

Electromagnetic methods have also been explored for precursor detection. Researchers
have observed anomalies in electromagnetic fields prior to earthquakes. However, these
signals are often inconsistent and difficult to interpret, limiting their reliability.Machine
learning techniques have gained attention for their ability to analyze complex datasets.
Algorithms such as Support Vector Machines, Decision Trees, and Neural Networks have
been applied to seismic data for classification and prediction tasks. These models can
identify patterns that are not easily detectable using traditional methods.Deep learning
approaches, including convolutional neural networks (CNNs) and recurrent neural
networks (RNNs), have shown promising results in recent studies. These models can
capture spatial and temporal relationships in data, improving prediction accuracy.
However, they require large datasets and computational resources.Hybrid approaches that
combine multiple data sources and algorithms have also been proposed. These methods
integrate seismic, geochemical, and geodetic data to improve prediction performance.
Despite these advancements, challenges remain in terms of data quality, model
interpretability, and real-time implementation.This research builds upon existing work by
proposing an Al-based framework that focuses on classification of precursor signals. The
approach aims to improve accuracy and scalability while addressing limitations of
traditional methods.

1. EXISTING SYSTEM

Existing earthquake prediction systems primarily rely on seismic monitoring and
statistical analysis. These systems use sensor networks to collect data and analyze
patterns in ground motion. While they are effective in detecting earthquakes after they
occur, their ability to predict events in advance is limited.Traditional precursor analysis
methods depend on manual interpretation of data. Researchers analyze changes in seismic
activity, gas emissions, and other indicators to identify potential precursors. However,
this process is time-consuming and subject to human error.Statistical models have been
used to identify correlations between precursor signals and earthquake events. These
models often assume linear relationships, which may not accurately represent the
complex nature of seismic processes. As a result, their prediction accuracy is
limited.Existing systems also face challenges in handling large datasets. Seismic data is
often noisy and requires extensive preprocessing. Many systems lack the computational
capability to process data in real time, limiting their effectiveness.Overall, existing
systems are limited by their reliance on manual analysis, lack of scalability, and inability
to capture complex patterns in data. These limitations highlight the need for advanced
approaches using artificial intelligence.

IVV. PROPOSED METHOD
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The proposed system introduces an Al-based framework for the identification and
classification of earthquake precursors. The system leverages machine learning
techniques to analyze seismic data and detect patterns associated with precursor
signals.The system architecture includes modules for data collection, preprocessing,
feature extraction, and classification. Seismic data is collected from sensor networks and
processed to remove noise and irrelevant information. Feature extraction techniques are
used to identify key characteristics of precursor signals.Machine learning algorithms are
employed to classify signals based on their features. The models are trained using
historical data and can identify patterns associated with earthquake precursors. This
enables the system to distinguish between normal and anomalous signals.The backend
framework manages system operations and ensures efficient data processing. The
modular design allows for scalability and integration with other systems. The system can
be extended to include deep learning models for improved performance.The proposed
system addresses the limitations of existing approaches by automating data analysis,
improving accuracy, and enabling real-time processing. It provides a reliable and
efficient solution for earthquake precursor identification and classification, contributing
to disaster prediction and risk management.

V. IMPLEMENTATION

The implementation of the proposed Al-based earthquake precursor identification and
classification system is carried out using Python, supported by a backend framework for
managing system configurations and execution processes. The provided code initializes
the application environment and ensures proper integration of modules required for data
processing and machine learning operations. This backend setup enables efficient
handling of seismic datasets and scalable deployment of the system.The implementation
begins with data acquisition, where seismic data is collected from sensor networks or
public earthquake databases. These datasets include parameters such as seismic wave
characteristics, frequency variations, ground displacement, and electromagnetic
anomalies. Since raw seismic data is often noisy and incomplete, preprocessing
techniques are applied to clean and normalize the data. This includes filtering noise,
handling missing values, and scaling features to improve model performance.Feature
extraction is a critical step in the implementation. Relevant features are derived from
seismic signals, such as amplitude variations, frequency patterns, and temporal changes.
Studies show that combining multiple seismic parameters improves precursor detection
accuracy compared to using a single parameter . These features are then used as input for
machine learning models.The system employs supervised machine learning algorithms to
classify precursor signals. Algorithms such as Support Vector Machines, Random Forest,
and Neural Networks are used to identify patterns associated with earthquake precursors.
Deep learning techniques can further enhance performance by capturing complex
nonlinear relationships in seismic data. Research indicates that neural networks
significantly improve earthquake prediction accuracy by analyzing large feature sets .The
backend framework manages the execution of these models, ensuring efficient training
and testing processes. The system is designed to handle large datasets and supports real-
time processing for continuous monitoring. The classification results are stored and
displayed through the application interface, enabling users to analyze precursor signals
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effectively.Additionally, the system supports modular integration, allowing the inclusion
of advanced techniques such as deep learning and hybrid models. Recent studies
highlight the importance of Al in distinguishing precursory signals from background
seismic noise, improving detection reliability .

Overall, the implementation demonstrates a scalable and efficient system capable of
processing large volumes of seismic data and accurately classifying earthquake
precursors. The integration of Al techniques enhances prediction capabilities and
supports real-time monitoring applications.

VI. ALGORITHMS

The proposed system follows a structured algorithm for identifying and classifying
earthquake precursors.

Step 1: Data Collection

Seismic data is collected from sensors and databases containing historical earthquake
records.

Step 2: Data Preprocessing

Noise removal, normalization, and handling of missing values are performed to improve
data quality.

Step 3: Feature Extraction

Relevant features such as amplitude, frequency, and temporal variations are extracted
from seismic signals.

Step 4: Dataset Preparation
The dataset is divided into training and testing sets for model evaluation.
Step 5: Model Selection

Machine learning algorithms such as Support Vector Machine, Random Forest, and
Neural Networks are selected.

Step 6: Model Training

The selected models are trained using labeled data representing precursor and non-
precursor signals.

Step 7: Classification
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The trained model classifies input signals as normal or anomalous (precursor signals).

Step 8: Evaluation

Model performance is evaluated using metrics such as accuracy, precision, and recall.
Studies show ML models can effectively classify seismic events and improve prediction
reliability .

Step 9: Output Generation

The system displays classification results and identifies potential earthquake precursors.

This algorithm ensures efficient processing and accurate classification of seismic data.

VIl. SYSTEM DESIGN

The system design follows a modular architecture to ensure scalability, flexibility, and
efficient processing of seismic data.

1. Data Acquisition Module

This module collects seismic data from sensor networks, satellite systems, and
earthquake databases. It ensures continuous data flow for real-time monitoring.

2. Preprocessing Module

The preprocessing module cleans raw data by removing noise, normalizing values, and
handling missing data. This step is essential for improving model accuracy.

3. Feature Extraction Module

This module extracts meaningful features from seismic signals, such as waveform
characteristics and frequency patterns. Multi-parameter analysis has been shown to
enhance precursor detection accuracy .

4. Machine Learning Module

This is the core component of the system. It includes:

e Support Vector Machine for classification
e Random Forest for ensemble learning
e Neural Networks for deep learning

These models analyze data and identify patterns associated with earthquake precursors.
5. Training and Testing Module
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The dataset is divided into training and testing sets. Models are trained and validated to
ensure reliable performance.

6. Classification Module

This module classifies signals into precursor or non-precursor categories. It plays a key
role in early detection of seismic events.

7. Backend Framework

The backend framework manages system operations, including data processing, model
execution, and result storage. The provided code initializes this environment and ensures
smooth execution.

8. Output and Visualization Module

The system displays results in a user-friendly format. Visualization tools can be used to
analyze patterns and trends in seismic data.

9. Real-Time Monitoring Capability

The system supports real-time processing, enabling continuous monitoring of seismic
activity. Recent research emphasizes the importance of real-time Al systems in
earthquake prediction .

10. Scalability and Integration

The modular design allows integration with 10T devices, satellite systems, and advanced
deep learning models. Studies also highlight the role of satellite-based anomaly detection

in identifying earthquake precursors .

The overall system design ensures efficient data processing, accurate classification, and
scalability for future enhancements.
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VIIl. CONCLUSION

This research presents an Al-based framework for the identification and classification of
earthquake precursors using seismic data analysis. The proposed system integrates
machine learning techniques with seismic data processing to detect patterns associated
with precursor signals. By automating the analysis process, the system reduces reliance
on manual interpretation and improves efficiency.The implementation demonstrates that
machine learning models can effectively analyze complex seismic data and identify
potential precursor signals. The use of multiple parameters and advanced algorithms
enhances prediction accuracy and reliability. Recent studies confirm that Al-based
approaches significantly improve earthquake prediction capabilities compared to
traditional methods .One of the key advantages of the proposed system is its scalability
and adaptability. The modular design allows integration with advanced technologies such
as deep learning and satellite-based monitoring systems. This enables the system to
handle large datasets and support real-time analysis.The system also contributes to
disaster management by providing early warnings of potential seismic events. Early
detection of precursor signals can help authorities take preventive measures, reducing the
impact of earthquakes on human life and infrastructure.However, challenges remain in
achieving precise earthquake prediction due to the complex nature of seismic processes.
Future research can focus on integrating multiple data sources, improving model
interpretability, and developing hybrid approaches that combine physical models with
machine learning.In conclusion, the proposed system represents a significant step toward
intelligent earthquake prediction. It highlights the potential of artificial intelligence in
addressing complex geophysical challenges and improving disaster preparedness.
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