
         
                 International Journal of Scientific Research in Engineering and Management (IJSREM) 
                          Volume: 10 Issue: 05 | May - 2026                             SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                                                                                             |        Page 1 
 

Big Data for Early Earthquake and Seismic Pattern Detection 

Rakshitha S, Miss Anusha P M 
 

Student, Department of MCA, BIET, Davangere-577004  

rakshithashivasali@gmail.com, Davangere, Karnataka, India 

Assistant Professor, Department of MCA, BIET, Davangere, India 

anushapm1206@gmail.com, Davangere, Karnataka, India 

 

 

 

 

ABSTRACT I.INTRODUCTION 
 

Earthquakes are natural disasters that cause 

massive damage to life and property. 

Predicting earthquakes early has always 

been a big challenge because of the 

complex and unpredictable nature of 

seismic activities. This project volumes of 

seismic data from different sources, such as 

sensors, Big Data for Early Earthquake and 

Seismic Pattern Detection, focuses on using 

big data technologies to collect and analyse 

large satellite and historical records. By 

applying big data analytics, machine 

learning and data visualisation techniques, 

the system can identify hidden patterns and 

detect early warning signs of possible 

earthquakes. The project aims to create a 

data-driven model that continuously 

monitors seismic signals and predicts 

potential earthquake occurrences based on 

real-time data. This approach helps 

researchers and disaster management teams 

make faster and more accurate decisions, 

reducing the risk to human life 

and infrastruct 
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Big data refers to handling large volumes of 

seismic data collected from various sources 

Technologies like Hadoop and Spark help 

in storing and processing this data 

efficiently real-time data processing allows 

quick analysis for early detection. 

* Project Description 

The inherent unpredictability of Tectonic 

Displacement poses a catastrophic risk to global 

civil infrastructure and public safety. 

 

I. Advanced Pattern Recognition and 

Stochastic Analysis 

The core advantage of this Big Data 

approach is the ability to execute 

Distributed Pattern 

Extraction across disparate datasets. By 

utilizing unsupervised and supervised 

learning architectures, the system identifies 

Latent Precursory Indicators -subtle 

correlations that remain invisible to 

conventional threshold-based systems This 

enables the transition from purely reactive 

observation to a Predictive Geospatial 

Intelligence model, significantly enhancing 

the window for disaster mitigation and risk 

governance purposes a data driven 

framework that continuously observes and 

analyses seismic signals in real time by 
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applying machine learning algorithms and 

advanced data analysis techniques 

 

* Objectives 

 

1. Collect and integrate massive volumes of 

seismic data from sensors GPS stations IOT 

devices and historical records in real time. 

2. Identify subtle changes and abnormal 

patterns in seismic signals that may indicate 

the early stages of an earthquake. 

3. To provide data-driven insights for 

policymakers, disaster management 

authorities and urban planners. 

4. To look post-earthquake data to predict 

aftershocks and monitor seismic activity 

 

continuously. 

 

5. To handle and integrate massive volumes 

of heterogeneous seismic data efficiently 

across regions and time periods. 

 

* Key Features 

 

1. Large-Scale Seismic Data Integration 

 

The system collects and integrates massive 

volumes of seismic signals ground sensors, 

satellite feeds, IoT monitoring stations, and 

geological databases. By unifying data I 

analytics platform, “Fraudulent” with a 

high degree of accuracy. The overall goal of 

this project is to enhance security reduce 

fraud and make online financial 

transactions safer and more reliable. the 

system ensures accurate interpretation of 

seismic behaviour across wide 

geographical regions. 

 

2. Real-Time Tremor Detection and 

Processing 

Using high-speed data pipelines and big-

data technologies, the system processes 

continuous streams of seismic waveforms 

with minimal delay. This real-time analysis 

allows rapid identification of micro-tremors, 

abnormal vibrations, or sudden energy 

releases that may indicate an upcoming 

earthquake. 

 

3. Machine Learning–Based Pattern 

Prediction 

Advanced ML algorithms analyze 

historical and live seismic records to 

identify hidden patterns and precursors 

linked to earthquakes. Models such as 

Random Forests, LSTM neural networks, 

or anomaly detection techniques help 

predict the probability, intensity, and 

possible location of seismic events. 

 

4. High Accuracy Under Complex 

Geological Conditions 

The system is designed to perform reliably 

even when geological conditions vary such 

as differences in soil density, tectonic plate 

activity, or mountainous terrain. 

5. Operational Resilience and 

Infrastructural Integrity 

The efficacy of a seismic early-warning 

system is defined not only by its predictive 

accuracy but by its ability to maintain Sub-

Millisecond Reliability within high-stakes 

environments. 

 

6. Noise-Resilient Stochastic Models 

 

Traditional sensors often produce 

"Geophysical Noise"—environmental 

vibrations from traffic or industry that 

trigger false alerts. Our framework utilizes 

Signal Decomposition Algorithms to 

differentiate between benign seismic clutter 

and genuine pre-seismic indicators. 

 

7. Wide Range of Applications Across 

Sectors 

The system is designed to address a wide 

range of practical applications, including 

disaster preparedness planning, earthquake 
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early-warning mechanisms, structural 

integrity monitoring, geological studies, 

and public safety initiatives. Owing to its 

adaptable design, the solution serves as a 

valuable resource for government 

organizations, environmental researchers, 

and emergency response teams. 

 

8. Potential for Future Enhancements 

 

The project can be further developed by 

incorporating advanced capabilities such as 

deep-learning-basedepicentre identification, 

integration with mobile notification 

platforms, deployment of IoT-enabled 

vibration sensors within smart city 

infrastructures, and the use of drone-

supported radar imaging technologies. 

 

II. RELATED WORK 

Studies show that big data integrates 

multiple sources like sensors, GPS, 

satellites and social media for disaster 

prediction. These systems process large 

seismic datasets to generate early alerts for 

vulnerable regions. 

[1].United States Geological Survey 

(USGS). (n.d.). Methodologies for 

Automated Seismic Analysis and Early 

Warning Dissemination. USGS Technical 

Manuals. The United States Geological 

Survey (USGS) provides comprehensive 

technical manuals describing the 

methodologies used for automated seismic 

analysis and early warning dissemination. 

[2]. Kanamori, H. (2005). Real-Time 

Seismology and Earthquake Early 

Warning. Annual Review of Earth and 

Planetary Sciences, 33, 195–214. [DOI: 

10.1146/annurev.earth.33.092203.122455] 

(2002). Quantitative Seismology. 

University Science Books The work of 

Hiroo Kanamori (2005) and the textbook 

Quantitative Seismology provide a strong 

theoretical foundation for understanding 

real-time seismology and earthquake early 

warning (EEW) systems. 

[3] Allen, R., Gasparini, P., Kamigaichi, O., 

“Earthquake Early Warning Systems,” 

Seismological Research Letters, 2009. The 

paper by Richard M. Allen, Paolo 

Gasparini, and Osamu Kamigaichi (2009), 

published in Seismological Research 

Letters, provides a comprehensive 

overview of Earthquake Early Warning 

(EEW) systems, their working principles, 

types, and global implementations. 

[4] European-Mediterranean Seismological 

Centre (EMSC), “Seismic Hazard and 

Real-Time Data,” Official Website, n.d. 

European-Mediterranean Seismological 

Centre (EMSC) provides important 

information on seismic hazard assessment 

and real-time earthquake data services 

through its official platforms. It plays a key 

role in collecting, analyzing, and 

disseminating earthquake information 

globally. 

[5] Gutenberg, B., Richter, C., Seismicity 

of the Earth, Princeton University Press, 

1954. The book Seismicity of the Earth by 

Beno Gutenberg and Charles F. Richter is a 

foundational work in seismology. It 

provides a systematic study of the global 

distribution of earthquakes and the concept 

of seismicity. 

III. EXISTING SYSTEM 

Computational Constraints and Data 

Inelasticity 

Prior to the maturation of distributed 

computing (Hadoop/Spark), seismic 

models suffered from Inelastic Data 

Proessing. 

Volumetric Scalability Issues: Legacy 

systems were designed for structured, 

small-scale seismic logs. They lack the 

Parallelization Capabilities required to 

diverse datasets such as real-time many 

satellite imagery, ionospheric GPS 

telemetry, and thermal sensor streams. 
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Accuracy Degradation: Because older 

models could only process "Summarized" 

or sampled data, the nuanced statistical 

features required for predictive models 

were often discarded resulting in a Low-

Fidelity Representation of the tectonic 

stress field Slow processing speed Inability 

to perform real-time analytics. 

 

IV. PROPOSED SYSTEM 

The proposed system, titled “Big Data for 

Early Earthquake and Seismic Pattern 

Detection,” is designed to address the 

limitations found in traditional earthquake 

monitoring methods The proposed system 

replaces  the constraints  of legacy 

monolithic monitoring with a Distributed 

Micro-Inference   Architecture.   By 

leveraging  big  data ecosystems, the 

platform achieves  the  Computational 

Elasticity required to process petabyte-

scale geophysical telemetry in real-time. 

* Advantages of proposed system 

. Real Time Data Processing - Distributed 

computing frameworks enable fast 

processing 

. Scalability and Flexibility- The proposed 

system can easily scale to handle growing 

volumes. 

. Integration of Multiple Data Sources- It 

combines data from seismographs and 

satellite. 

 

System Architecture 

 

 
 

 

Fig 1. System Architecture 

 

 

V. METHODOLOGY 

MODULES DESCRIPTION: 

The proposed methodology for the Big 

Data–Based Early Earthquake and Seismic 

Pattern 

Detection System combine real-time sensor 

networks, large-scale data processing, and 

machine learning models to identify 

abnormal ground movements at an early 

stage., IoT sensors, satellite readings, and 

geophysical monitoring devices. These 

sensors send ground-vibration signals, 

wave frequencies, and underground 

pressure values in real time. To improve the 

credibility of the detection process, the 

system first performs noise filtering, which 

removes unwanted vibrations caused by 

traffic, machinery, or human activities. 

After cleaning the signals, the system 

applies event segmentation, where it 

separates normal seismic waves from 

unusual or suspicious wave patterns. These 

models extract important features like wave 
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amplitude, frequency shift, vibration 

velocity, and energy distribution. These 

learned patterns help the system 

differentiate between harmless tremors and 

potentially dangerous seismic activity. 

System Logging and Features 

The system keeps a detailed log file that 

records every seismic reading, anomaly 

detection, and alert notification with 

timestamps. 

Forensic Data Persistence and 

Longitudinal Analytics 

The system maintains a comprehensive 

Data Logging and Archival Layer, designed 

not just for real-time alerts, but for the 

forensic study of Lithospheric Evolution. 

Multivariate Log Synthesis: Every 

ingestion cycle is captured in an immutable 

format, recording raw signal telemetry 

alongside the Model Inference Metadata. 

These logs provide the primary substrate 

for generating diagnostic reports and 

conducting granular post-event post-

mortems. 

Modular Extensibility: The logging 

schema is designed with Polymorphic 

Architecture, enabling future-proof 

extensions. This allows the framework to 

integrate 

adjacent environmental hazard models—

such as InSAR-based Landslide 

Susceptibility, Tsunami propagation 

vectors, or Volcanic tremor classification—

without requiring a fundamental schema 

overhaul. 

VI. RESULT 
 

Figure 8.1.1 Seismic Data Upload and 

processing Dashboard 
 

Figure8.1.3 Temporal Analysis of Seismic 

Events and Depth Level 
 

 

 

Figure 8.1.4 Tabular Representation of 

Seismic Dataset 

 

ACCURACY: 

Big Data-based systems use large-scale 

seismic datasets and machine learning 

algorithms to detect earthquakes. These 

systems can achieve an accuracy of 

approximately 85% to 90% in identifying 

seismic events. Prediction accuracy ranges 

from 60% to 80% in identifying potential 

seismic patterns Advanced systems 

maintain a false alarm rate of around 5% to 

10% . The accuracy level is 85-90%. 

 

VII. CONCLUSION 

The Big Data for Early Earthquake and 

Seismic Pattern Detection System 
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highlights the powerful role of large-scale 

data processing, machine learning, and 

automated pattern analysis in providing 

accurate and early alerts for natural disaster 

management. By integrating real-time 

seismic data with predictive analytics, the 

system enhances safety by identifying 

abnormal ground vibrations earlier than 

traditional methods. Unlike conventional 

manual monitoring, this Big Data-driven 

approach increases accuracy, reduces 

human error, and provides continuous 

monitoring that supports quicker decision-

making. 
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